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1. Summary
Conservation biomass, resulting from habitat management works, is both plentiful and under-utilised.
Many habitats managed for conservation are dynamic systems and maintaining them as such, places a
huge demand on resources and typically produces high yields of what is currently considered as waste
material. This material can be a challenge to dispose of and as a result can limit management activities,
which at times can compromise conservation objectives or fail to achieve desired management targets.
Finding an after use for this material could therefore turn the challenges of current management practise
into an opportunity. Placing a value on the biomass generated, could enable more effective management
work to be undertaken over larger areas. Creating this value by converting this material into an energy
product could also reduce reliance on fossil fuels and help to reduce greenhouse gas emissions.
However to be in a position to utilise material from conservation habitats and in the case of this study,
from heathland, as a bioenergy feedstock, may need adaptation of existing technology and the
development of new and innovative techniques. Alongside this, developing an understanding of biomass
characteristics and how they behave under certain treatments is essential when exploring its potential.
The work undertaken in this study looks to employ new end-to-end solutions currently being developed
with the support of the Department of Energy and Climate Change to convert wetland biomass into
bioenergy. It aims to transfer the lessons learnt through this project and apply them to the management of
a different habitat type, but with similar challenges.
The trials executed aim to build on existing studies and explore further the difficulties experienced in the
utilisation of arisings, whilst still keeping the operation main stream and economically viable. All parts of
the end-to-end process are addressed, including harvesting, storage and processing. In relation to the
former important issues such as contamination of the biomass and chop size were explored. Two
techniques were trialled for drying the materials, through a bio-char kiln and AgBags. The latter was also
demonstrated as a storage technique. Energy product conversion was achieved through the processes of
pyrolysis and briquetting. Although the trials demonstrated some limitations, where this was the case they
highlighted the need for further, more concentrated work to fill in the knowledge gaps.
Full characterisation analysis was undertaken, with chemical and analytical work completed, this revealed
healthy calorific values for all the feed stocks tested and highlighted some of the specific challenges that
will need to be taken into account when conversion technology options are being considered.
Through the trials completed and the results generated it has been demonstrated through this study that
the conversion of biomass generated from heathland management into a bioenergy feedstock, is both
achievable and viable. The end-to-end techniques employed enable the operation to be undertaken in a
main stream practical way. Material can be harvested, dried and stored before conversion for combustion
in ways that sit comfortably as feasible management practises. The characterisation work revealed the
value of the material and the potential contribution as a bioenergy feedstock. The conclusion can
therefore be drawn that at a time when the government is looking to alternative, but economically viable,
means of generating energy, and whilst striving to meet important biodiversity targets and not impacting
on food production, exploring the possibilities surrounding these ideas could make economic, as well as
ecological, sense.
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2. Background
2.1

Introduction

Heathland is the broad name given to a variety of vegetation/habitat types which include; heather
communities associated with dry and wet heath, bracken, gorse, mire vegetation, scrub and grassland.
Originally created by woodland clearance at least as far back as the Bronze Age, the clear open areas
were once an important part of the rural economy, providing grazing land, bedding for stock and a source
of fuel. With the cessation of such use, these areas have since been regarded as waste land to be
‘improved’ for either agricultural use, planted for forestry, used for housing or simply abandoned, allowing
invasive species such as bracken, gorse, pine and birch to spread. This process has resulted in a
dramatic reduction in the area of heathland and it is now a nationally and internationally rare, threatened
and declining habitat.
Conservation of this habitat is a priority in the UK as it has approximately 20% of Europe’s lowland heath.
These heaths support an assemblage of specialised and threatened species of plants and wildlife and are
protected by a number of International Conventions, European Directives and UK Legislation.

2.2

Opportunity

Management of these areas is both necessary and important to maintain habitat dynamics, through the
creation and maintenance of open areas; to regulate invasive species, such as bracken and scrub, and to
provide a diversity of age and structure to heather and other specialist, low-growing species.
Management removes litter, reduces species dominance, lets light through to the ground level and
disturbs the ground; this creates areas for new seedlings to become established. It typically is a
combination of both grazing and cutting, with the latter producing substantial quantities of material, which
currently has little value. The challenge of holding heathland in a variety of successional stages on a large
scale for the benefit of biodiversity and landscape restoration could be turned into an opportunity.
Biomass from heathland if harvested, stored and processed in an appropriate fashion has the potential to
be a highly abundant, diverse and natural resource which could be used as a feedstock for energy
generation. Due to the similarity of certain feedstocks, such a management approach would also have
application to woodland habitats.

2.3

Current Practise

There are currently two broad approaches to heathland management in the UK; restoration of degraded
areas and maintenance of established sites. With either scenario management of the resulting habitat is a
necessity. Grazing of heaths is common practise but on its own struggles to arrest the succession on
established sites and will not facilitate the restoration of degraded ones. As a result cutting plays a large
part in heathland management. Cutting is currently undertaken both by hand and mechanically, with the
resulting biomass predominately burnt in situ. There are some exceptions to this, where the conversion of
biomass in to ‘products’ has been trialled, but never through to a successful conclusion that could be
adopted by site managers. Management of the existing UK heathland area is a challenge, resource
hungry and costly, largely due to inefficiencies in management techniques, lack of an end product and a
joined up end to end approach.

2.4

The Challenge

As with many areas for conservation, size and scale are important, and is often what has been lost, with
habitats in the UK fragmented and disparate. As an example the Dorset heaths use to stretch from the
River Avon in the east to Dorchester in the west, broken only by the valleys of the rivers in between. Now
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the scene is a very different one; the heaths cover only 15% of their former area and are in fragments,
separated by new land uses - poor quality agricultural land, large urban areas and conifer plantations.
Future restoration objectives are to restore heathland areas like this on a landscape scale, by connecting
disparate sites and restoring degraded areas.
However to do this effectively and to achieve a level of sustainability, management practises which are
both efficient and productive, will need to be developed. To preserve their presence in the future one
solution would be to return heathlands to the productive habitat they once were.

2.5

The Potential

Lowland Heathland resource in the UK:

England

Scotland

Wales

Northern
Ireland

United
Kingdom

61%
58,021 ha

20%
19,023.ha

13%
12,365 ha

6%
5,707 ha

95,116 ha

The different vegetation species which make-up a ‘typical heathland’ are ideally managed on a rotation.
Typically heather is harvested on a 30/40-year cycle, and gorse on a 15-year cycle, for which material is
cut and removed, to prevent litter and nutrient build up. However, more invasive species such as bracken
are often cut and removed annually to help control dominance.
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3. Review of Previous Studies
A limited amount of work has been undertaken looking at the potential use of dry conservation biomass
for fuel, with the Forestry Commission having probably made the most progress. Mixed results can be
drawn from the studies that have been undertaken; however they provide important lessons learnt and
good foundations on which to build.

3.1

Harvesting

Unlike wetland habitats, harvesting materials from heathland, does not typically present access and soft
substrate challenges. But there are similarities in that many of the harvesting practices produce loose
arisings which are difficult to dry to process into quality fuel. Cutting is mainly carried out using flail
mowers and swipes, and arisings are collected by the mowers or separate collectors. Agricultural forage
harvesters and balers are used to produce heather bales in the New Forest, but are limited to more
uniform vegetation. Machinery options for the widest variety of vegetation are swipe and light mowercollector, mulcher-collector, and the biobaler mulcher-baler. These systems have the ability to cope with
woodier material such as gorse, scrub, and tree regeneration. (Price, 2012).
There are certainly a number of mechanical harvesters that can cut and collect material, however as with
other conservation biomass, the desired afteruse needs to be the main consideration as to which
methods are employed. The importance of harvesting the material in the right form and under the right
conditions if it is going to be used for energy production cannot be stressed enough. This may need a
change to the way conservation management and the biomass produced is undertaken, which up until
recently was always seen as a problematic material with little to no value. With the ability to now turn this
material in to energy, this biomass must now be treated as a feed stock, with respect and a worth. No
longer can it just be stashed in a corner, without cover or protection and left to rot and degrade, it needs
to be stored correctly as it has a value as the energy feedstock of the future.
If possible and site conditions allow, harvesting the material in the preferred condition for the determined
after use is most desirable. However if this is not possible then at least a consideration of how this
condition can be attained in the future and what conversion process the material needs to go through
would be beneficial.
Time of biomass harvest also needs to be considered and may alter the treatment of the material in the
future and could even determine the energy conversion process which can be used. This to a certain
extent may be determined by conservation objectives; however weather conditions also fall into this
category. As when managing reedbeds by hand dry weather is sort to enable the material to be collected
and burnt, harvesting biomass for bioenergy needs to be planned in the same way. Some conversion
systems are more flexible than others and the options are described later, but again planning the end-toend process delivery enables efficiency and reduces cost and labour input.
Cutting biomass at different times of year can provide marked differences in its characteristics and its
suitability for the conversion processes. For example in relation to combustion in 2010 Ash undertook
moisture comparison studies with common reed harvested in Sweden, the Danube Delta and from the
Tay Estuary and he found that all showed a steady decline in the moisture content as the season
progressed from May through to April. In these cases the reed was either being harvested for thatching or
biomass combustion and harvesting was of the stems only (with panicles) with no litter collection. It was
found that during January to April the moisture content of this material was typically around 15%.
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In comparison trials undertaken in the Norfolk Broads using the Wetland Harvester, which cut and
collected the whole crop including the wet litter, the biomass had high and sustained moisture content
levels throughout the season at around 50% or more. Ash concluded that, the optimum time to cut and
achieve acceptable moisture content levels for combustion was January to April. Harvesting of the stems
only was preferable as too much litter resulted in increased moisture content.
Whereas for anaerobic digestion Viswa Raj Akulain in his study undertaken in Sweden found that
harvesting common reed in October for biogas production, produced higher amounts of gas compared to
that harvested in August. His studies showed that there was a big difference in the amounts, with October
producing the highest amount of gas at 107.9 l/kg wet weight compared to reed harvested in August
which produced 60.6 l/kg wet weight. These findings were surprising as it would be expected that a later
harvest may lead to material having an increased lignin content (Larter, 2001) which it is thought to have
a negative effect on gas production.
Understanding the different conversion technologies available and their relationship to the types of
biomass harvested off reserves and the time of year of the harvest is essential in making the right
selection for each situation. This may also be linked to issues such as:
•
•
•
•
•

The need for energy locally.
The proximity to a grid connection
Local markets and demand for energy products.
The area to be harvested and the amount of biomass available
Available space for storage and application.

For each conversion technology the material will need to be in a certain physical form, so for example for
briquette production the material needs to be dried down to less than 20% moisture content to maximise
its calorific value. Size of chopped material is also important, and may avoid double handling in the future.
Harvesting using a machine that can produce a double chop particle size or smaller will help processing
in a twofold way: it will enable more material to be collected in the harvester collection bin at any one time
and it will reduce the need for further shredding before the material is briquetted. Storage of the material
is also affected by the form in which the material is harvested. If being compacted into a store then the
smaller the pieces the less space needed. However if it is being stored to enable drying, whether naturally
to equilibrium moisture content, or through air circulation to achieve less, then a larger particle size, which
provides structure to allow and facilitate air movement is preferable.
The characteristics of the biomass itself will often have the final say in which conversion techniques can
be employed to turn it into energy. For example it is widely accepted that in principle woody biomass is
not generally suitable for anaerobic digestion. The ability to break down the lignocellulose content of
material is the governing factor and so the extent to which material contains lignocellulose will have an
impact on this.
Heathlands have the added challenge of potential material contamination, through objects such as
stones, flint pieces and more commonly sand, all such items will ‘interfere’ with biomass performance and
could significantly damage harvesting and conversion machinery. The extent of contamination will be
affected by the type of harvesting machinery employed; those which cut close to the ground’s surface and
use a ‘sucking/blowing’ collection method can draw more unwanted items with the desired biomass.
However there are cleaner mechanisms which can be employed.
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In studies completed by the Forestry Commission in 2010 and 2011 it was found that the method of
harvesting the raw material (a tractor mounted mower) was likely to have contributed to soil
1
contamination, detrimentally affecting pellet quality. (Little, 2011) . The study found that contamination
skewed many of the biomass characteristic tests and was felt to be responsible for significantly reducing
the calorific value and increasing the ash content of the tested sample pellets made from heathland
materials. So much so tests on gorse and heather were repeated in a follow up study the following year,
which actually used hand cutting as the method material collection to help guarantee it was not
contaminated.
Brackenburn Ltd use contractors using conventional equipment with tractors pulling cutters and balers to
harvest their bracken later used to produce pellets. They have used two sizes of bales which were of
approximately 400Kg and 700Kg. Baling is the chosen method of cut and collect as it is felt to be the most
efficient and economically affect process which minimises the carbon footprint.
In 2012, Woodcock and Stephens in their report ‘Potential biomass supply from local heathlands for
energy’ put together the following machinery options:

1

Assessment of the use of gorse and heather arisings a feedstock for commercial pellet production, 2011
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Woodcock, M and Stephens P, 2012. Potential biomass supply from local heathlands for energy
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Woodcock, M and Stephens P, 2012. Potential biomass supply from local heathlands for energy
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Woodcock, M and Stephens P, 2012. Potential biomass supply from local heathlands for energy
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3.2

Yields and Volumes

As with all biomass types, assessing yields and volumes of different habitats is susceptible to a
number of different variables and very difficult to do. They can be affected by issues such as
substrate type, geographical location, seasonality, age and previous management regimes. Below
provides a summary of different findings through different studies that have been undertaken.
RSPB’s Dorset Heathland Project, (now Ecological Services), produced the following estimations
for scrub after c.20 years of heathland management activity over 1,300 ha in south east Dorset.
Heathland condition
Scattered scrub
Medium Scrub
Dense Scrub

% scrub cover
<50% cover
50-75% cover
>75% cover

Average volume (cubic
m/ha)
21
37
54

Frequency of
management
5
10-15
More than 15

The volumes in the third column represent the average quantity of woodchip generated per hectare
of heathland, but this only refers to ‘lop & top’ (which generally includes logs up to c.8" diameter).
Any logs exceeding c.8" diameter were normally cut to length and stacked at trackside. These could
no doubt also contribute substantially to any biofuels output. It was not possible to accurately
determine the volume of woodchip generated from these logs for each scrub category as it was
dependent on tree size not density and was transported whole and chipped away from site.
However, as a rule, almost all of the material arising from routine management of scattered scrub
were chipped, but management of heathland that had been left unmanaged for longer would
produce increasing volumes of logs in addition to the volumes of chipped material given above. As
the table indicates, scattered scrub would normally need to be cleared on a c.5 year rotation, which
was an ideal rotation for routine management of heathland habitats. Medium scrub tends to develop
on heathland that has been left unmanaged for longer. The dense scrub category was getting into
the territory of heathland restoration, rather than management, and therefore only really applies to
land that has been left unmanaged for over 15 or 20 years.
The RSPB suggested (2006), that the Dorset heathlands could conceivably provide a woodchip
resource of 34,310 cubic metres per year or 8,500 fresh tonnes (50% MC). This is based on an
average volume of 21 cubic m/ha of woodchip produced from scattered scrub over a 5 year
management regime and includes brash and logs up to 20cm in diameter. However, the figure does
not include logs exceeding this size and the volume of such material can be significant, especially
heathland that has been left unmanaged for 15-20 years.
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Woodcock and Stephens 2012 estimated heather biomass arising from sustainably managed
heathland:
Volume of cut
heather
m3 per hectare

Proportion of
solid matter
%

100-150

35

Heather density at
40% moisture content
(as a proportion of
overall weight) - kg/m3
350

Weight Tonnes per
hectare
21-32

Energy density kWh per
tonne at 40% moisture
content (as a proportion
of overall weight)
3,500

Kirkham et al., undated; Moors Partnership, 2012 - Heather biomass is changeable and difficult
to exactly assess. Moorland work conducted throughout the UK suggest likely volumes of cut
heather to be in the range of 100-150 m3/ha with a solid matter proportion of c.0.35. This equates to
21-32 t/ha assuming heather density of 350 kg/m3 and 70% moisture content.
Drake-Brockman, 1998 - Dense bracken was found to yield 24.6 t/ha, producing 287 m3/ha of
loose cuttings. Site ranges of green weight for heavy bracken were between 24 and 30 t/ha, and
c.19 t/ha in moderate stands. Moisture content for bracken was found to have a mean of 70%.
Hanbury-Tenison, pers. comm. - Mixed heath produces 40 bales per hectare, equivalent to 20-24
t/ha of gorse, heather and bracken. Previous studies and industry experience suggest that a yield of
20- 30 t/ha is typical.
Price in 2012 concludes that the highly variable nature of heath vegetation was found to influence
volumes of harvestable biomass. Previous studies and industry experience suggest that a yield of
20-30 t/ha is typical; however this will vary with site conditions and previous management. The
return period for heath sites will also be dependent on site and vegetation type. Successive annual
cuts can be economically viable for 5 years in bracken; however, heather cutting cycles are likely to
be 8-10 years on fertile sites and 20-25 years on infertile ones. Time of harvesting influences
moisture content of the vegetation. Harvesting after autumn die-back has been found to take
advantage of lower moisture contents. The calorific value of arisings is predominantly controlled by
moisture content, but found to be comparable to conventional woodchip: calorific values for gorse,
heather and spruce at 10% (m.c.w.b.) were found to be 16.7 MJ/kg, 17.4 MJ/kg, and 17.3 MJ/kg
respectively.
Corton, etal, 2012 found that published experimental results showed that mixed whole crop grasses
yield 310 m3 CH4 tonne-1 VS, bracken harvests produce 233 m3 CH4 tonne-1 VS and mixed
species Welsh verge cuttings produce 270 m3 CH4 tonne-1 VS (Salter, 2007). These results were
broadly in keeping with the range of 212-253 m3 CH4 tonne-1 VS estimated in their 2012 study. The
slightly lower values of their study may indicate a higher proportion of recalcitrant species (Juncus
effusus, Pteridium aquilinum, Vaccinium myrtillis and Molinia caerulea) or the presence of easily
digestible lowland grass species in the literature estimates.
Corton etal reported that converting CH4 per tonne of biogas into calorific value can be achieved by
assuming that 1 m3 of CH4 is equal to 10 KWh while the conversion efficiency of methane to
electricity is assumed to be 37 % (Holm-Nielsen, 2004). However, more conservative estimates of
10-16 % are described in other work (McKendry, 2002). They employed a median efficiency figure
from these estimates at 23.5%.
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Floristic characteristics and biomass mean yield of six Welsh semi-natural habitats harvested
annually in triplicate sub plots over a three year period (2009-2011). Broad Habitat types are as
defined by the UK Countryside Survey. For site 4 the 2010 yields were not included and for site 6 the
2011 yields were not included because the plots were grazed in those years due to inadequate
fencing.
Site
1

Broad habitat
Neutral grassland

Dominant species
Molinia caerulea, Juncus acutiflorus,
Agrostis canina
Juncus effuses
2
Fen, marsh, swamp
Juncus effuses
3
Acid grassland
Vaccinium myrtillus, Nardus stricta,
4
Acid grassland
Festuca ovina
Pteridium aquilinum
5
Dense bracken
Nardus stricta, Festuca ovina
6
Acid grassland
*Mean from all sites and years (2009-2011).

Yield (t DM/ha/annum)
3.05
3.15
4.01
3.40
3.31
1.97
3.21*

Lake and Cruickshanks in 2013 worked with the RSPB to assess yields of degenerate gorse and
they quoted the following:
RSPB chipped 0.42ha of degenerate (12+ years) gorse, which had been cut 6 weeks previously by a slew
operating a circular clearing head (as using a clearing saw brushcutter attachment and left piled on site.
This yielded 2.4 tonnes of chips, (weighed on a weighbridge) filling one 10 tonne grain trailer (around 15
cubic metres). This suggests an average of 5.7t/ha. Although this is lower than figures suggested
previously, the gorse had both dropped needles and dried out during the period in which it was cut and
left on site. Allowing for 10% decrease in weight due to needle drop, and 50% decrease due to moisture
loss arrives at a figure of 12.54t/h
Unfortunately there are a number of details missing in this assessment, for example the moisture
content and the bases of the assumptions made are not provided. They went on to provide the
following figures for heather:
Site
Arne, Dorset

RSPB
Environmental
Services
FC
New
Forest

Management
action
Forage
harvesting
Mowing/failing
Forage
harvesting
Heather
cutting
baling

Area
(ha)
6.04

Est Quantity
(cu m)
169.12

4.62
1

129.36
150

Est
Quantity (t)

28
150

11.7
and

Mean vol
per ha
28

Notes
Based on 2 trailer
loads per 0.5ha
Based on 8-12 10T
trailer per ha

68.4
(baled)

Brackenburn Ltd (2013/14), a company currently producing pellets from bracken anticipate that
they can harvest c5,000 tonnes annually from 5,000 acres. This equates to 2.47 tonnes per hectare.

16

Worrall and Clay in 2014 looked at the
potential use of heather as a bioenergy
crop and deduce from their research that
late stage degenerate heather can have
an energy value of 18MJ/kg and from
their calculations taking an average
across the UK estimate a yield of around
2.1 tonnes/ha/year.
In comparison to all other figures this is a
very low tonnage per hectare, but this
may be attributed to their approach on
looking at the changes in heather
productivity depending on altitude, which
is illustrated by the graph below. The
regions referred to 1 to 10 are explained
opposite.

Worrall and Clay drew the conclusion from their study that heather would represent an efficient
energy crop in areas where it would not be possible to revert to functioning peat bogs. When
1
considered across the UK the potential energy production was up to 40.7 PJ yr and the potential
1
greenhouse gas saving was up to 2061 ktonnes CO2eq yr if the all heather could be brought into
production and substituted for coal.
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3.3

Drying/storage and moisture content

Very few references were found in relation to drying and storage of heathland materials however it is
continually remarked on how significant moisture content is in relation calorific value. The significance of
the moisture content of a material will depend on the conversion process being used. Basically if you are
combusting the material the wetter the material the less calorific value it will have as the first part of the
burning process will be drying the material out before it can then be converted into heat. The moisture
content will also affect the ability to process/convert the material for example briquetting of biomass at
higher moisture content than 20% is generally not advisable and may damage the equipment being used.
This is particularly the case if the material is being compacted through pelleting or briquetting for
combustion, when moisture which is present during the process of compaction can result in steam
explosions. (Please see Section 11 on briquetting). Drying and storing the material in a dry state is
therefore important particularly for combustion.
In 2011, Little reports that a low moisture level in pellets for biomass boilers is important as the higher the
moisture level the lower the calorific value. This is because a higher proportion of the energy in the pellets
is used to evaporate the moisture and therefore not used for heat for the end user. The moisture content
of the all the gorse pellet samples was well within the maximum allowed moisture level of 10%. The
moisture level of the heather pellets was slightly above the 10% upper limit. This can be prevented by
ensuring that the raw material has been more thoroughly dried prior to pelletisation.
In his study of 2011 in order to bring the material into the desired condition for pelleting, Little chipped the
gorse and heather into separate bulk bags, hammer milled and fed the material through a dryer to reduce
the moisture content to approximately 12% to avoid possible steam explosions during pellet production.
Brackenburn Ltd discusses the importance of moisture content in their work in converting bracken into
pellets. They state that during their development work they have found that moisture content is extremely
important for several key reasons. Unsurprisingly, it is not only an important factor with regards to the
calorific value, but also with regards to other characteristics such as the temperature that ash starts to
fuse. There are several significant benefits to ensuring a moisture content of 12% and less, both for the
raw material before it is turned into pellets and for the pellets themselves. Their target moisture content
for production is now set at 15% for final product. The company are currently looking at finding both
economical and eco-friendly ways of drying the bracken in order to produce a high performance biomass
fuel.

3.4

Conversion techniques

All research to date that could be found on the conversion of heathland biomass into bioenergy
feedstocks, has focused on pellet production. As a result in relation to heathland/woody biomass
characterisation work focuses on combustion trials and can be presented under the headings below:
Pellet production
In 2011 Little trialled four different mixes of material for each of the gorse and heather pellets as follows:
1. 100% gorse/ heather
2. 90% gorse/ heather: 10% oak sawdust
3. 80% gorse/ heather: 20% oak sawdust
4. 60% gorse/ heather: 40% oak sawdust

18

He found that all four mixes of gorse produced good, hard, robust pellets with little dust. The heather
pellets were shorter and less durable with a significant amount of dust. This was because the pellet die
used in the trials was not of sufficient compression. Where the material is pushed by a roller through the
6mm holes in the pellet die if the parallel length of the holes is longer (i.e. a thicker die ring) the material is
more highly compressed. This results in a higher temperature, which in turn melts the lignin in the raw
material which binds the particles together to form a robust pellet. The shorter and less durable heather
pellets achieve a durability of between 90-95% (the higher the proportion of oak within the pellet, the
higher was the durability). By using a pellet die with higher compression holes (achieved by altering the
hole geometry) the durability of the pellets would be improved and the heather pellets brought within the
specification of 97.5% required. This was demonstrated in the 2010 research where a high compression
die (a different pellet press to the recent trials) was used and the heather pellets produced were of a good
resilient quality and achieved 99.3% durability. He concluded for the commercial production of heather
pellets it would be necessary to use a high compression die.
Durability is important as if the pellets are likely to fall apart the resulting ‘dust’ will ultimately cause pellet
store/boiler screw augers to jam and the boiler to fail. High dust content also reduces the density of the
pellets and can starve the boiler of fuel. The durability of the gorse samples were acceptable within the
standard required for all grades of pellet under EN Plus, except for the 100% gorse sample which
achieved 97.4% durability (97.5% is acceptable). This would be improved by screening the pellets when
exiting the pellet press, meaning that the smaller less durable pellets would be filtered out, improving the
overall durability of the main bulk of pellets.
Pellet specification
To comply with the EN Plus specification pellets should be either 6mm or 8mm in diameter with a
maximum allowed variance of 1mm either way. Pellets should be no less than 3.15mm long – otherwise
they are regarded as ‘fines’, of which there must be no more than 2.5% (the criteria of 97.5% durability).
No more than 1% of the pellets should be longer than 40 mm and there is a maximum allowed length 45
mm. Pressing agents or additives to improve fuel quality, to decrease emissions or to boost burning
efficiency are allowed to make up a maximum 2% of the total mass.
During Little’s 2010 trials no additives were used – pellets were 100% gorse, rhododendron or heather,
notwithstanding any additional substances which might have entered the raw material during the
harvesting process. In terms of bulk density the EN standard stipulates a minimum density of 600 kg/m3;
all pellets measured were between 650-700 kg/m3 and well within the specification.
Calorific value
As mentioned previously, the moisture content of material when using combustion as a conversion
technique significantly effects the calorific of any biomass. The rule of thumb is that the drier the material
the more heat that will be generated. This in turn effects amount of fuel needed to deliver heat demand
and so has repercussions on space needed to transport and store the biomass. In 2010 Little quotes that
‘heating oil has an energy density of approximately 10 kWh per litre, compared to a typical value for wood
pellets of 4.8 kWh per kilogram.’
From the trials undertaken in 2010, Little found the following calorific values at 10% moisture content:
• Gorse pellets 16.7 MJ/kg
• Heather pellets 17.4 MJ/kg
• Rhododendron pellets 17.32 MJ/kg
• Spruce wood pellets 17.3 MJ/kg
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It was these results which raised the issue with regards to harvesting and contamination as the
expectation from previous research was that gorse would demonstrate a high calorific value of in excess
of 20 MJ/kg. Little concluded that ‘The fierce burning characteristics of gorse and the fact that gorse was
often used in bread ovens for this reason are commonly reported. This is attributed to the high
concentration of volatile oils in its foliage and branches. The low recorded value therefore indicates that
soil contamination may be responsible for significantly reducing the calorific value and increasing the ash
content of the tested sample pellets. This could be improved upon by adopting ‘cleaner’ harvesting
methods.’
In the 2011 work the effects of mixing the biomass with oak sawdust also had to be taken into
consideration as the value of the gorse pellets had a tendency to reduce slightly as more oak was added.
It was felt that this is indicative of hardwood being slightly lower (approximately 5%) in calorific value by
weight (not volume) than softwood, as evidenced from laboratory tests for Harvest Wood Fuels. However,
anecdotal evidence from Harvest Wood Fuels’ customers is that it burns more slowly and therefore lasts
longer.

3.5

Characteristics

Ash levels
When burning non conventional materials, production levels of substances like the ash during combustion
need to be known. Both to enable a boiler to be used that has ash emptying, but also one which can deal
with a potential build up of clinker, which is a material produced a result of ash melting, in the boiler. It is
also the case that high ash levels can have an effect on calorific value.
Through his pellet trials in 2010 and 2011 Little found the following:
• Gorse pellet - the ash level for the four samples of gorse pellets all were within the maximum
acceptable limit of 0.7%, for grade A1 pellets. There was a slight reduction in the ash content (from
0.7% to 0.6%) for the gorse pellets mixed with oak sawdust. It seems that using just the gorse stem,
cut with a chainsaw and not gorse harvested using a tractor mower as in the 2010 study, has
dramatically reduced the ash content, which measured 6.6% in 2010. This is most likely to be due to
the elimination of soil contamination which is non-combustible, but may also be related to the fact that
just the woody stem and not the needles and foliage were used in the pellet trials.
•

Heather pellet – from the 2011 trials the ash level was 1.6%, similar to the 1.7% measured in the
2010. This is above the 0.7% maximum level required for grade A1 pellets and the 1.5% required for
Grade A2, but within the upper 3% limit specified for Grade B pellets. It is interesting to note that as
the quantity of wood mixed with heather increased the ash level of the pellets reduced, down to 0.9%
for the 60% heather 40% oak mix. All heather mixes with wood were within the 1.5% ash limit
required of a Grade A2 pellet and it is likely that a 50:50 mix of heather and wood sawdust would
come within the 0.7% limit for a Grade A1 fuel pellet. It is also likely, as with the gorse in the 2010
study, that the harvesting method employed for the heather contributed to higher ash levels, as it was
mown using a front mounted tractor mower and then collected by a baler. This method also collects a
significant amount of soil and any other vegetation growing amongst the harvest. However it is
questionable, given the herbaceous nature of heather, whether if a cleaner method of harvesting
were employed, ash levels would be within the 0.7% required for grade A1 pellets.
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•

Rhododendron pellet – from the 2010 trials the ash level was 0.7%, equal to the maximum allowed
level for grade A1 pellets. This is despite the fact that the rhododendron was pelleted with the bark
on, which increases ash levels

These results demonstrate the significance of contamination of the biomass and may well affect the
economic viability of the process, unless a harvesting method for heather and gorse with the same
through put as mowing, which doesn’t collect soil and undesirable by-products can be found.
Ash softening temperature
Materials with a low ash softening and melt temperature cause clinker build up in the biomass boiler; this
happens when high concentrations of potassium and chlorine melt and fuse with silica. This hard ash and
clinker can affect boiler performance, however new boilers are now being designed to cope with different
materials which may be more susceptible to lower ash softening temperatures. These can be in to the
form of moving grates, boiler liners and automatic ash emptying systems. New gasification boilers are
more effective at dealing with biomass fuel with lower ash melt temperatures as they can achieve more
efficient combustion through re circulation of gases and air.
Little achieved the following results in 2011:
• Gorse pellet - the ash softening temperature varied between 1,140 and 1,190 ºC; this is lower than
the minimum specified temperature for an A1 pellet of 1,200 ºC but above the A2 and B-grade level of
1,100ºC. While the ash softening point for the gorse pellets measured below the temperature required
for the highest pellet grade it is only just below (the 9:1 mix with oak was 1,190ºC) and is unlikely to
cause significant clinker problems in pellet boilers. Pure oak pellets for instance tend to soften at just
over the minimum temperature of 1,200 ºC.
•

Heather pellet - the ash began to soften at just below 1,100ºC - below the required temperature for
Grade A2 and Grade B pellets.

•

Rhododendron pellets - softened at 1,010 ºC, below this specified level.10 - Pellets with and causes
the boiler to fail.

Sulphur levels
High sulphur levels result in the formation of sulphuric acid which is harmful to internal parts of the boiler.
The burn chamber/ crucible in particular, is rapidly corroded as a result of contact with sulphuric acid.
Sulphur dioxide is also thought to be one of the main compounds involved in acid rain and the
acidification of soils and waterways.
From the work Little has done on pellets he found:
• Gorse pellets - all four samples the sulphur levels were within the maximum acceptable limit of
0.03%, for a grade A1 pellets. There was a slight reduction in the sulphur (from 0.03% to 0.02%) for
all the pellets produced with gorse mixed with oak sawdust. This compares to a relatively high level of
sulphur (0.8%) in the gorse pellets produced in the 2010 study.
•

Heather pellet – the sulphur levels for all the samples except the 60:40 oak mix were higher than
maximum recommended level of 0.04% under the EN standard. The 60:40 oak mix achieved 0.04%,
and therefore a Grade B pellet standard. As with the ash level for the heather pellets is likely that a
higher proportion of wood sawdust (possibly a 50:50 mix) would reduce the sulphur level to an
acceptable maximum level of 0.03% required for a Grade A1 or A2 pellet standard.

21

•

Rhododendron pellets - the sulphur content was well within this level at 0.02%. It is likely that the
relatively high sulphur content of gorse and heather is due to the high proportion of green matter as
opposed to just stem wood in the case of the rhododendron.

He concluded that sulphur occurs naturally in the soil and it stands to reason that the higher the soil
content the higher the sulphur level in the pellet samples produced. This is demonstrated by the fact that
the sulphur content of the gorse pellets produced in the 2011 study was significantly less than the content
of the 2010 samples, which had a high level of soil contamination, due to the harvesting method
employed.
It worth noting that these sulphur levels are lower than typical levels for energy crops such as miscanthus
or virgin straw or grass materials with typical sulphur levels of 0.1 - 0.2%. These types of biomass tend to
be used in much larger burners in power stations or industrial situations, which are more robust and able
to cope with a lower grade of pellet.
Nitrogen level
Burning biomass as a fuel does result in the release of some nitrogen oxides, which are greenhouse
gases. For this reason the EN standard specifies maximum nitrogen quantities permitted for the different
standards of pellet. When considering the nitrogen emissions from burning biomass fuels it should be
recognised that these are generally comparable to those from burning fossil fuels. Also many biomass
boilers have become more sophisticated and, although more expensive, it is possible to use ceramic
filters to reduce harmful emissions such as nitrogen oxide. If the material would have been burnt as part
of a landscape management programme the net emissions would be the same but the heat energy
produced is not being utilised.
Little’s work in 2010/11 revealed:
• Heather pellets - the level of nitrogen was measured at between 0.55 to 0.67% (with a tendency to
reduce as the proportion of oak increased). This is higher than the minimum level of 0.3% for grade
A1 and 0.5% for A2 pellets but below the 1% maximum level for grade B pellets.
•

Gorse pellets - the nitrogen level was between 0.45% and 0.56%. The level in the 2010 samples was
1.28% which again demonstrates the high soil content, as nitrogen occurs in the soil. The lowest level
of 0.45% for the 80:20 gorse/ oak mix is below the maximum allowed level of 0.5% for Grade A2
pellets, but higher than the A1 limit of 0.3%. The other three pellet samples were all above this level
and conformed only to the standard required of a Grade B pellet.

Inexplicably, (as in pure oak pellets nitrogen levels are typically 0.05%), the level of nitrogen in the 60:40
oak mix was higher (0.52%) than the 80:20 mix. This is thought to be due to the gorse and oak not being
thoroughly mixed in this sample and it is likely that a higher proportion of wood thoroughly mixed in would
reduce the nitrogen level further.
−

Rhododendron pellets - the nitrogen level was 0.39%, below the maximum 0.5% level specified for
grade A2 pellets

Chlorine
The final substance which Little considered during his 2011 trials was the chlorine content. The EN
standard requires that for a Grade A1 or A2 wood pellet the chlorine content should be no more than
0.02% by dry weight and for a Grade B pellet 0.03%. This is because high levels of Chlorine in the flue
gas emissions can give rise to corrosion on a boiler’s surfaces and the formation of dioxins.

22

His results revealed that:
Gorse pellets - showed that the Chlorine level for all of the samples was 0.04%, above the EN maximum
Heather pellets - the Chlorine level of 0.03% was measured. This is within the maximum allowed level for
a Grade A2/B pellet but not the 0.02% level for a Grade A1 pellet, which all the samples with an oak mix
did conform to.
He concluded that the possible reasons for the high Chlorine level in the gorse pellets were associated
with high bark content and/ or the origin of the wood is from a coastal location and it has been exposed to
sea salt through rain and wind.
The gorse stem used did have bark attached and as gorse stem has a small diameter the relative bark
content is likely to be higher than most types of wood. However the typical Chlorine level in both soft
wood and hard wood bark only is 0.02%, so it seems unlikely that high bark content would explain the
0.04% level measured in the gorse pellets. More likely is the fact that the gorse harvested for the current
research was taken from a site in the New Forest within 10 miles of the coast. Other possible reasons
generally for high chlorine levels are: contamination during storage/transportation by road salting and the
presence of preservation chemicals, but neither of these are plausible explanations for the samples
tested in the research.
Brackenburn Ltd currently uses a pelleter which has been set up to produce 6mm diameter pellets, as this
is one of the most common sizes for pellet boilers. Producing consistently high quality, high performance
pellets is as much an art as it is a science or technology. Brackenburn Ltd are still in the development
stage and continue to work on an optimal pellet, which is directly impacted by moisture content and the
possible addition of small quantities of other organic compounds. As part of this process they have
experimented with two different methods of shredding - using a large agricultural shredder that takes a
bale at a time and a chipper normally used to chip branches, hedges, etc. They found that the chipper
produces better results and although it requires more labour, it is currently their preferred option.
The material then needs to ground as although they have found that it is possible to produce pellets
directly from bracken that has been shredded, it seems we can provide better quality pellets by passing
the shredded material through a grinder that turns it into quite a fine powder.
Brackenburn Ltd has sampled their bracken pellets in two different independent testing organisations, one
in Scotland and the other in North Wales. The results confirm that bracken is likely to make a very good
biomass fuel and that bracken when harvested (when brown & dead) in the autumn has a clean bill of
health. No carcinogens were found in the samples, which is as expected given that the raw material is
harvested once the plant has died (i.e. is brown). In the past, academic research has found the presence
of a carcinogen in green samples of bracken, particularly when the plant is sporing, but the same
research has found no such presence once the plant has turned brown. In addition, comprehensive
analysis was undertaken by staff at the Forestry Commission Research Station in Hampshire in 1994.
This also demonstrated that provided bracken is harvested once dead then there was no likelihood of the
presence of Ptaquiloside or its analogues as there is when bracken is green and particularly when it is
sporing and a result when dead no carcinogens were found.
As part of the Brackenburn feasibility project, a biomass pellet boiler has been installed, which is running
side-by-side with a conventional oil-fired boiler to compare the ease of use and the cost of running and
maintenance of both systems over all 4 seasons. Whilst the boiler was designed primarily for wood
pellets, it has been found that only higher quality (and more expensive) wood pellets work well. Bracken
pellets are also being combusted and have been found to be effective. Moisture content is a key indicator
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of performance and now, through experience, they have a target moisture content for pellets of 12% to
ensure a consistent high quality product. In addition, results of the independent analysis confirm the
beneficial effect that Bracken ash has in horticulture with 64% potash content making it a very useful
natural fertiliser.
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4. Project Aims and Objectives
4.1

Aims

To further the work initiated with the Department of Energy and Climate Change (DECC) which is
currently looking at the conversion of underutilised wetland biomass harvested off reserves into an energy
product. To build on and develop this work through collating lessons learnt to date from the limited work
already undertaken on dry conservation biomass and conduct trials on different materials, such as
heather, bracken, gorse and scrub, harvested from non-wetland reserves to fill in the knowledge gaps. To
transfer the techniques and innovation being developed through the DECC project to inform and assist
trials on heathland and woodland habitats. The aim was to broaden the knowledge base, maximise the
benefit of the DECC work and facilitate the conversion of all reserve biomass into energy products. This
would provide greater options for reserve managers of both wetland and dry reserves to both reduce
fossil fuel use and begin to provide the knowledge needed to generate an income stream through the
development of a payment for ecosystem services (PES) scheme. The results of this work will then feed
directly into the work being developed with DEFRA on the delivery of biomass to bioenergy through a
PES approach.
The project will build on the findings from previous studies and look to further this work so that it presents
a more rounded and complete picture of the options available for dry biomass generated from habitat
management works.
The harvesting techniques developed through the DECC project will be applied to heathland habitats, so
that an understanding of their capabilities, inefficiencies, and appropriateness can be gained.
In comparison to previous work it will look to briquette material, producing a product which is more
versatile, both in its use but also its production.
The technique of bio-charring will be explored as a conversion technique, to increase bulk density and
reduce volume, which enables the processing and movement of small amounts of material and to
increase calorific value of the final product and to control emissions and other problematic bi-products.

4.2

Objectives

To undertake heathland and woodland harvesting trials by using specialist equipment to cut and collect
the material in a dry a condition, whilst delivering site management objectives.
1. To test material harvested for moisture content, calorific value and composition.
2. To trial processing and storage techniques and explore sustainable drying systems, through
processes such as bio-charring and AgBagging, to enable the maximum amount of cut material to be
used.
3. To investigate appropriate options for conversion into an energy product to reduce fossil fuel use and
for possible income generation to fund future habitat conservation work nationally.
4. To disseminate knowledge and experience gained to enhance wider habitat management on a
landscape scale.
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5. Trial Locations
The trials were undertaken in south east England on two different sites in the Sevenoaks area to facilitate
the delivery of a demonstration. Pembury Heath, part of the RSPB’s Tudeley Woods reserve, was used
for the harvesting trials and Kent Wildlife Trust’s Sevenoaks Reserve was the location for the conversion.
th
The site for the conversion trials was cleared on the 24 November, with trial work being undertaken on
th
th
the 25 and 26 November.

5.1

RSPB Tudeley Woods Reserve

The extensive and secluded Tudeley Woods RSPB site is one of the largest remaining blocks of seminatural ancient woodland in south east England, and a refuge for a wide variety of birds. The Wealden
Heaths and High Weald form the Greensand Natural Area, in which lowland heath is the most
characteristic and arguably the most important habitat. Heathland was once very extensive on the
Greensand ridge, though today it is mostly concentrated in West Sussex, Hampshire and western Surrey.
Heathland has developed on sandy and acidic soils which were maintained as open and grazed
landscapes since at least the Bronze Age, when much of the original woodland cover was cleared by
early man for agriculture.
Once an important part of the rural economy, providing grazing land, bedding for stock, and a source of
fuel, heathland has now become a nationally and internationally rare and threatened habitat. It no longer
has a place in the modern rural economy of the Weald and as a consequence has been regarded in the
past as waste land to be ‘improved’ for agricultural use, planted for forestry, used for housing or simply
abandoned, to become invaded by scrub and trees.
Tudeley Woods is a surviving fragment of the historic and well-documented forest of South Frith, a once
extensive tract of ancient woodland now sandwiched between Tonbridge and Tunbridge Wells, and within
the High Weald AONB.
Previously modified by a history of coppicing, plantings and the effects of the Wealden iron industry,
RSPB now manage the reserve in partnership with the Hadlow Estate, which owns the site. Most of the
site is broadleaved woodland, however alongside this; the RSPB has also begun to restore areas of
lowland heath.
The aim is for the areas of lowland heath to be extended to their natural boundaries and work is planned
to restore the fringing semi-natural ancient woodlands. Working with neighbouring partners, it is hoped to
establish a long-term economic grazing scheme. It is anticipated that this will run in conjunction with the
recently acquired Broadwater Warren reserve. Management of the traditional coppices will continue and
plans are to investigate in to the economics of woodland and heathland management, which will include
charcoal and related woodland produce, and the regional development of the bio-fuel markets.

5.2

Sevenoaks Kent Wildlife Reserve

The Sevenoaks Wildlife Reserve a Site of Special Scientific Interest between the M26 motorway and the
town of Sevenoaks, was once Sevenoaks Gravel Pits, in southeast England. A former gravel-pit of
around 71 hectares (175 acres), the site is split evenly between water and land, and attracts a huge
variety of species thanks to its diverse array of habitats. It includes five lakes and a mixed habitat of
ponds, seasonal flooded pools, reedbed and woodlands.
The site was converted from gravel-pit to nature reserve by the Harrison family - particularly Jeffery
Harrison, after whom the visitor centre is named. As a result, the site is almost totally man-made - nearly
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all trees on the site were manually planted, and the lakes and ponds were created by excavating and
flooding former gravel workings with water from the River Darent. As such, the site represented the first
such conversion of a gravel-pit anywhere in the United Kingdom.
According to the notification for the site, the interest of Sevenoaks Gravel Pits is focused on its breeding
bird populations. The combination of water features such as shallows, spits and islands, as well as the
planting of trees and aquatic plants, have provided conditions suitable for both breeding and wintering
birds. The water levels in the lake are managed so that islands and shallows are exposed during spring
and summer, creating feeding and nesting areas for a variety of waders and water fowl.
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Location map for harvesting and conversion demonstrations

Conversion
Demonstration Site
15 miles

Harvesting Site

Sourced from Google maps
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Map of Harvesting Area

Harvesting Area
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Map of Conversion Technology Location

Demonstration Site
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6. Harvesting Equipment
As outlined in the previous sections there are a number of different harvesting machines suitable for
heathland habitats in the market place. The intention of the trials undertaken as part of this project was
not to re-invent the wheel but rather to trial the machinery that had been developed for the wetland
biomass to bioenergy work on heathland materials, both of which supported methods for cut and
collection of loose biomass.
Trials were undertaken with two machines, both of which were tracked, which provided an ability to cope
with steep slopes and also be of low impact on the substrate. By using two machines with different
harvesting approaches, the intention was to explore a little further the contamination issues experienced
by the Forestry Commission in their previous trials. This was undertaken by utilising two different cutting
heads, which employed different collection mechanisms.
The two machines that were trialled were the Pisten Bully Greentech with a precision chop Kemper
header and the Softrak 120 with an Ehlo double chop forage harvester. Both are cut and collect systems,
so with the ability to cut and harvest the biomass in one pass. The Kemper header is a precision chop
machine which mechanically feeds material in compared to the double chop mechanism of the Ehlo,
which relies on draft and suction to collect the material.

6.1

Pisten Bully Greentech

Initial trials with the Pisten Bully Greentech, which is a 330hp German machine developed for ski slopes,
have been conducted on wetland habitats in the south and east of England. A number of vegetation types
have been trialled, including dense 15-year old common reed with a deep litter layer, thick soft rush
tussocks and mixed fen vegetation. The harvester was using a Kemper header (typically used for
harvesting maize) to cut, chop and collect the material into 2cm size pieces with a cutting width of
3
3000mm. All harvested material is then propelled and collected in the 16m bin at the rear, which once full
can be hauled to a collection point for processing.
The machine currently under trial has rubber
tracks with metal cleats, these have pros and
cons. They are excellent for substrates which are
very soft but not sensitive, as the metal cleats
provide the capability of being able to pull the
machine out of soft areas, reducing the risk of
getting stuck. They are designed for coping with
steep slopes, characteristic of many heathland
sites and very typical for chalk grassland sites.
However their aggressive nature means that they
are more likely to cause damage than pure
Pisten Bully and Kemper header
rubber tracks. For heathlands such disturbance
may well be encouraged, but for wetlands and chalk grasslands is less favourable. Rubber tracks and
rubber cleats are available and are planned to be trialled in the future, which would be more suitable for
softer and delicate substrates, but also for smaller areas, when frequent turning is often necessary.
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Key facts
 The machine is 6000mm long, 3,500mm wide 4,200mm high.
 The ground pressure un-laden is 1.4psi, with a base machine weight of 6,700kg and a Kemper
header weight of approx 2,350kg.
 Cutting width using Kemper header at 3000mm
 Reconditioned Greentech machines in 2013 cost £109K

6.2

Softrak 120

A new 120hp Softrak first produced in the UK in 2014.based on the original 65hp machines with rubber
tracks and cleats has been designed to work on soft and delicate ground. Compared to the original
smaller Softrak machines, the higher powered Softrak 120 is fitted with longer Bridgestone rubber tracks
at 600mm wide, which provide a more stable ride which can cope with uneven terrain better. Prior to the
heathland trials it too had been utilised on the same range of wetland habitats as the Pisten Bully. This
3
harvester was fitted with an Ehlo double chop forager, which blows material in to the 11.2m collection bin
at the back. The machine is well balanced and the
collection bin is positioned so that the centre of gravity
is maintained near the middle of the tracks. This aims
to keep the weight evenly distributed when the bin is
fully laden, resulting in lower ground pressure.
To address the over heating issue that was
sometimes experienced with the original 65hp
machines, on the 120hp version there are extra large
intake grills which are designed to catch particles
without causing blockages. The machine is also fitted
with a reversible fan (like the Pisten Bully) to clean off
any debris that collects.

Softrak 120 with Ehlo forager

Key facts
 The machine is 3,799mm long, 2250mm wide and 2568mm high.
 The ground pressure un-laden is 1.35psi, with a base machine weight of 2,900kg and a double chop
Ehlo forager weight of approx 980kg.
 Cutting width using double chop Ehlo forager at 1,700mm
 A new 120hp Softrak machine in 2014 cost £145K

6.3

Champion Kemper cutting head

The Champion Kemper cutting head is a precision
chop and is capable of chopping the material from
30mm down to 4mm, which means that it has the
versatility to present the material in the necessary
form required for the selected after use. This type of
forage harvester will cut the biomass material and
take it through rollers to a chopping fly-wheel. The
size of cut is controlled by the speed of the input
rollers and the number of blades installed. The
Kemper head has a rotary intake which feeds the
Kemper header
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standing material in a vertical direction towards the chopping mechanism, rather than through suction.
This collection action means that limited contamination materials, eg sand, stones or water are taken up.
The material then reaches a high speed chopping wheel with a maximum of 12 blades, which achieves
the chop quality. As a result harvesting is more controlled and material collected in a more predicted
state, eg the moisture content of the material is as per the standing crop. However it has been shown
from the initial trials that the header seems to require dense vegetation and has a tendency to be unable
to cut and collect in thinner stands. In wetland sites it was also found that the mechanism can jam if the
header is taken too low into dense common reed litter and to get a clean cut tends to leave stubble and
litter behind.
The cutting mechanism can be adjusted to achieve different length cut material which is achieved by
altering the number of blades on the cutting wheel and gear selection as per the table below:
Gear
12 blades
6 blades
4 blades

1
4.3mm
8.6mm
12.9mm

2
5.4mm
10.8mm
16.2mm

3
6.5mm
13mm
19.5mm

4
11mm
22mm
33mm

Key facts
 The power needed to operate a precision chop Kemper header is a total of 150hp to drive the
Kemper and the machine itself.
 Due to the weight of the header at 2,000kg, a further 2,000kg has to be added to the rear of the
Pisten Bully, through the use of weights.
 A reconditioned Champion Kemper cutting head in 2013 costs in the region of £20K.
For the heathland trials the maximum number of blades were installed, with the machine gear raised to 4
to produce longer material. However the brittle nature of the materials, as discussed in sections to follow,
meant this was a challenge.

6.4

ELHO DC 1700 double chop forage harvester

The ELHO DC 1700 double chop forage harvester cut and collects the biomass by using a ‘sucking’
action to take it onto the first flail roller. It is then effectively cut again (hence double chop), on another
flailer inside the attachment and then blown out in a collection bin at the rear to a trailer. During flailing,
the biomass is cut to lengths of approximately
40mm-65mm. The chop length is adjusted by the
number of knives.
• 12 knives give approx. 40 mm
• 6 knives give approx. 50 mm
• 3 knives gives approx. 65 mm

This cutter is more robust than the Kemper header
and is less prone to damage which may be caused
by hidden tree stumps or stones. One downside of
these cutters is their tendency to collect unwanted
debris through the sucking mechanism; this can be
in the form of soil, stones or water. Depending on
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Ehlo Forager

the future use of the material will determine whether
contamination is deemed a problem for example in a
wetland situation where additional water may be collected
would not be desirable if the material is going to be used
for straight combustion. However, this is not such a
consideration if the material is later used for anaerobic
digestion or combustion after hydrothermal treatment.

The cutting blades of the Ehlo

Key facts
 The power needed to operate a double-chop attachment can be provided by a 120hp Softrak, but not
by a 60hp.
 A new ELHO DC 1700 double chop forage harvester in 2014 costs £19K.

6.5

The importance of the chop-size of the material

The way in which the material is harvested on site is inextricably linked to the desired afteruse; this is
illustrated well in relation to material chop-size. As described above the different heads and chop
capabilities should be employed to produce the condition of the material needed. Some conversion
technologies are ‘less fussy’ than others, but some have very little tolerance and material that is too long
will prohibit its use. To overcome this issue once harvesting has taken place is not impossible, but would
involve double handling and extra processing which will have cost and carbon implications.
For anaerobic digestion precision chop material is typically required, however for briquetting it has been
demonstrated through the wetland trials that longer material, like that produced from a double chop
forager can be favourable, as it helps to bind the briquette together. Longer material will also aid the
drying process as it has more structure and tends to support air cavities that aid circulation and so
facilitates drying.
For combustion which will be the desired after use for the heathland material the chop size will potentially
have implications for the following:
− Pellet production: Material needs to be finely chopped and ground so that it is able to pass
through a 5mm to 10mm screen,
− Briquette production: Double chopped can help with the binding of material into a briquette
when a rotary briquetter is used. The screens used for briquettes are in the region of 30mm.
− Loose material and auger feed: For feeding directly into biomass boilers ideally the chop size is
between 25mm and 50mm.
The smaller the chop size of the material means an increased bulk density and that more volume can be
collected into the harvesting bin reducing frequency of haulage trips required. Due to the smaller chop of
the material produced by the precision chop machine the bulk density measurements are much higher
that those for the double chop. In the cases of some material types the differences in volumes can be
large and when analysis was done on wetland material, specifically 1-year old common reed it was found
that there was 39% more precision chopped material per cubic metre (measured by weight) than double
chopped material. When multiplied up by the different bin volumes this would result in a dramatic
difference in the material that could be hauled at one time. The same test was undertaken for the
heathland materials, the results of which are presented in Section 8.

34

7. Harvesting Trials
7.1

Management practises

Management of heathland areas is essential to habitat dynamics and to stop the encroachment and
dominance of invasive species such as scrub and bracken. This is achieved through the creation and
maintenance of open areas; and regular mowing and grazing to provide a diversity of age and structure to
heather and other specialist, low-growing species. Management removes litter, reduces species
dominance, lets light through to the ground level and disturbs the ground; this creates areas for new
seedlings to become established.
Lowland heath is characterised by dwarf shrubs such as heather, as well as gorse and a number of
grasses. It typically comprises a whole range of habitats including heather, gorse, grassland, scrub,
woodland and bare ground.
The Weald heaths were the location for the harvesting trials and were undertaken on Pembury Heath,
which is a lowland dry heath of a current extent of 24ha, but with a target area of 40ha.
Dominated by heather, the following growth stages are important when considering the management of
lowland heath areas. Typically the cycle below will take between 25 and 35 years. This growth pattern
has an impact on the harvesting, as the age of the vegetation will not only determine the type of
machinery used, for both power and cutting ability, but also the amount of biomass harvested.
Heather growth stages
The rate at which the heather enters the following stages will very much depend on site specifics, such as
soil type and nutrients, weather, etc. Below are also suggested percentages that would be present on a
lowland heath, but again this will be very site specific.
Pioneer phase
This is the establishment stage when heather develops from seed, in bare ground areas. The heather
grows into small pyramid shaped plants accounting for about 10% of vegetation cover.
Building phase
In this stage the heather forms a close canopy, with short tight vegetation, accounting for some 90% of
vegetation cover.
Mature phase
As the heather starts to mature, this phase brings with it a woody structure, with thick stems and fewer
green shoots. The heather canopy begins to open up and other plant species begin to increase their
cover. As a result this phase contributes to around 75% vegetation cover.
Degenerate phase
In this phase the central branches of the heather plants tend to die off, creating gaps in the centre of the
plants. Sometimes these gaps are suitable for new heather seedlings to establish. The heather moves
towards the degenerate stage and may start to die. On moist sites, the collapsed branches can root and
‘layer’ forming new plants. Degenerate heather contributes to about only 40% of vegetation cover.
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Dead heather
Areas of dead heather are commonly encountered on lowland heath, but contribute a limited amount to
target biodiversity heathland species.
Gorse on lowland heath can often be found in isolated pockets, dotted in amongst heather or it can form
larger stands as on some sites it can become invasive, often as a result of soil disturbance. Gorse fixes
atmospheric nitrogen and so may lead to local nutrient accumulation, which may ultimately encourage
bracken invasion. Like heather, gorse is best managed on a rotation, which provides a varied age and
structure, typically 12 to 15-year. This kind of rotation will ensure the provision of a continuous diversity of
age class. It is often preferable that large or linear blocks should be divided into smaller units with some
areas being allowed to revert to heather to create more edge to benefit bird species such as Dartford
warbler. The aim is typically to create a more diverse age structure and to encourage the growth of
heather between gorse stands. Where there is a monoculture of gorse at the younger building phase this
will also be broken up using a variety of techniques to also allow a more diverse age structure and plant
community to develop. Management may be carried out by a number of methods, the choice of method
depending on the site. The most common management is cutting and removal and in some cases it may
be necessary to strip off gorse litter or burn it to prevent invasion of bracken. Cut areas may need to be
fenced off against rabbits/hares or cattle if the grazing damage is extensive and regeneration is required.
Cycles of heathland species management to provide diversity of age and structure:
Vegetation Type
Heather
Gorse
Scattered invasive pine and birch scrub
Control bracken
Control Rhododendron
Create bare ground and firebreaks

Management Cycle
25 to 35 year cycle
12 to 15 year cycle
5 to 8 year cycle
Annually
Annually
Annually

At Pembury Heath the following species and structure are listed as targets in the 5-year management
plan:
Vegetation Species
Heather
Heather
Heather
Bare ground
Bracken
Low scrubby heathland edge
Scrub encroachment
Rhododendron
Gaultheria

Age
Building phase
Mature phase
Degenerate phase
Exposed mineral substrate

Percentage cover
> 20%
> 20%
> 5%
> 5%
< 15%
< 10%
< 15%
Eradicate
Eradicate

Both machines and cutting heads as covered in Section 6 were trialled on the following vegetation types:
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7.2

Gorse

7.2.1 Vegetation age and structure
Two ages of gorse were trialled, both mature, although one slightly younger than the other, both were
estimated to be between 10 and 15 year old. Tall, woody leggy and very spiny, this vegetation poses a
challenge for any harvester; typically done by hand, cleared and chipped the growth of this vegetation
makes it difficult to manage by machine.

Area of 15-year old gorse with
scattered scrub
15-year old gorse

12-year old gorse

7.2.2 Harvesting with Pisten Bully and Kemper header
The gorse harvesting trials using the Pisten Bully and Kemper header were not successful; this can be
attributed to the inappropriate head, which struggled to penetrate the thick and woody stems. Despite the
more than adequate power of the Pisten Bully, the header designed for non-woody upright vegetation,
was not suitable for the dense shrubby growth that both the 10 and 15-year old stands presented.
7.2.3 Harvesting with Softrak and Ehlo forager
Using the Softrak and Ehlo forager both ages of gorse were foraged successfully, with the production of a
good forage and chop size. However it was felt that this age of gorse was at the limit of the double chop
capability, causing stress on the machine when larger stem diameter material was encountered.
The machine had to work hard to reduce the size of such dense woody material, although rising to the
challenge it needed to coax the material through. Due to the design of the machine, in order to make the
cut the forager needs to be over the top of the vegetation and as such needs to be strong enough to push
the gorse down to fail it. Whilst it had the ability to do this, it needed to fail the stems gradually rather than
all at once and so a measured approach was required, gauging progress depending on stem thickness
and density. Once the bulk of the material had been removed cutting was repeated over the same area to
clear any stems and debris left.
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Although successful it was felt that the life of the forager would be reduced if continued. However if gorse
of this age was presented within a complex of heathland material then it would be an effective method of
harvesting, but for pure stands of mature gorse it was felt not to be appropriate.

Softrak cutting 5-year old gorse

Softak cutting 10 to 15-year old gorse

It was concluded that the gorse age was the limiting factor, prior to the trials on Pembury Heath, young
gorse was harvested very successfully using the Softrak and double chop. It was estimated that this
gorse was approximately 5-year old. Following the trials on the older material some further gorse
harvesting trial were undertaken on Aylesbeare Common in Devon. It was estimated that this was
approximately between 5 and 10 years old and was dealt with very effectively by the Softrak and Ehlo as
illustrated below.

Harvesting on Aylesbeare Common
5 to 10 year old gorse
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Harvested area of gorse

The ‘finish’

The double chopped gorse produced a slightly different chop size to the chipped material, which was cut
by hand with a chainsaw and chipped with chipper. There were more numerous longer lengths of material
from the chipper, which produced more a ‘shredded’ finish than a ‘chopped’.

Chipped gorse

Double chop harvested gorse
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The determining factor as to whether the Softrak and double chop harvester is appropriate is the age and
the structure of the material to be harvested.
The double chop forager produced very satisfactory chopped material which was very easy to handle and
ranged from a small as 5mm up to 140mm in length, as illustrated below.

Ehlo double chopped gorse
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7.3

Heather

7.3.1 Vegetation age and structure
The heather which was trialled, was primarily late mature, not quite at the degenerate stage, in that it
wasn’t falling open in the middle. It was estimated that it would be approximately between 15 and 20years old. However as seen below the heather was tall and rather leggy and as a result had produced a
lot of top foliage which would soon become too heavy to support and cause the plants to be classed as
within the degenerate phase.
Both scrub, a mix of pine and birch, together with bracken could be found in amongst the heather,
throughout the area selected to be harvested.

Mixed lowland heath

Heather and young pine scrub

Both Ehlo double chop and Kemper precision chop worked very well when harvesting the heather
dominated areas. The heather itself was cut, chopped and collected easily, the only problems
experienced, were caused not by the heather itself but rather the mixed vegetation in amongst it, namely
the larger birch and pine samplings which were present.
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7.3.2 Harvesting with Pisten Bully and Kemper header
Whilst the Pisten Bully and Kemper header dealt with the heather very efficiently the presence of saplings
proved problematic. The header is equipped with a reverse action (compared to the double chop which
can’t reverse) which helped with the feed, when larger diameter material than anticipated was taken, but
this meant the harvesting was very stop – start.
It was noticeable by comparison that the throughput of the Pisten Bully compared to the double chop was
not as great as it was when harvesting reed and rush, so the versatility of the double chop for heathland
makes it more attractive. However, if there are large areas to be covered then a larger cutting width would
be preferable.
The finish of the cut areas was satisfactory, however due the vulnerability of the Kemper head (prone to
bending and being twisted out of line); the cutter was lifted a little higher than may be needed. This may
also be favourable in relation to contamination – which will be presented in Section 14 under the analysis.
The other factor in the favour of the precision chop is that due to its feed mechanism it does not rely on
suction at all – this too is thought to be positive for contamination issues.
Unfortunately during the trials one of the saplings jammed in the feed rollers of the Kemper header, which
bent the scrapper that keeps the feed roller clear, this subsequently jammed the feed roller, which
resulted in the clutch burning out.

Pisten Bully and Kemper header harvesting

Area cut by Pisten Bully

7.3.3 Harvesting with Softrak and Ehlo forager
The double chop forager dealt with the heather and maybe more importantly the mixed vegetation very
well. The robust design of the jay bladed double chop coped well with the mixed typed and size of the
vegetation present. The robust jay blades at the front of the forager cut and shorten the material, before it
sending it into the second chopping cylinder. This makes the processing action very efficient, particularly
with vegetation such as heather and small scrub. A singe chop machine has straight, flat blades which all
cut at the same time and cut the material to the same length. This not only takes a lot of power for all the
blades to cut the same vegetation at the same time, but also relies on more suction to propel the material
into the second cylinder. As a result this could increase the amount of contamination.
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By comparison the jay blades are curved, and as a result cut the material at different lengths. The curve
of the jay blade is designed such for two reasons:
1. The curved shape of the jay blades results in different
cutting times and different lengths of material, multiple
cuts of the same stem are made resulting in short
stems with reduced effort. As the blades are not all
cutting at same time this means that the power
consumption is more even and does not demand a
surge.
2. The curve of the blades encourages the collection of
the chopped material which reduces the suction
required, again reducing power consumption, and
potentially contamination. The design means that the
blade does not need to pass through the vegetation a
long way as the jay blade deposits the cut vegetation
Shape of the jay blades
and then collects it. The trough that the auger sits in is
situated behind and lower that the flail head so instead of it throwing it back on the ground it is caught
before it gets to the ground.
Due to its more robust nature than the Kemper, there was the ability for the cutter to be taken lower to the
ground. This also meant that a cleaner cut was achieved as the cutter was taking the stems at a place
where they were fewer and larger.

Softrak and Ehlo double chop harvesting heather

Area cut by Softrak
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It seemed that due to the very brittle nature of the material being harvested there was not a lot of
difference to be seen in the chop size of the material produced by the precision and double chop
machines. As can be seen below, whilst there was some evidence of longer lengths of material, these
were in the minority, with shorter lengths more numerous. This suggested once again that the benefits of
the double chop machine and its more robust nature out weighed the benefits of the precision chop,
which was more susceptible to being bent and damaged.
The actual chop lengths are displayed below:

Heather cut with the Softrak and Ehlo forager

Heather cut with the Pisten Bully and Kemper header

The photographs below illustrate that the maximum chop length typically recorded from the Kemper
header was 32mm, compared to the Ehlo which was 100mm. Both types of cutters produced very small
material less than 1mm, probably best categorised as ‘dust’. The Kemper head material was generally
more uniform with average size pieces around 10mm. Whereas the Ehlo produced 20% longer lengths at
100mm, with the remainder typically split between lengths of 10-20mm and less.
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Kemper precision chopped heather

Ehlo double chopped heather
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7.4

Bracken

7.4.1 Vegetation age and structure
The bracken harvested was a combination of areas which had been harvested before and areas which
hadn’t received any previous management. The main difference that this brought was the presence of
dead and previous year’s growth as a ‘litter’ layer underneath the stands. Whilst this was not a problem
for the harvester and in fact produced more biomass, it did mean that it affected the moisture content as
this material tended to be wetter than the fronds above. The taller fronds acted like a canopy, preventing
light and wind from drying the material below.

Bracken stands in amongst the heather

Bracken height in amongst the heather

Both machines harvested bracken with ease, this material particularly demonstrated the effectiveness of
the Pisten Bully and Kemper header which had a very fast and efficient throughput.
7.4.2 Harvesting with Pisten Bully and Kemper header
No problems were experience with the harvesting of bracken, its brittle upright stems of a small diameter
presented themselves well to the feed mechanism of the Kemper and offered very little resistance to the
precision chop, which resulted in a very fine chopped material. The only slight concern was in relation to
the presence of any foreign objects and the damage that they can potentially cause to a precision chop
header.

Harvesting bracken with the Kemper header
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Gathering bracken samples

An unforeseen additional advantage of the Pisten Bully were the aggressive metal tracks, which
effectively disturbed the sandy ground and created bare patches and disturbed ground, increasing the
opportunity for biodiversity, particularly burrowing species.
7.4.3 Harvesting with Softrak and Ehlo forager
Bracken harvesting with the Softrak and Ehlo forager was very successful, it cut and collected the
material very effectively, with no problems. The robust nature of the cutter also gave confidence that if
unexpected foreign objects were present then they would not cause major damage to the cutting head.
Similar to the heather harvesting the very brittle nature of the material meant that the chop size was much
reduced compared to wetland materials that it had been used to previously. Information of chop lengths
achieved are illustrated below.

Bracken cut with the Pisten Bully and Kemper header

Bracken cut with the Softrak and Ehlo forager

The photographs below illustrate that the maximum chop length typically recorded from the Kemper
header was 50mm, compared to the Ehlo which was 150mm. Both types of cutters produced very small
material; the Kemper down to less than 1mm, probably best categorised as ‘dust’ and the Ehlo down to
3mm. The Kemper head material was generally more uniform with average size pieces around 10mm.
Whereas the Ehlo produced 20% longer lengths at 100mm, with the remainder typically split between
lengths of 10-20mm and less.
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Kemper precision chopped bracken

Ehlo double chopped bracken
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7.5

Scrub

7.5.1 Vegetation age and structure
A number of different scrub harvesting situations were trialled, to explore how the machines dealt with
different circumstances. This was particularly the case with the Pisten Bully and Kemper header, which
was also trialled on slopes to experience the effectiveness
of the aggressive tracks.
The following types of scrub were harvested:
1. Mixed scattered scrub in amongst heather and
bracken stands
2. Stands of scrub in grassland
3. Grassland slopes with encroaching scrub

Mixed scattered scrub in amongst heather

Stands of scrub in grassland
Grassland slopes with encroaching scrub

Mixed scattered scrub in amongst heather and bracken stands
The age and type of the scrub found scattered amongst the heath varied, however predominately it was a
mix of pine and birch. The average estimated age of these saplings were 5 to 6 years old. The diameter
of the saplings ranged from less than 10mm to a maximum of 50mm. These were scattered in the heath,
in some areas denser than others, due to volunteer efforts in the past to remove them, in the sparse
areas they were approximately 8m apart and in the dense areas more typically less than 1m apart. As
illustrated in the photograph above.
Stands of scrub in grassland and grassland slopes with encroaching scrub
This scrub was dominated by birch of a relatively even density of approximately 1 sapling every 50cm to
1m. Smaller in diameter than the larger saplings found on the heath, the birch was at approximately 10 to
20mm diameter, probably best described as ‘whips’, at an average of 1.5m tall, with an estimated age of
3 to 4 years old.
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7.5.2 Harvesting with Pisten Bully and Kemper header
From the different types and sizes of scrub harvested it was felt that the maximum size saplings that the
Kemper header was comfortable dealing with were between 40mm and 50mm in diameter. Although
there were young trees much larger in size, with one at 100mm in diameter the likelihood of damaging the
header dealing with this size was high. The height of the scrub was not a problem for the feed; it was
rather the ability to precision chop down a large diameter piece of timber to a chop length of 10mm or less
at high speed that caused the header difficulty.
The harvesting on slopes was straight forward, with the Pisten Bully specifically designed for this type of
work, with its previous role as a piste basher grooming ski slopes.

Pisten Bully with Kemper header harvesting scrub
on slopes

Pisten Bully with Kemper header harvesting scrub
in grassland

7.5.3 Harvesting with Softrak and Ehlo forager
As with the Kemper header and from the different types and sizes of scrub harvested it was felt that the
maximum size saplings that were comfortable for the Ehlo forager to deal with between 40mm to 50mm in
diameter. Although the machine took larger and foraged saplings up to 100mm it exerted undesirable
pressure on the machine.

Softrak and Ehlo double chop harvesting mixed vegetation

Softrak and Ehlo double chop harvesting scattered scrub
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Unlike the Kemper, the feed with the Ehlo was not an issue, although it relies on pushing the vegetation
over in order to mount the material before taking it in, the 120hp of the machine dealt with this efficiently.
When harvesting any vegetation with the double chop, the material first hits a bar which pushes it over to
enable the machine to be in a position to chop. The bar before the jay blades is a safety bar and so the
first resistance that the machine powers against is hitting the bar rather than hitting the flail cutters.

7.6

Conclusions

From the trials undertaken as described above, the Softrak and the Ehlo double chop harvester proved to
be a far more versatile machine than the Pisten Bully and the Kemper header as it was able to cope with
the different vegetation types typically found on lowland heath. Not only could it deal with the diversity, it
was also a better design for the unpredictability of the species mix that could be encountered. Single
species dominated areas or bracken and heather were easily harvested by the Kemper header, however
scattered scrub, of more than 50mm in diameter, amongst these vegetation stands proved problematic.
The need to utilise the precision chop machine rather than the double chop, to achieve a smaller chop
length was not found to be as significant as first anticipated. The type of the materials being harvested,
which offered resistance and were typically brittle in nature meant that the chopping action itself
accompanied by the pure gathering and moving of material within the forager resulted in a smaller chop
size that may have been predicted. Unlike in wetland situations, for example when harvesting soft rush
which is flexible and does not resist chopping, longer lengths that would have been predicted resulted for
the use of a double chop machine.
The other significant difference between the two machines, which was one of the main areas of concern
highlighted in the work commissioned by the Forestry Commission, still to be addressed, which was the
issue of contamination. The results from the analysis of the materials harvested by the two machines in
these trials (particularly in relation to the ash content and the calorific value), will provide clear indications
as to which method harvested the least contaminated material. It is felt that the gathering motion of the
Kemper, rather than the suction method of the Ehlo would be preferable, however it may be that the
shape of the jay blades in the latter, will have provided enough impetus to collect and move the material
rather than relying on draft. The results of the findings are presented and discussed in Section 14 and 15.
The intention of the harvesting trials was not an attempt to demonstrate the range of harvesting
machinery available, but more to understand the capabilities and versatility of the two forager heads in a
heathland environment. This was particularly in relation to achieving certain chop lengths and to quality of
material harvested and the effects of contamination. The cut and collection systems of the two machines
tried would be the preferred way of harvesting heathland materials for use as energy feedstocks. This is
because they prevent the material becoming in contact with the ground, they limit handling and reduce
haulage. In the next section some work was done on comparing the importance of chop size in relation to
bulk density and its effect on haulage. The forage method for harvesting heathland materials rather than
mulching or baling is also preferred in relation to the keeping the material free of contaminates. Both
baling and mulching, where the machines have close regular contact with the substrate are particularly
prone to picking up undesirable materials along with the harvested vegetation, as found through the
studies commissioned by the Forestry Commission.
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8. Yields, Volumes and Moisture Content
During the harvesting trials as much information on yields, was collected as possible. However with the
limited time available, trial of new equipment and the need for the trials to be undertaken on a number of
different vegetation types, only a limited amount of data could be collected. However all the data which
was collected, has been presented below, unfortunately due to the reasons stated above only small areas
could be used for data gathering and then multiplied up to provide figures per hectare. There are
explanations alongside the figures where this has been done and where any assumptions have been
made, so explaining how the numbers have been derived.

8.1

Gorse

8.1.1 Yields
The gorse harvested was as described in Section 7 was estimated to be 12 year old, tall, woody and
leggy, with other vegetation present.
Cut by hand, using a chainsaw and chipped using a chipper, an area of gorse measuring 7m x 7m was
chipped into 2 dumpy bags, which both measured 60cm x 90cm x 90cm. This can therefore be calculated
2
3
as a 49m area produced a yield of 0.972m of chipped material equivalent to single chop particle size.
2

3

Therefore scaling up, it may then be assumed that. 50m produces 1m of material and that 1ha would
3
produce 198m of material.
For comparison the Softrak and Ehlo double chop forager harvested gorse of the same age and structure
and produced the following results:
2

3

2

3

Harvesting an area of gorse 324m – filled a 11m Softrak bin, which is equivalent to 29m to 1m , scaling
3
up it may be assumed that 1ha would produce 344m of material.
3

These figures demonstrate a different of 146m between the two methods of harvesting which equates to
the double chop harvesting method presents 43% more material per ha. This may be accounted for the
following ways:
1. The slight difference in bulk density resulting from the chop size.
2. The uneven growth pattern of the gorse stand.
3. The selective nature of cutting by hand, when only gorse stems were taken, with no other
vegetation or gorse litter harvested and collected.
4. The height of cutting undertaken by hand rather than the ‘scalping’ achieved by the forager
5. The compaction of the material into the Softrak bin, caused by both the force of the forager and
the movement of the machine, encouraging the material to ‘settle’ and consolidate in the bin. This
compared to the loading of chipped material into dumpy bags by hand could potential account for
3.
a dramatic difference in quantities per m
Point 5 was tested through trying to replicate the consolidation and settling conditions and it was found
that an average of 36% more double chopped gorse could be fitted into a known sized vessel, with a
small amount of compaction and settlement.
No yields could be taken for the Pisten Bully precision chop as it was unable to harvest the material.
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8.1.2 Moisture Content
Moisture content of gorse was assessed using a microwave oven as outlined by Garthe in Appendix 1.
Gorse when harvested was recorded to be at 54% moisture content.
8.1.3 Volumes
As no gorse could be harvested using the precision chop header no comparisons on volumes and bulk
density could be made. As a result measurements could only be taken for double chopped gorse,
however it may be that some comparisons can then be made in relation to heather and bracken found
below.
Average weight of double chopped gorse in a 0.00287875 cubic metre plastic box = 507g
Scaled up this would mean 1 cubic metre of gorse at 54% moisture content = 0.17 tonnes
Equating this to the figures harvested per hectare provides the following yields:
3
− Ehlo double chop at 344m /ha x 0.17 tonnes = 58 tonnes/ha @ 54% moisture = 26.68 odt/ha
3
− Hand cut and chipped at 198m /ha x 0.17 tonnes = 33.66 tonnes/ha @ 54% moisture = 15.49 odt/ha
Making an adjustment of 36% to the double chop harvesting to account for the differences in the two
harvesting techniques would provide a final figure of 16.26 odt/ha.
8.1.4 Bulk density
3
Double chopped gorse at 54% mc = 176kg/m
3
Dry double chopped gorse = 81kg/m

8.2

Heather

8.2.1 Yields
2
Harvesting 15 to 20 year old heather using the Pisten Bully and the precision chop Kemper a 2,637m or
3
0.26ha area was needed to fill a 15m bin.
3

Scaling up this would equate to 57m off 1ha of heather
8.2.2 Moisture Content
Moisture content of heather harvested was assessed using a microwave over as outlined by Garthe in
Appendix 1. Heather was recorded to be at 44.8% moisture content.
8.2.3 Volumes
Using the method already trialled for wetland material as outlined in Section 6, the chop size of the
biomass achieved by the two harvesting techniques, double and precision chop were compared in
relation to the volume of biomass. This was achieved through assessing the difference in the weight of
each types of material that could be contained within the same size vessel.
Average weight of precision chopped heather in a 0.00287875 cubic metre plastic box = 669g
Average weight of double chopped heather in a 0.00287875 cubic metre plastic box = 478g
Scaled up this would mean 1 cubic metre of precision chopped heather at 44.8% moisture content =
0.232 tonnes
Scaled up this would mean 1 cubic metre of double chopped heather at 44.8% moisture content = 0.16
tonnes
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Equating this to the figures harvested per hectare provides the following yields:
3
− Precision chop at 57m /ha x 0.23 tonnes = 13.11 tonnes/ha @ 44.8% moisture = 7.24 odt/ha
Unfortunately measurements were not recorded for double chop harvesting, however comparisons in
relation to bulk density can be made by using the figures above. Per metre cube 30% more precision
chop material can be contained within a cubic metre compared to double chopped material.
8.2.4 Bulk density
3
Precision chopped heather at 44.8% mc = 232kg/m
3
Dry precision chopped heather = 128kg/m
Double chopped heather at 44.8% mc = 166kg/m
3
Dry double chopped heather = 92kg/m

8.3

3

Bracken

8.3.1 Yields
Due to the fragmented areas of bracken available to be harvested and the fact that this had been
previously studied by John Corton from Aberystwyth University – please see Section 3.2, no yield
assessments were taken for bracken.
8.3.2 Volumes
Using the method already trialled for wetland material as outlined in Section 6, the chop size of the
biomass achieved by the two harvesting techniques, double and precision chop were compared in
relation to the volume of biomass. This was achieved through assessing the difference in the weight of
each types of material that could be contained within the same size vessel.
Average weight of precision chopped bracken in a 0.00287875 cubic metre plastic box = 622g
Average weight of double chopped bracken in a 0.00287875 cubic metre plastic box = 562g
8.3.3 Moisture Content
Moisture content of bracken was assessed using a microwave over as outlined by Garthe in Appendix 1.
Bracken was recorded to be 60% moisture
Weight of precision chopped bracken per cubic metre at 60% moisture = 0.215 tonnes
Per cubic metre = 0.086 oven dried tonnes or 86kg oven dried
Weight of double chopped bracken per cubic metre at 60% moisture = 0.195 tonnes
Per cubic metre = 0.078 oven dried tonnes or 78kg oven dried
Comparisons in relation to bulk density can be made by using the figures above. Per metre cube 10%
more precision chop material can be contained within a cubic metre compared to double chopped
material.
8.3.4 Bulk density
3
Precision chopped bracken at 60% mc = 215kg/m
3
Dry precision chopped bracken = 86kg/m
Double chopped bracken at 60% mc = 195kg/m
3
Dry double chopped bracken = 68kg/m

3
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8.4

Summary of Yields

Source

Vegetation Detail

Heather
Woodcock & Stephens,
2012
Kirkham et al, 2012
Worrall & Clay, 2014
Mills – this study, 2014
Bracken
Drake-Brockman, 1998
Corton etal, 2012
Gorse
Lake & Cruickshanks
2013
Mills – this study, 2014
Mixed heath
Hanbury-Tenison
Price, 2012

8.5

Heather

Location

Dry matter
tonnes/ha

SE England UK

12.6 – 19.2

Heather
Degenerate heather

UK
UK average

Mature heather

Kent UK

6.3 – 9.6
2.1

Low tonnage due to
averaging across the UK

7.24

Dense bracken
Moderate bracken
Dense bracken

Mid Wales, UK

7.2 – 9
5.7
3.31

Degenerate gorse

Dorset, UK

12.54

Degenerate gorse

Kent, UK

16.26

Mixed heath, gorse,
heather and bracken
Mixed heath

SW England UK

18 - 27

SE England, UK

18 - 27

UK

Notes

Moisture content not
stated assumed at 10%

Harvesting heathland materials – Aylesbeare Common, Devon

As a comparison, the following measurements were taken of samples from the Devon heathland
th
harvesting carried out on 18 February 2015. All harvesting was undertaken with the Softrak and Ehlo
double chop harvester.
8.5.1




Heather
Age – building to mature – estimated 10 to 15 year old
Moisture content – 52%
3
Bulk density - 92kg/m

55

8.5.2




Gorse
Age – Estimated 5 to 10 year old
Moisture content – 42%
3
Bulk density - 106kg/m

8.5.3




Mixed heath
Age – Estimated 6 to 10 year old
Moisture content – 54%
3
Bulk density - 97kg/m

When drawing comparisons with the material harvested in Kent, it is interesting to note that the bulk
density of the younger gorse increased to 106kg/m3 compared to 81kg/m3 of the older material. It is
assumed that this can be attributed to the reduced particle size and smaller number of large woody
pieces. However it was also interesting to note that the different aged heather produced the same bulk
density of 92kg/m3. The moisture content of the gorse was 12% less in the younger material. Whereas
the heather off the Devon heaths was wetter by 7%, this could well be explained by the moss present at
the base of the plants – which was not a characteristic of Pembury Heath.
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9. Storage and drying Options
Storing the material in the desired condition is the key to being able to successfully turning it into energy,
whether it being to preserve the sugars for anaerobic digestion or to maintain low moisture content for
combustion, how it is stored will determine its value. Storage is often seen as one of the most problematic
parts of the end-to-end delivery; however it can be in many forms and does not have to be expensive or
permanent, it is not necessary to have a large barn, on site with easy access – although this can make
life easier. Planning permission can often be a difficult obstacle to over come, especially on designated
areas, however storage can be temporary located adjacent to the harvesting/conversion site and variable
in size.

9.1

AgBag systems

Storage
Low-density polyethylene (LDPE) ‘AgBags’ are one
solution for temporary storage, they are large plastic
sealed bags, up to 3m in diameter and 150m in length. At
3
these dimensions an AgBag can store up to 450m of
material, how much this physically equates to will depend
on size of chopped material and how tightly it is packed
into the bag. This latter point will be determined by the
moisture content and whether drying is needed.
The material is put into the bag via a bagging machine,
which the shredded material is loaded into. This machine
pushes the material into the bag. As it fills, the machine
An AgBag
propels it self-forwards, initiated by the hydraulics, which
means the bag remains static. To operate, the machine needs solid ground, which can either be a hard
standing or a grassy field. If the material needs to be dried as the material is loaded, a plastic perforated
pipe is installed, which runs the length of the pod. This pipe then disperses air generated by a fan, to aid
the drying process as described below. If drying is required then the material is pushed in the bag loosely
rather than compacted tight, to allow the air to circulate through it. As Agbags are not permanent
structures and common agricultural practice, planning permission is not required.
Drying
The bagging system was originally used to dry grain during
storage, during this process the system reduced the
moisture content from 24% to 15% by using 0.5 kw fans
blowing for 4 hours per day, running on sunny days from
midday to 4pm. Each fan would typically blow 200 tonnes
of grain and run on average for 12 days.
The system has also been used to bio-dry MSW (Municipal
Solid Waste) to aid the removal of recyclables. The drying
reduced the moisture content from 32% to 12% which
greatly improved the mechanical separation of the
recyclables.
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Agbagging

Woodchip has also been dried using the same system, which was reduced from 22% moisture content
down to 5-6% in a storage period of 3 months, but only blowing for approximately 13 days. In addition
paper sludge has been dried from 23% to 7% moisture content during winter, again by blowing only
during sunny days.
Throughout these experiences it has seen that if the ambient humidity is measured in relation to the
drying process then the power usage needed can be reduced. The system has been shown to be capable
of reducing the moisture content of the materials far lower than average ambient humidity and it has also
demonstrated the importance of stopping the re-absorption of ambient moisture into the feedstock unlike
when undertaking covered drying.
Solar-powered fans and humidity / temperature controls are used to control the air flow within the AgBags
these are operated according to ambient humidity, as a result lowering the power consumption. Based on
work undertaken in North Norfolk to dry down compost the system used less than 12amps at 240V to dry
down 600 tonnes of material. On this occasion the fans ran for only 4 hours a day over 3 weeks, to bring
the moisture content down from 34% to 18%. As a result the total power used was negligible compared to
the power used to mechanically process the feedstock.

9.2

Charring Kiln

Bio-charring or Pyrolysis is a method of charcoaling, which is a process of thermal decomposition in the
absence of oxygen. This can be undertaken at different temperatures to create different results, which are
discussed in Sections 10 and 13.
The process of bio-charring is conducted in a kiln; some kilns only have a small capacity and as a result
could be labour intensive to load. However as part of the DECC project a new kiln ‘MK III’ as illustrated
below has been designed which can take 6m3 of material at one time. The process also produces excess
heat and this kiln harnesses this heat to aid in the drying of the biomass before it is bio-charred. Ideally
materials need to be at below 15% before charring takes place.
The technology that has been developed by Carbon
Gold and AMW Arboreal Ltd, 'Mk III' has the
configuration of two kilns and a single combustor. This
has the advantage of offering a greater degree of
flexibility in its application as it includes the following
capabilities:
•
•
•

Drying - heat generated in the combustor is
used for removing moisture in both kilns
Single Charring - where char is produced in
one kiln and the other is used for drying
Double Charring - where both kilns produce
char alternatively

MK III bio-char kiln

Drying is typically a precursor for charring, wood is used to fuel the combustor and after the moisture has
been removed from the feedstock the temperature is elevated into the pyrolysis zone and the resulting
gases burnt. Temperature is monitored in the top and bottom of the kiln. When the bottom temperature
exceeds 400'C the material is generally charred. However for the trials undertaken, the kiln was solely
used as a drying facility, the results of which are presented in Section 10.
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10. Drying Trials
10.1

AgBag Drying

AgBagging was completed by AB Systems, as part of the heathland demonstration in Kent to illustrate the
technology and the process. However due to the trial location in the south east of England and the
distance from the AB Systems’ base in Devon, the drying trials were not undertaken at Sevenoaks. To
enable the drying to be undertaken and monitored, bags of bracken was transported back to Devon for
the work to be completed there.
Prior to trials being undertaken, observations were made with regards to some of the considerations that
would need to be given to drying heathland materials in AgBags:
1. Due to the lack of structure of some of the vegetation, when placed in an AgBag care needs to be
taken to bag the material with enough air space to allow circulation and facilitate drying. This
would particularly be the case with bracken harvested using double and precision chop machines
and heather after precision chop harvesting. In all these situations the process of harvesting
reduced the material to a very small particle size. Such a small particle size results in the material
becoming heavily compacted when loaded into a vessel such as a bin or bag.
2. Gorse as a vegetation type is an evergreen shrub and as a result is very moist and green
throughout all months of the year. It also flowers throughout the year and so there is never a time
that it could be classed as sanest, as a result it has a high moisture content, as recorded in the
previous section, in Kent when harvested in November the moisture content was 54%.
3. With the spiny nature of gorse, having needles instead of leafy foliage, then there will be the
possibility that despite the strong LDPE bags puncturing may occur. This can be counteracted
against by having the tunnel of the bagger slightly longer, and a smaller diameter than the bag.
This then means that whilst processing the tunnel forms the material into the shape of the bag.
The tunnel also helps to bends the sharp protrusions, this has been previously proven when
bagging hardwood chips which have numerous splinters and the tunnel extension was
successfully used to blunt and bend the sharp points. However whilst this will limit puncturing it
will not prevent it and if a tear does occur then it can be repaired with a sticky repair tape.

10.1.1 Bracken
To simulate the AgBag drying, 3 x 3 tonne dumpy bags of precision chopped
bracken were transported back to AB Systems’ base in Devon. Bracken
which was precision chopped was selected as it was felt that it would be the
most challenging of the feedstocks, due to its small size and resulting lack of
structure. The smaller particles and flat fronds compact together well,
inhibiting air from circulating between the material. The trials were set up to
dry bracken down which was harvested at a moisture content of 60%, using
ambient air and a half a kW mains powered fan.
The material was loaded into a 9 tonne bag and fitted with a perforated pipe
on a grain spear. Grain spears are threaded enabling them to be screwed
down into the material and placed within the centre of the large dumpy bag.
Grain spears are typically used for cooling crops, they are generally 4 inches
diameter and 7ft overall with a 3ft perforated section and a sharp steel point.
They are manufactured from spiral wound galvanized steel for strength and
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Grain spear

Pipe to fan
corrosion resistance Flights are typically set at 21 degrees for
optimum ease of insertion and they are inserted with an
adjustable handle to aid operation.
The fan was then attached to the grain spear via a pipe to
achieve air circulation. The bag was left open at the top and
was then placed outside but undercover. This system simulates
the drying of material in an AgBag, as described in Section 8.1.
For drying the AgBag has perforated pipes installed at the
same time that the material is loaded, it is then through these
pipes that air is circulated. When using the AgBag system,
which could be operated in remote locations and not reliant on
a power supply, the mains powered fan would be replaced by a
fan run on solar power, with a bank of batteries.
If the material was left without air circulation the material would
decompose, which would cause the air to rise, creating a moist
layer on the top as it condensed, resulting in the material being
constantly wet aiding and encouraging decomposition.
However by sucking the air with the fan from the centre of the
bag and creating air circulation the material does not
decompose. Indications that the drying is occurring successfully
Grain spear in the bag of bracken
is that if the air remains cool, as warm air would be created
through decomposition. The fan attached to the pipe and grain spear, sucks air from the centre of the
bag, which encourages air circulation and counteracts decomposition.
During the winter the high moisture content of the ambient air means that it is difficult to dry material by
utilising this alone. As a result for the trials a half a kW mains powered fan was used, which was operated
rd
rd
approximately 10 hours a day, 5 days a week, from between 3 December to 23 a total of 15 days. The
fan was operated for a further 3 days a week during January, a total of 15 days. This means it was
operational for 30 days at 10 hours, totalling 300 hours.

10.1.2 Results
Observations in the first week of December, after 50 hours of operation were that the air was passing
through the material more freely than anticipated. The dense wet bracken had little structure and it was a
concern that even when actively blowing air through it, this lack of structure would mean that it would
struggle to pass in-between the material.
AB Systems conducting the trial were surprised that the air movement was as good as it was, as when
loaded the material was very heavy sodden and compacted. The air being circulated was noted to still be
cool, and had not warmed up, which indicated that the circulation had restricted decomposition, as if it
had not then a change in temperature would have been experienced, with the air beginning to warm up.
During the trials the material on the surface of the bag started to change colour – as indicated by the
photographs below, this was positive sign that drying was taking place. The colour change and the cool
temperature of the circulating air were both excellent indications that the moisture content of the material
was being reduced.
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After aeration for 30 days, a total of 300 hours, the moisture content of the material was tested. In the
places where the perforations of the grain spear had pushed air though the material, the average
moisture content was at 21%, a reduction of 39% from 60%. However where the un-perforated section
and the point of the grain spear had been amongst the material, very little drying had taken place and this
material was still at 58% moisture content.

Bracken before drying at a moisture content of 60%

Bracken after drying at an average moisture content of 21%

10.1.3 Conclusions
Drying in the bag through the circulation of air via a perforated pipe worked well with a moisture content
reduction of 39% over 300 hours of fan operation spread over a total of 66 days of trial. The different
moisture readings taken from the same material but within different proximity to the air circulation
indicated that for the material to dry it needed to be directly serviced by the pipe as the material which
wasn’t failed to dry. This may improve with other materials that have more structure, facilitating better
circulation, but with precision chopped bracken this was certainly found to be the case. Based on these
finding drying material in this way would need an appropriate network of pipes within the moist material
positioned according to the material’s characteristics, to maximise the air movement.
Perforated pipes regularly dispersed would prevent uneven drying which is a common problem when
drying down materials of different particle size without heat. If drying is done too quickly, the result can be
of extremes between the moisture content of different particle sizes, which can become exacerbated the
more drying occurs. Once again the larger particles with more structure dry quicker than the smaller
particles which bind together and do not assist air circulation. As a result the dry particles get drier and
the wet particles stay the same. At the same time this may result in degradation of the wetter particles
which as a process itself produces moisture. When this occurs, although the drier material continues to
dry, the wet material gets wetter and which cannot counteract decomposition. The result will then be very
uneven drying, with degradation of the finer particles.
To prevent this situation occurring, the material to be dried needs to be packed into the bag at an
appropriate density and with the right degree of circulation. The time period for drying needs to be
adjusted depending on the starting moisture content of the material and its characteristics. AB Systems
suggested time the period for drying of a 3m x 3m bag 50m long for material of 60% moisture, to be
approximately 2 months, with regular air circulation. This material would be tested for moisture content
frequently and the degree of air circulation adjusted accordingly.
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10.2

Kiln Drying

The kiln developed as part of the Wetland Biomass to Bioenergy project, supported by DECC, by Carbon
Gold for the charring of biomass, (see Section 9 and 11) can also be used for drying. The kiln works as a
steam drier using re-circulated vapour. Heated vapour spirals up the outside of the kiln and is then drawn
down through the material to initiate drying in the kiln, this air is then extracted at the bottom of the kiln
through a pipe. Surplus vapour is released at this stage and the remaining extracted vapour is reheated,
by direct mixing in the combustor with hot combustion gases, and re-circulated. Drying was undertaken
on the three biomass types; gorse, heather and bracken.

10.2.1 Gorse
The kiln was loaded with six (0.5m3 ~ 2/3 full) bags of wet gorse which had been harvested with a
chainsaw and chipped, which was at a moisture content of 54%. The drying started at around 5:30pm
when the kiln had warmed up and was recorded to be substantially complete by 8:30pm, as illustrated in
the graph below. At this time the temperature starts to ramp for charring which is illustrated as part of
Section 11 and 13. For the drying process the dryer operated at a heat input of just less than 100 kW, the
evaporation rate was estimated to be approximately 60 kg per hour, reaching 200kg in 3hrs.
With the gorse samples, given that the intention was to proceed to charring on this occasion the inlet
temperature was allowed to rise to above 200’C. Despite the top temperatures not rising above 170’C,
pyrolysis had been initiated - this is indicated by the short bottom temperature holding at 100’C after the
kiln had been shut down.

Graph which illustrates kiln temperature ranges during gorse drying trials
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10.2.2 Heather
The drying curve for the heather is displayed below, as with the gorse trials, the kiln was loaded with six
(0.5m3 ~ 2/3 full) bags of double chopped wet heather at a moisture content of 44%. The drying started at
around 11:20am when the kiln had warmed up and was recorded to be substantially complete by 2pm, as
demonstrated below. The fuel rate was lowered at approximately 1pm, which is illustrated on the graph
through the input temperatures, but this had little effect as there is no observable change in the outlet
temperatures.

Graph which illustrates kiln temperature ranges during heather drying trials

The drying took slightly less time than for drying the gorse, which is probably accounted for in the lower
percentage of moisture recorded when harvested. During the drying process the dryer operated at a heat
input of just less than 75kW, the evaporation rate was estimated to be approximately 100kg per hour.
Once dried the moisture content of the heather was tested and recorded at 14.7%, 18% and 21%. This
provides us with an average moisture content of previously 44% wet material of 17.9% once dried for in
the kiln for a period of 2hours 30mins and a total kiln time of 4hours.
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Dried heather sample

Heather sample before kiln drying

Dried heather being lowered out of the kiln

64

10.2.3 Bracken
The drying curve for the bracken is displayed below, as with the previous trials, the kiln was loaded with
six (0.5m3 ~ 2/3 full) bags of double chopped wet bracken at a moisture content of 60%. The drying
started at around 12:20am as the kiln warmed up however there was an inverter failure at 12:30pm as a
result the process had to be re-started with a lower recirculation setting. This was increased at 1:45pm to
the normal recirculation with drying recorded to partially complete (due to the inverter failure) by 2.44pm,
as demonstrated below.

Graph which illustrates kiln temperature ranges during bracken drying trials

The heat input for this drying was approximately 75 KW and this time the inlet temperature was held
below 200°C: Dried bracken was removed from the top of this batch for briquetting and the when tested
the moisture content was 20% and 15%, and so an average of 17.5%, it was thought these differences
could’ve been influenced by condensation.
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11. Conversion into an Energy Product
The very nature of heathland/woody biomass, ie high in lignin cellulose, in principle excludes it from
certain conversion techniques such as anaerobic digestion and more naturally lends it self to combustion.
It is felt that even the bespoke horizontal digester being designed through the DECC project, to take
material traditionally higher in lignin cellulose for digestion than is typically accepted, would not cope with
the woody nature of the biomass that heathland and associated habitats produce. However that said it
was considered that if bracken is harvested in the summer, whilst it is green it may be that it has some
bio-methane potential that could be exploited for energy.

11.1

Anaerobic Digestion

To explore the opportunity of utilising anaerobic digestion as a process to convert bracken into energy,
analysis was completed on a sample, harvested before the trials in November, off Aylesbeare Common,
East Devon, during September. This sample was produced using a single chop tractor mounted forage
harvester. The tests were undertaken by NRM laboratories and were subjected to a standard biogas
potential test derived from chemical analysis.
For the complete test results please see Appendix 2, however in summary it was found that at a moisture
content of 61.9% and therefore oven dry matter of 38.1%, there was energy in the bracken, with a total
gas yield of 188 M3/t and a total methane content of 52.2%. All these figures suggest that bracken would
behave positively being digested anaerobically. For example the material only just falls outside of the
margins for the dry matter that biogas producers work within, which are between 30 to 36%.
However due to its very high lignin content, although the material had a high total gas yield, it would be
difficult to realise as much of it as it would be tied up in the lignin. Grinding materials like this to reduce
particle size and to free up the gas yield from the lignin can help, but it is still hard to unlock.
This is supported by the work done by Ferguson and Armitage in the mid 1900’s when there was a huge
push to evaluate every possible raw material for any agricultural purpose. The sample tested had a dry
matter of 38%. The scientific paper by Ferguson and Armitage explains that even in June with lower dry
matter the bracken still has levels of lignin of 20%. Their findings were that:
1. The crude and true protein contents of young bracken in early June were high, 21 and 18%, but
these fell rapidly to 10% in mid-July and finally to 3% in October.
2. The lignin content was high throughout, rising from almost 20% in young bracken to 34% in the
nearly dead material.
3. The cellulose content followed the lignin content.
As a result this high lignin content makes bracken unsuitable for the Anaerobic Digestion process. These
results demonstrate that for heathland materials the most suitable energy conversion techniques is
through combustion. However the analysis of the trial samples will indicate the degree of suitability.
These results are presented in Section 14.
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11.2

Briquetting

As bioenergy plays an increased role in the delivery of the energy demand ways
to utilise non conventional materials is increasing. For potential feedstocks such
as those produced on heathland, it may be, dependent on the results of the
analysis work that loose material, as harvested during the trials, through double
chop and precision chop machines can be used directly into a boiler appropriately
designed. An example of these boilers are the Guntamatic multi-fuel biomass
boiler and the BGI multifule Biokompakt boilers which have an automatic auger
feed, illustrated opposite utilising woodchip.
One of the main considerations with loose material is the
continuity of supply and the need to replenish the hopper
with material more frequently. This is demonstrated by the
different bulk densities as illustrated below, which provides
an indication as to the frequency at which the supply would
need to be replenished.
Many of these modern boilers can deal with a number of
different fuel types and forms, from pellets, loose material to
briquette wafers and are loaded from a storage hopper via
an auger. This is adapted for the different fuel types, with
overload protection, if the system clogs then the auger
reverses to free the blockage.

Guntamatic boiler auger feed

Utilising loose material is acceptable if the material is produced close to where it is to be used, however
for transporting loose material which has a very low bulk density it is far more economic and carbon
efficient if this material is compressed.
Briquetting and pelleting are both processes that compact material under a great deal of pressure in a
contained die/former.
Bulk density differences illustrated by wetland biomass
3
• Reed Briquettes – 1198kg/m (Reference: Bilgin, Ertekin, Kurklu)
3
• Rush Briquettes – 1,200kg/m (Reference: Wynne)
3
• Reed Pellets – 666kg/m (Reference: Ash)
3
• Chopped Rush – 52kg/m (Reference: Wynne)
Both processes are similar in that briquettes are like large pellets, however the larger the surface area of
the resulting product means that there is less wear on the production machine. When utilising
unconventional materials the significance of this is increased.
The amount of compaction needed to form briquettes and pellets means that the material can cause
significant wear to the dies which create the ‘forms’ and any contamination with ‘rubbish’ such as stones
or other hard objects can result in serious damage. This can also make the process costly due to die
wear. However in the case of briquettes due to the larger mass of the briquette, the latter is reduced.
Additional power is needed in the production of pellets compared to briquettes. Not only for the required
higher degree of compaction to force the material through a pelleting press, but also the grinding of
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feedstock has to be done to a smaller partial size, e.g. able to pass through 5mm to 10mm screen
compared to a briquette that which needs to travel through a 30mm screen. In discussion with briquetting
and pelleting manufacturers, it is understood that briquetting uses about 25% less power for the same
calorific value.
Briquetting can also handle a greater range of moisture content often found in unconventional fuel stock.
This is largely down to the rate of compaction and size of resulting product. The use of additives to help
with variable characteristics of feedstocks is also far easier in briquettes due their larger size.
The advantage of pellets is their ease of use through larger commercial boilers and that many more such
boilers are now being used. However with the advances in automated log boilers and also multi-fuel
boilers, which can take briquette wafers (small sections of briquettes), it is now becoming possible and
more common practise to use briquettes in commercial and domestic boilers.
Briquetting can be achieved one of three ways; through an auger screw, hydraulic ram or a crank and
piston mechanism. Each of these has a different application and the choice of technique is particularly
important in relation to the characteristics of the biomass being processed. For example the auger screw
can be regulated to produce a lower density briquette will then be more tolerant of a higher moisture (up
to 30%) content than the hydraulic ram (10% maximum), the latter being more prone to steam explosions.
Mobile briquetters are now operated by contractors and are able to cope with material of up to a peak of
30% moisture content, but the desirable level is 20% or less. If briquetted at the higher moisture content,
the briquetting process will reduce moisture, but then produce a less dense briquette with a lower calorific
value. The mobile nature means that material can be processed on site and loose material does not have
to be hauled.
The degree of compaction will determine the composition/density of the resulting briquette and of course
the calorific value and the burn rate. For example the burn rate of brash wood in a high density briquette
at 7cm x 22cm long is similar to that of poor coal and will burn for approximately 1½ hours.
With some materials it may be that the lower density briquettes require a form of binding agent, to enable
the material to adhere together. Such agents can also improve burning qualities, particularly in the
briquette is made from slightly moister material. Oil such as rape oil can be used as an effective binding
agent. Although there is an increase in the cost of adding a binding agent; this needs to be set against the
reduced cost of drying.
Size of briquettes will vary depending on the machine used to produce them; this also means that they
can be produced for both domestic and industrial markets. Size again will be influenced by the feedstock,
however the bigger the briquette generally means that there is less wear on the production equipment.
Some briquettes are produced with a hole in the centre which can aid burning through enhanced air
circulation. Shape is also significant depending on the desired afteruse, eg rectangular briquettes, or
those with edges cannot be used in a log boiler with an automated feed as they will not roll down the
feeding mechanism. Packaging can also be affected as it is more difficult to fit larger briquettes into bags,
however bundles can be used.
Coatings can be added to briquettes, such as wax, which can serve a number of functions:
• Fire-lighting qualities – aids burning.
• Moisture resistance, briquettes due to the dryness of the material are vulnerable to taking on
moisture at which time they will swell and start to break up.
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•
•
•

Help with marketing as it increases the clean appearance of the product.
Increase the opportunity for branding – by wrapping a brand around the outside of the briquette
such as logo.
Can add an aroma, which can increase marketing opportunities as well as disguising other
odours that may be caused from the source material.

If the wax is added when the briquette is warm then the briquette will take on a limited amount and
provide a thin coating. If added when cold the briquette will absorb more wax and the coat will be rather
thick and of course cost more. The cost of waxing is dependent on through put, but on average for a
domestic briquette, of 7cm x 22cm it is 10p, (2010).
The benefits of briquettes as product compared to timber logs:
• Clean
• Easy to handle
• Not specialist
• Easy to transport and move
• Not dusty, or damp, will not mould, smell or harbour insects in the domestic situation
However it must be noted that as with soft wood logs storage of materials to be used for combustion is
the secret to maximising their calorific value. In addition in the case of briquettes, unless they are coated,
for example with a wax covering, they will absorb moisture and deteriorate unless kept dry.
Ingredients and the right recipe
The ingredients used in a briquette may well be determined by the biomass characteristics, for example
straight combustion of wetland material through briquetting has often had a bad reputation, due to
emissions and by-products. However some of these are misconceived and it largely depends on how and
what the material is burnt in. The new emission standards introduced for the Renewable Heat Incentive
now means that all new biomass boilers are adapted to be able to combust material to the necessary
standards. These boilers are equipped with an oxygen metre that monitor the flue gases to enable the
correct amount of oxygen to be imputed so reducing the chance of flue gases discharging emissions, but
providing enough oxygen to enable efficient combustion. Basically the only way to determine the
suitability of different biomass types and the right combinations is through completing a thorough
characteristic analysis with emissions testing in a domestic boiler scenario, which is to be completed as
an annex to this study.
Contamination
Contamination was named as one of the significant problems and challenges as part of the work done by
Little for the Forestry Commission on heathland materials. This is yet another advantage of briquetting
compared to pelleting, with not only less wear but also as an effect of calorific value. Spread over the
larger product of a briquette the impact of contamination may have some effect on calorific value, but as a
percentage of a larger final product the significance will be much lower.
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11.3

Type of briquetter used for the heathland trials

The briquetter that was used for the heathland trials was the Biomasser BMP6 (manufactured by ASKET
in Poland). This machine was originally selected for its appropriateness for the processing of wetland
biomass and this was for the following reasons:
•
•

•
•
•

•

•

•

It had more mobility
It is a ‘rotary’ machine (it takes the feedstock into a circular moving drum before pressing it into
briquettes) and therefore takes more varied feedstocks (i.e. bales, chopped material, loose
arisings, etc.).
It can make briquettes with a hole through the centre, which assists the drying process after
manufacture and increases the burning capability.
The manufacturer (ASKET in Poland) was able to increase the diameter of the finished briquette,
to improve production throughput and the length of burn when ignited.
It is able to handle straw-like material of varying moisture content and copes well if an error is
made and moist material is fed into the machine. The resultant steam explosion is handled well
by this particular type of machine.
The hole through the centre of the briquette aids the production of the briquette from mixed
moisture material as it provides an escape route for the steam. (This also has the added
advantage of improved burn characteristics and easier ignition of the briquettes.)
ASKET were able to produce a new parallel 80mm die - this enabled an increased throughput
and reduced maintenance costs as the die’s now have replacement wear collars. (Previously,
whole die replacement was required).
This machine exhibited the best throughput capacity which is 500kg/hr.

It was thought that the above advantages perceived for wetland materials could have a wider application
and benefit for processing heathland biomass. However the more woody nature of heathland vegetation
may well be more appropriate to the linear high compaction briquettes. Unfortunately such a machine was
not available to undertake any trials.
In both compaction techniques, solid particles
are the starting materials. The individual particles
are still identifiable to some extent in the final
product. The rotary and linear action extrusion
both represent compaction i.e., the pressing
together of particles in a confined volume. If fine
materials which deform under high pressure are
pressed, no binders are required. The strength of
such compaction is caused by forces such as
van der Waals’ or, valence forces, or simple
interlocking. Natural components of the material
may be activated by the prevailing high pressure
forces to become binders. However it has been
found that some materials need binders even
under high pressure conditions.

Briquetter in operation during trials
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Basic comparison of the two briquetting methods
Issues
Movement of material

High density briquette

Rotary briquette

As they are a denser product when moving the

However it is often not the volume that is restrictive

briquetted material more material can be carried for

when moving in the lorry load but rather the weight. So a

volume.

44 tonne lorry of rotary made briquettes would reach its
maximum weight before exceeding its volume.

Handling

Can be more robust to handle

Can break up easier as not as compacted

Burning

Can be difficult to ignite due to compaction

Easier to ignite as not so compacted

Milling

It takes more energy to mill the material

Not needed

Particle size

The small particle size means contamination often found

More able to tolerate contamination

in non-conventional materials is a serious problem
Moisture Content

Has to be below 10%

Can tolerate up to 30%

Drying

Energy used in achieving the necessary low moisture

Drying not needed to the same extent

content
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11.4

Bio-charring

Bio-charring or pyrolyis is a method of charcoaling, which is a process of thermal decomposition in the
absence of oxygen. This can be undertaken at different temperatures to create different results. When
executed at lower temperatures (around 400ºC) the input material will be converted into a more solid
char, this method is called slow pyrolysis, whereas using higher temperatures (around 500ºC) this will
produce a much higher proportion of liquid (bio-oil).
Timber products are typically bio-charred successfully as they have a high content of woody material.
Leafy materials have a low proportion of fixed carbon and generally form limited and brittle chars, typically
as a by-product of combustion. However it has been demonstrated that biomass such as rush and reed
are also successful. A number of companies sell the idea of bio-charring as a way to improve soil
structure and enhance fertility whilst sequestering carbon. Many feel that further work needs to be
undertaken on the long term effects of adding char to soils of different types. However its application to
the production of energy from biomass is its ability to increase the bulk density of the material and be
used as a high calorific value additive to briquettes.
For example test burns in other kilns have demonstrated that the net calorific values for charred wetland
materials were converted to the following through the charring process:
Biomass type

Rush/grass
Willow
Reed

Net calorific
values of input
biomass

Moisture
content of input
biomass

Net calorific
values of
charred biomass

Moisture content
of charred
biomass

14 MJ/kg
12.5 MJ/kg
14 MJ/kg

20% MC
30% MC
20% MC

20.7 MJ/kg
23.6 MJ/kg
30.9 MJ/kg

3.7%
2.7%
3.8%

The char figures are comparable with fossil fuel and other fuel equivalents:
• House coal 27 – 31 MJ/kg
• Anthracite 33 MJ/kg
• Miscanthus bale 13MJ/kg
Increasing bulk density of materials can have a number of applications in the conversion of reserve
biomass into energy products. It provides the ability to process small amounts of material on site which
can then be moved for inclusion into an energy product off site, without moving large volumes of bulky
materials. In some test burns it has been found that he conversion rate of fresh reed to charcoal was
found to be 5.4 to 1, rush and grass at 6 to 1 and seasoned willow at 4.2 to 1.

11.5

Type of kiln used for the heathland trials

As mentioned in the previous section, the process of bio-charring is conducted in a kiln, some kilns only
have a small capacity and as a result could be labour intensive to load. However as part of the DECC
project a new kiln ‘MK III’ as illustrated below has been designed which can take 6m3 of material at one
time. The process also produces excess heat and this kiln harnesses this heat to aid in the drying of the
biomass before it is bio-charred. Ideally materials need to be at below 15% before charring takes place.
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The kiln which has been developed by Carbon Gold and AMW, 'Mk III' has the configuration of two kilns
and a single combustor. This has the advantage of offering a greater degree of flexibility in its application
with the following specifications:
•
•
•
•
•

•
•
•

Burn time – around 8 hours - 4 hr drying process and 4 hr charring process
Moisture content – up to 60%
Feedstock size – rice husk and wood shavings up 30cm length logs
Feedstock type – most types of biomass
3
Feedstock volume – two x 6m
Fuel source – dry woodchip and wood pellets
3
Char yield – up to 800kg per burn (400 per 6m chamber)
Infrastructure used – 4 electric fans and a generator

The kiln is a versatile commercial kiln that is capable of both drying and charring a wide range of
feedstocks. The kiln is built in to a 20ft container for the ease of transport. The kiln consists of two kiln
3
bodies and an external combustor; there is 6m capacity for feedstock in each kiln body. The kiln can run
in three ways:
1. Drying – Both kiln bodies are filled with wet feedstock which is air dried using wood chip in the
combustor, the heat generated in the combustor is used for removing moisture in both kilns.
2. Charring 1 – One kiln body is filled with dry material, such as reed bundles, to be charred. Gas
produced during the pyrolysis is used to fuel the combustor and the excess heat is used to dry
the material in the other kiln body.
3. Charring 2 – Kilns are alternatively filled with wet material which is initially dried using the excess
heat from the other kiln body and is then charred and provides heat for the drying of the refilled
other kiln body.
Wood is used to fuel the combustor and after the moisture has been removed from the feedstock the
temperature is elevated into the pyrolysis zone and the resulting gases burnt. Temperature is monitored
in the top and bottom of the kiln. When the bottom temperature exceeds 400'C the material is generally
charred.
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The kiln works as a heated gas pyrolyser. Hot products of combustion are drawn from the combustor up
the outside of the kiln and then pulled down through the pyrolysing material. This combination of pyrolysis
gas and re-circulated combustion gas is extracted and incinerated in the combustor and the majority of
the burnt gas released through the chimney.
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12. Briquetting Trials
A number of briquetting trials were undertaken, however during the Kent trials there was a degree of
difficulty in achieving the required amount of dry material needed, approximately 2 cubic metres to
complete each trial. Although the briquetter will deal with material at a moisture content of up to 30%,
lower than this produces a higher quality product and there is a risk that moisture levels in the high 20%s
can produce steam explosions. Due to the number of different trials being undertaken and the
requirement for each being specific, not all materials could be used for all the trials.

12.1

Gorse

As the gorse was a challenge to clear mechanically with the machines on trial, only a limited amount of
material was harvested. As described earlier this was undertaken both by hand with a chainsaw and
using the Softrak with the double chop forage harvester. All this harvested material was then used to trial
drying and charring in the kiln. As a result no straight gorse briquettes were produced.
It was felt that due to the woody nature of gorse it was more a kin to timber, which has a good reputation
for briquetting compared to the other non conventional materials, such as bracken, heather and char,
gorse was the preferred type not to be covered as part of these trials. However gorse was included in the
work done after the harvesting in Devon was undertaken covered later in this section.

12.2

Heather

Heather which had been dried in the char kiln was then used for briquetting; this was measured to have
an average moisture content of 17.9%. The briquetting trials revealed that it was a difficult material to bind
together. Even using the double chopped material the briquettes produced were very flaky and didn’t bind
together readily. The results were briquettes of low durability, which crumbled very easily. The trials
suggested that the fibres of the heather were too stringy and wiry and as a result failed to compact. Little
in his 2010 trials, experienced a similar issue, when he noted that due to its ‘stringy nature, it was difficult
to feed the heather into the hammer mill and for ease of handling should be chopped more finely in order
to facilitate flow/ auger feeding’. Experience from the briquetting of wetland biomass suggests that the
slightly longer chop length material produces better briquettes when utilising a rotary briquetter. The
results have been of a good consistency and more durable, however with heather which is a far wirier
feedstock, initial trials suggested that this was not the case. This was then later confirmed with the further
tests undertaken using a mixed heath sample. The other difference to wetland material is the similarity of
the heather chop lengths achieved using the different foragers. Due to the brittle nature of the material the
resulting particle size in a large percentage of the cut material was similar from the two machines.
However it was the remaining small number of
longer lengths that proved problematic.
Following successful trials with briquetting bracken
as described below in 12.3, heather was then mixed
in small quantities with bracken and these briquettes
displayed more successful results. These are
presented in Section 12.5 and show promise for
further trials in the future. The pliable and binding
nature of the bracken seemed to offer the additive
needed by the heather to aid compaction and
adhesiveness.

Briquetter and cooling rail during trials
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An additional factor that could be varied as part of a future trial, which may improve briquette stability and
durability is the length of cooling rail used on the briquetter. As seen in the photograph above, the cooling
rail leads from the briquetter and carries the briquette once produced in one long form. It is only when the
length gets to the end of this rail when it drops into a vessel that the briquette is formed. Carrying the
material in this rail allows the briquetted form time to cool. The longer the rail the more time the briquette
has to consolidate before breaking off into individual briquettes. The process of cooling, which gives the
briquette time to consolidate and adhere together, seems to aid durability producing a less flaky, more
solid briquette.

12.3

Bracken

Both the bracken that was harvested in a dry state and
the bracken that was dried in the kiln were used for
briquetting. This material was measured to have an
average moisture content of 17.5%.
The trials undertaken with briquetting of bracken were
the most successful of all. It was found that the material
briquetted well, and due to the mix of fibre length and
composition it showed good binding qualities. The
readiness of the material to break down and to be
compressed meant that it didn’t resist or limit
compaction. Briquettes were easily produced without
having to adjust the briquetter or tweak the process.

The cooling rail during production

For bracken the length of the cooling rail used at 6.4m,
which was the same length used for the heather, was
appropriate and the briquettes that resulted had high
durability. The average length of bracken briquettes
produced was between 12cm and 16cm.
The briquettes produced were both consistent and
durable, with the heat of the process appearing to bind
the flat fronds of the feedstock into a good, compact end
product.

Bracken briquettes
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12.4

Gorse char and bracken

After the successful briquetting of bracken and the production of gorse char through the bio-char kiln, a
mix of bracken and gorse char was trialled in the briquetting process. This is the first time that this has
been trialled and it was found that incorporating the char was not particularly easy; it tended to make the
briquettes very unstable and flaky. Although they compacted well, with little resistance, the final briquette
had low durability and crumbled very easily. It was felt that this could be attributed to two reasons:
1. As the char had recently been produced it had to be wetted down to ensure it was cool enough
for it to be removed from the kiln. As a substance it appears to take in moisture very readily, this
resulted in the material being too moist to briquette successfully. The moisture made the briquette
less adhesive and more prone to flaking apart, preventing good durable briquettes forming.
2. Adding too much char into the mixture.
To address the second point, different percentages of char were added to aid durability and stability, but
even at the lower percentages it was found that the briquettes did not adhere together well. However it
can be seen from the photographs below that they did increase in stability as the percentage of char was
reduced.
The other issue that may be a concern with the addition of char into the briquettes is that the black of the
char did not enhance their appearance. This may need consideration if such briquettes were to be
produced for the domestic market. However unlike charcoal typically used for domestic barbeques, this
char does not blacken the skin when touched, so although the briquettes appear black, they do not leave
a black residue when handled.

Up to an estimated 25% of gorse char added to bracken

Up to an estimated 50% of gorse char added to bracken

The benefits of adding char to a briquette product is considered to provide added quality particularly in
relation to an increased calorific value which is attributed to charred material. Such benefits like this will
need to be considered in relation to briquette appearance and the place of the product in the market. It is
really a question of what would be the expected appearance of a high value product, which has excellent
combustion qualities. However a further consideration would be the story behind the briquette production
and the processes used to achieve the final product. This may generate interest and curiosity in the
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product. It may be that char briquettes can sit alongside other unconventional biomass briquettes in the
market, which form more traditional looking products, similar to sawdust briquettes that the public are
familiar with, to gain customer confidence.

Up to 10% of gorse char added to bracken

Up to 10% of gorse char added to bracken

The results of the characterisation work, which includes the charred materials completed as part of the
trials are presented in Section 14, this identifies the different attributes that each of the materials possess.
This information will play an essential part in future marketing decisions and it will enable conclusions to
be drawn about the most desirable recipe of ingredients for heathland briquettes, based on factors such
as calorific value, emissions, and ash content.

12.5

Heather and bracken

Again following on from the successful bracken briquetting and the inconclusive results of heather
briquetting a trial combining the two materials was undertaken. Based on the results of adding char to the
briquetting process and the production of flaky briquettes of low durability, a small percentage of material
was trialled.

Less than 5% heather added to bracken briquette

Less than 5% heather added to bracken briquette
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The first trial was the introduction of up to 5% heather into the bracken briquette and this produced a
satisfactory and successful product. Although some sections of flaky, less durable briquette were
produced the most likely reason for this can be attributed to issues such as the cooling rack length, the
trial conditions and material moisture content.
It should be noted that during the heather briquetting trials, some of the dried heather which was trialled
did in fact cause a steam explosion, so although on average the material was 17.5%, one of the values
was 21%. Such moisture content would reduce the adhesive qualities of the material which would help to
explain their slightly less durable nature.

Estimated 10% heather added to bracken briquette

Estimated 10% of heather added to bracken briquette

The other trial completed was the same combination, but with an estimated 10% of heather to the
bracken briquette, as illustrated above once again a satisfactory briquette resulted, with just a limited
amount of flaking. Again this can probably be accounted for and is something that can be overcome with
more concentrated briquetting trials to find the right percentages of different ingredients which produce
the most satisfactory product.

12.6. Mixed heath
To further the briquetting work, and resolve some of the unanswered questions from the work undertaken
in Kent, material that was harvested with the Softrak and Ehlo double chop harvester off Aylesbeare
th
Common, Devon on 18 February 2015 was also briquetted. The biomass trialled was that which had
been harvested off the mixed heath area estimated to be around 6 to 10 years old, made up of
approximately 60% heather and 40% gorse, with a presence of bracken. The moisture content of the
material was at 54% when harvested and this was dried down through air circulation to 28% to enable the
briquetting to be undertaken.
During these trials it was shown that the larger particle size produced by the double chop harvester
proved problematic, not only from a length perspective, but in relation to width and diameter. This may
also help to explain the difficulties experienced previously with the briquetting of heather, when the longer
wiry material resisted compaction. The lack of consistency between the particle size of the harvested
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biomass proved to be very challenging for the feed mechanism of the
briquetter. Any particles over in size 40mm could not be dealt with and
jammed the briquetting feed system. This was resolved by removing
the larger particles through a screening process. This was done simply
through shaking the biomass through the tines of a hand potato fork to
remove the larger pieces. As a result once the material had been
screened down to be a consistent size of approximately 40mm or less,
good compacted briquettes were formed of the mixed material.
The photograph opposite illustrates the variance in the nature of the
particle size found in the double chopped material. The particle circled
illustrates those there were typically ‘too big’ for the briquetter feed
mechanism, causing the system to malfunction.
When handling this variable material, it was felt by AB Systems, who
were undertaking the trials that a similar situation would be experienced
with a linear briquetter, which like the rotary requires a constant feed
size. In fact on many linear briquetters a milling machine is
incorporated to reduce particle variability and ensure a consistent feed.

Mixed heath briquettes, 60% heather / 40% gorse

12.7

Mixed heath particle sample

Mixed heath briquettes, 60% heather / 40% gorse

Conclusions

The experience of briquetting, bracken, heather and a combination of heathland materials has been
mixed, but very valuable. There were a number of key factors which were identified through the various
trials undertaken which affected the results produced. These were not surprising factors and could be
considered as ones which are obvious when producing a product under compaction and one which is to
be combusted. Specifically these were moisture content and a suitable consistent particle size.
Moisture content not only affected the capability of the briquetter to produce a successful briquette, but
will also determine the burning qualities of the product and crucially its calorific value. A wet briquette is
the same as a wet timber log – a very poor energy product, needing to dry out the moisture before
producing any heat. The trials illustrated consistently that harvested material needed to be of a suitable
consistent particle size that could be both dealt with by the feed mechanism, but also to produce a
product that bound together. The harvested bracken defied this due to the pliable nature of the material,
which could be compacted whatever its size, unlike the larger gorse pieces and the wiry heather which
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could not. It is known that achieving the correct particle size is easily achieved, through adding the
process of milling into the system, (as used by Little), but this will not only add time and cost into the
conversion process but also energy use. Future work should look at the ideal briquetting particle size for
each of the biomass types and how best this can be achieved in both cost and carbon terms.
It can be concluded that briquetting is a viable way in which to turn the biomass types trialled into energy
products. However further work is needed on the considering the most desirable mix of ingredients,
together with identification of required particle size and moisture content for each biomass type and how
this can be achieved sustainably and part of a main steam operation.
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13. Bio-charring Trials
Bio-charring of the three main vegetation types was completed and the graphs and results are outlined
below. As expected partly due to their woody characteristics, all three samples charred very successfully
and relatively quickly. Analysis of the three char samples was also undertaken and the results are
presented in Section 14.

13.1

Gorse Charring Trials

The gorse charring was undertaken immediately after the gorse sample was dried, the details of this are
covered as part of Section 10. This follows that it was the chainsaw harvested and chipped material that
was utilised.
It can be seen from the graph below that including the temperature ramp, the charring time was just under
two hours, starting at 16.56pm and concluding at around 18.52pm. During the charring the heat input to
the combustor was maintained at around 40kW.

The temperatures displayed on the graph indicate that this material is strongly exothermic in pyrolysis at it
readily released heat with very little additional heat required. The spike at 6:45pm in the inlet temperature
represented by the red line on the graph was caused by an increase in the recirculation fan speed which
resulted in a certain amount of overheating.

82

The photographs below illustrate the gorse samples before and after charring, in the char photograph on
the right, although the process seems to have reduced down a large percentage of the material particle
size, a number of gorse-like pieces can still be seen.

Gorse char

Gorse before charing

As mentioned previously in Section 11, increasing the bulk density of materials can have a number of
applications in the conversion of reserve biomass into energy products. It provides the ability to process
small amounts of material on site which can then be moved for inclusion into an energy product off site,
without moving large volumes of bulky materials.
The bulk density measurements for the double chopped gorse before charring was recorded to be the
following:
3
• Dry double chopped gorse = 81kg/m
Once charred the bulk density measurement was:
3
• Charred double chopped gorse = 223kg/m
3

This demonstrates an increase in bulk density of 142kg/m which is an increase of 64% and a conversion
rate of 2.75 to 1.
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13.2

Heather Charring Trials

Due to time limitations during the trials in Kent, the heather char was produced from material off Pembury
Heath, but transported back to Carbon Gold’s workshop in Bristol, where the trials were undertaken on
th
the 17 February. The double chopped heather that had been previously dried in the kiln was utilised.
There was only a limited amount of heather available so this material was placed on top of a bed of rice
husk to obtain the necessary kiln feedstock volume. The drying heat input started at 100kW and was
raised to 150kW. During the gas burn with this kiln the heat was extracted from the combustor, which had
the damper closed, to the other kiln for feedstock drying. There was an operational error in the setting for
this which led to a severe spike in the bottom temperature recorder and subsequently some pressure
fluctuations in the kiln. The high charring temperature led to relatively rapid charring (particularly of the
rice husk).

It can be seen from the graph above that including the temperature ramp, the charring time was much
longer than the time taken for the gorse to char, at just less than 9 hours, starting at 9.23am and
concluding at around 18.15pm. During the charring the spike in the graph illustrates that for this burn the
temperatures reached were just over 500°C.
The material resulting from the trial was very dusty, with only a limited number of larger particles visible,
as illustrated in the heather samples before and after charring photographs below. This reduction in
particle size was both due to the higher charring temperature and the need for the sample to be turned in
the kiln a number of times to ensure that it was stable before removing. Unlike the gorse double chopped
sample, very few heather-like particles in the resulting char can be seen.
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Heather char

Heather before charing

The bulk density measurements for the double chopped heather before charring was recorded to be the
following:
•

Dry double chopped heather = 92kg/m

3

Once charred the bulk density measurement was:
3
• Charred double chopped heather = 293kg/m
3

This demonstrates an increase in bulk density of 201kg/m which is an increase of 69% and a conversion
rate of 3.18 to 1.
This high ratio of conversion, considering the highly structured double chopped material can most likely
be attributed to the factors mentioned above. Specifically the high burning temperature and the need to
stir the sample in the kiln, physically breaking up particles and reducing them in size. The very dusty
nature of the sample has dramatically increased its bulk density.
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13.3

Bracken Charring Trials

As with the heather above, the time limitations during the trials in Kent, meant that the bracken char was
produced from material off Pembury Heath, but transported back to Carbon Gold’s workshop in Bristol,
where the trials were undertaken on the 11th February.
This trial was run with a heat input of 150kW during the drying phase. In the gas phase there was no fan
recycle applied and the chimney damper was used to control combustor heat release and prevent gas
backflow - as shown when the burner temperature crosses above the inlet temperature. Both recover
sharply when the damper is closed.
It can be seen from the graph below that including the temperature ramp, the charring time was much
longer than the gorse charring and more akin to the heather at just over 7 hours, starting at 10.40am and
concluding at around 18.00pm. However this burn was much cooler, with charring undertaken below
300°C. The relatively low charring temperatures used were raised at the end by increasing the gas fan
speed. This material is very reactive and the fresh char catches fire immediately upon contact with air.

The photographs below illustrate the bracken samples before and after charring, in the char photograph
on the right; the process has significantly reduced down a very large percentage of the material particle
size, with only a very small number of bracken-like pieces still to be seen.
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Bracken char

Bracken cut with the Pisten Bully and Kemper header

Bracken before charing

The bulk density measurements for the precision chopped bracken before charring was recorded to be
the following:
•

Dry precision chopped bracken = 86kg/m

3

Once charred the bulk density measurement was:
3
• Charred precision chopped bracken = 136kg/m
3

This demonstrates an increase in bulk density of 50kg/m which is an increase of 37% and a conversion
rate of 1.58 to 1.
This low ratio of conversion, may well be attributed to a couple of factors such as the original small chop
resulting from the Kemper precision header, resulting in the material being able to be finely packed. But
also the lack of structure of the chopped bracken, with few large stems and flat fronds could contribute to
this. However the main factor effecting both measurements and the low bulk density readings is the
weightlessness of bracken and once again its lack of structure.
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14. Characterisation2
14.1

Biomass

Biomass samples of heather, bracken, gorse and birch scrub were collected during the harvesting trials,
with triplicate random samples of each acquired from respective harvests. Particular attention was given
to ensure that a cross section of samples was gathered so that comparisons could be drawn between the
different harvesting techniques. Such comparisons would be able to indicate the effect that the Ehlo
double chop and the Kemper precision chop had within the process of converting the material into an
energy product. This would particularly facilitate the issue of contamination identified by the Forestry
Commission to be explored further.
Although the harvesting trials were not extended to cover rhododendron and chalk grassland scrub,
samples were gathered for analysis as these species are also considered to produce significant amounts
th
of problematic biomass. Triplicate samples of rhododendron were taken on the 14 January 2015, from
Perry Wood, East Kent. This is a sweet chestnut coppice with rhododendron infestation; with a superficial
geology of head deposits over chalk. This material was harvested by hand and shredded using an Eliet
th
Major Shredder. Triplicate samples of chalk grassland scrub were also collected on the 14 January
2015. These were harvested from Devil’s Kneading Trough, Wye, Kent, chalk grassland SSSI. The
species in the chalk grassland scrub sample were hazel, hawthorn, birch, bramble, blackthorn and dog
rose. The SSSI is on a chalk bedrock with a thin rendzina soil, and no superficial deposits. Once again
the samples were hand cut and shredded using Eliet Major Shredder.
All the samples were analysed for the following:
a. Acid detergent fibre
b. Lignin and neutral detergent fibre
c. Ash
d. Mineral compositions (sodium Na, potassium K, calcium Ca, magnesium Mg and phosphorus P)
The analytical laboratories at IBERS (Aberystwyth University), provided analysis of the overall ash
composition as well as the sodium, potassium, calcium, magnesium and phosphorus levels. This is
important to help understand the ash softening temperature which is significant for assessing the efficacy
of combustion fuels.
To understand the potential of biomass to create negative emissions following combustion and for
calculating the ash softening temperature the sulphur and chlorine levels were established at MEDAC
commercial laboratories following sample preparation and data analysis at IBERS.
To work out potential processing streams for biomass it is essential to understand its tissue composition,
as s result the acid detergent fibre, neutral detergent fibre and acid detergent lignin were determined at
IBERS analytical laboratories.
•

Carbon C, hydrogen H, nitrogen N, sulphur S, and chlorine Cl.

The C, H and N compositions were established at the MEDAC commercial laboratories and then used to
calculate the calorific values. Sample preparation and calculations were conducted at IBERS,
Aberystwyth University
2

RSPB Heathland biomass characterisation report, Dr. J. Corton
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Three biomass types of heather, gorse and bracken were charred using slow pyrolysis. These biomass
samples were also characterised following drying and milling and the results were analysed using
Genstat statistical software employing a one way analyses of variance.
Dominant species
Gorse

Bracken
Heather
Heather
Birch Scrub
Chalk grass
scrubland
Rhododendron
Gorse char
Bracken Char
Heather Char

Harvesting method

Post-harvest processing

Chainsaw (Husquarna 550)

Chipper

Softrak (double chop flail)
Softrak (double chop flail)
Pisten Bully (kemper head
precision chop)
Softrak (double chop flail)
Pisten Bully (kemper head
precision chop)
Pisten Bully (kemper head
precision chop)
Eliet Major Shredder

Hand cut
Hand cut

Eliet Major Shredder

Hand cut
Pisten Bully (kemper head
precision chop)
Pisten Bully (kemper head
precision chop)

Chipped, slow pyrolysis
Slow pyrolysis
Slow pyrolysis

Table 1 The harvesting and processing methods used for different habitat types.

14.1.1 Soil contamination
As discussed previously the impact of harvesting on soil contamination of biomass during harvesting
increases the ash composition of the harvested biomass and can affects its performance as a combustion
fuel. This therefore also has implications for processing equipment that might be employed post-harvest.
If was found through the analysis that the heather dominant biomass that was harvested with the Ehlo
3
double chop on the Softrak 120 had significantly (p = 0.05) higher levels of ash compared to heather
dominant biomass harvested with the kemper header on the Pisten Bully (Table 2). However surprisingly,
other biomass types such as bracken were shown not to be affected by harvesting method.
Only species harvested by two distinct methods are considered in this section.

3

The p value - below 0.05 in this case means that it is unlikely that the effect we are looking at has occurred by
chance. We can therefore assume that the heather harvests (below 0.05) are the ones that have different ash
compositions according to harvesting method. Any differences in the other two biomass types may have occurred by
chance.
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Table 2 Heather dominant biomass has a significantly different ash composition that possibly
relates to the harvesting method employed.
Gorse

Bracken

Heather

0.582

Mean chainsaw &
chipper
2.4

Mean
Softrak
2.14

p-value

Mean Pisten Bully

0.661

4.69

Mean
Softrak
4.53

p-value

Mean Pisten Bully

0.045

2.1

p-value

Mean
Softrak
10

As illustrated in the table above, gorse and bracken dominant biomass were not significantly different with
regard to ash composition due to harvesting technique, indicating that the heather cut may need further
investigation. However in part this could be explained by the nature of the substrate under the heather,
which was very exposed, loosely compacted, sandy and easily disturbed, unlike the bracken and gorse
samples which were taken from areas which had partial grass cover.
High levels of ash can impact on the energy value of a feedstock as illustrated in figure 1 below.

Figure 1 The calorific value of biomass generated from two distinct harvesting regimes.

Figure 1 illustrates that there is a possible impact on the calorific value with regard to the harvesting
method and its effect on soil contamination. The average megajoule per kilogram of dry matter
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(MJ/KgDM) recorded for the Ehlo double chop on the Softrak 120 was 14.8 MJ/KgDM, compared to the
Kemper header on the Pisten Bully, which was at 20.7 MJ/KgDM. This equates to a difference of 5.9
MJ/KgDM which as a percentage represents a significant increase of 40% in the calorific value of the
material harvested with the Kemper header.
In order to maintain the same sample numbers for statistical analysis Softrak data only was used in all
further analysis disseminated in this report. For further statistical analysis the heather Pisten Bully data
was used.

14.1.2 Ash composition
For the combustion of non conventional materials such as the heathland biomass being trialled
understanding the details on substances such as ash and its production on burning is important. This is
particularly in relation to how the material is converted and then utilised, but also how the end products
may be marketed. Factors such as ash production will effect the type of boiler that the material can be
burnt in both to ensure it is able to accommodate potential increases in ash and as the emptying
capability, but also one which can deal with a potential build up of clinker, which is a material produced a
result of ash melting, in the boiler.
The ash composition from the materials analysed (with standard error bars) is illustrated in figure 2.

Figure 2 The mean ash composition of biomass dominated by different species. Error bars
represent the standard error of the mean.
Figure 2 does not include the high ash found in the Softrak harvested biomass described in section 1.b.
The materials represented in the graph were harvested by the following means:
Gorse
Bracken

Softrak
Softrak
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Birch scrub
Heather
Chalk grassland scrub
Rhododendron

Pisten Bully
Pisten Bully
Hand cut then Eliet Major Shredder
Hand cut then Eliet Major Shredder

4.1.3 Mineral analysis
The minerals are a component of the ash fraction and need to be considered once again in relation to the
utilisation of the biomass as a combustion fuel. The sulphur (S) composition of all the biomass types
examined in this study was below 0.01%. This was the detection limit of the analytical laboratory
employed in this work. In the absence of EN standards for briquettes, (as quoted by Little for pellets),
advisory levels of sulphur composition for combustion fuels are below 0.1%. This renders all the biomass
types examined in this study as for combustion with regards to the sulphur composition (Obernberger et
al., 2006).
Chlorine as a mineral also needs consideration, because of the some of the challenges it can present. It
can be difficult because it is a component in dioxin formation and this is a problematic pollutant. The other
issue relating to Chlorine composition is like mentioned previously in relation to the equipment used for
combustion, as it has the potential to damage the combustion chamber through corrosion. As a result in
respect to chlorine (Cl) the advised level in a combustion fuel is also 0.1% (Obernberger et al., 2006).
However as indicated below in figure 3 some of the levels recorded from the heathland biomass were
higher than and close to this level. As shown this means that heather and chalk grassland scrub are on
the borderline of an advisable Cl composition and rhododendron is comparatively high. Based on these
levels it may be concluded that rhododendron would be too problematic and therefore unsuitable as a
straight combustion fuel feedstock unless processing such as demineralisation was undertaken.

Figure 3 The Chlorine composition of different biomass types. Error bars represent the standard
error of the mean. DM = dry matter.
Demineralising through processing by hot water pre-treatment and pressing is one way to lower the Cl
levels (Hensgen et al., 2012). Unfortunately the viability of this type of processing for lignocellulosic
biomass (as opposed to soft green biomass) has not yet been clarified or tested. However, if chipped and

92

soaked then this kind of biomass may be a viable feedstock for screw-press processing. This separates
the solid and the liquid fraction of the biomass. It is the liquid fraction which holds a high percentage of
the problematic minerals and through this process of separation, they can then be utilised outside of the
combustion process. This leaves the remaining solid fraction to be burnt without needing to deal with and
accommodate the difficult mineral characteristics. Utilisation of this method opens up the potential for
combined anaerobic digestion, (AD)/combustion processing (Bühle et al., 2011; Corton et al., 2013;
Corton et al., 2014).

Figure 4 The trace element profiles of different biomass types. Error bars represent the standard
error of the mean. DM = dry matter.
Mineral composition varies across the biomass types examined in this work (figure 4), those displayed are
higher than found in good quality wood fuel. The calcium (Ca) levels are highest in bracken,
rhododendron and chalk grassland scrub. Calcium is noteworthy as it can be advantageous in a solid fuel
to be combusted as it raises the ash softening temperature. Other considerations are the high potassium
(K) composition of rhododendron which will also be advantageous for ash softening temperatures
(Hensgen et al., 2012). Raising the ash softening temperature will reduce the likelihood of clinker
formation, which occurs when ash softens and melts. If this happens at a lower temperature then the
occurrence will potentially be more frequent and more problematic. This formation of hard ash and clinker
can affect boiler performance and have corrosive abilities.

14.1.4 Calorific values
In order to avoid confusion the higher heating values are presented here as opposed to lower heating
values which can be calculated in a variety of ways. It should be noted that these calorific values are for
dry biomass and the energy required to drive off moisture is an added consideration.
4

There are significantly different groups (p=0.01) according to calorific value (higher heating value (HHV)).
Heather dominant biomass (Pisten Bully cut) has the highest and chalk grassland scrub has the lowest,
as illustrated in Table 3.
4

The p value - below 0.01 in this case means that it is unlikely that the effect we are looking at has occurred by
chance.
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Table 3 The mean calorific value (higher heating value) of biomass harvested from different
habitats.
Species
Mean
Grouping
Chalk grassland scrub

18.59

a

Bracken

19.11

a

Rhododendron

19.51

ab

Gorse

20.29

bc

Birch Scrub

20.82

c

Heather

22.23

d

Letters show statistical groupings according to post hoc multiple comparison test (Bonferroni).

Figure 5 The higher heating values (HHV) of biomass dominated by different species. Error bars
represent the standard error of the mean.
The mean heating values are also represented above in the graph figure 5. As expected these correlate
closely with the carbon composition (correlation co-efficient of 0.998). The lignocellulosic (woody: gorse,
heather, rhododendron) biomass tends to have higher calorific values than the bracken. The heating
values displayed for gorse, birch scrub and heather are similar to those that are typically found in the
wood range.
However once again it must be emphasised that these values are for dry biomass and it has been
illustrated through the harvesting trials that the dry matter composition of heathland biomass is typically
low when it comes off the field. As a result any moisture will need to be driven off, which places a special
importance of good drying facilities and processes in any end-to-end delivery for these biomass types.
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14.2

Biochar

14.2.1 Calorific values
As outlined in previous sections, heather, bracken and gorse where put through the biochar kiln and the
technique of slow pyrolysis was utilised for the production of char, which was very successful for each of
the biomass types. Each of these types were characterised and the significant results are presented
below:
The calorific values of each of the chars produced show some variation but a one way analysis of
variance shows that they are not statistically different (p=0.05; figure 6). This is good for processing and
conversion as there is a reasonably consistent char higher heating value (HHV) production from all three
char types tested. This means that if char from any of the material trialled, is mixed into the unprocessed
biomass, as detailed above, for the purposes of combustion fuel production, eg to produce a briquette,
then it can be assumed that the results will be fairly consistent independent of feedstock type.

Figure 6 the higher heating values (HHV; megajoules per kilogram MJ/kg) of three biochar types
made from biomass dominated by different species. Error bars represent the standard error of the
mean.
When charred material is compared to the calorific values of un-charred biomass, it is interesting to note
that the values are consistently higher, as presented in Table 4 below.
Table 4 The mean calorific value (higher heating value) of biomass harvested from different
habitats, charred and un-charred.
Species

Mean un-charred

Mean charred

Bracken

19.11

23.97

Gorse

20.29

27.95

Heather

22.23

24.67

14.2.2 Ash composition
The ash composition of char is typically high; this is due to the fact that much of the ash remains in the
char following processing (figure 7). As mentioned previously this obviously has implications when using
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char as a combustion material, particularly when utilised as one ingredient in a number of biomass types.
The implication is that biochar needs to be mixed in small amounts with lower ash composition materials if
it to be used as a combustion fuel. Such a proposal is currently being looked at by the AMW-IBERS
project as part of their wetland biomass to bioenergy system. Through this project they are investigating
the production of a mixed biomass briquette that contains a combination of soft wood, rush press-cake
and common reed char.

Figure 7 The ash composition of heathland biochars.
As illustrated the gorse derived char has the lowest ash composition when compared to bracken and
heather char. From the three biomass types, it can there be seen that gorse is particularly suitable for
mixing into combustion fuels as more can be added with less impact on the overall ash composition and
the calorific value raised sufficiently. However when compared to the un-charred material as presented in
Section 14.1.2, it can be seen that the differences are dramatic, so an assessment of the gains through
the increase in calorific value compared to affecting ash production will need to be considered in the
development of a mix of biomass ingredients for the production of the most effective final combustion
product.
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14.2.3 Mineral Analysis
The Sulphur compositions are not presented here because they were all below 0.01% composition. This
is below advised levels for combustion fuels (Obernberger, 2004).
Table 5 The average mineral composition of chars made from different feedstocks that are
statistically different at p=0.05.
Mineral

Heather Char

Gorse char

Bracken Char

p-value

Magnesium

0.1624a

0.3941ab

0.7002b

0.03

Pottasium

0.463a

1.081b

1.506ab

0.01

Sodium

0.0449a

0.3225b

0.1063a

0.04

Phosphorus

0.0587a

0.1205ab

0.1734b

0.01

Chlorine

0.076a

0.13041a

0.09672a

0.17

Letters show statistical groupings according to post hoc multiple comparison test (Bonferroni).
Chlorine is the only mineral that is not statistically different across the three char types.

Figure 8 The mineral compositions of chars made from various feedstocks; DM = dry matter.

14.3

Conclusions and comparisons

From the characterisation undertaken, some similarities can be seen when comparing the results for the
duplicated biomass types with those produced in the study by Little for the Forestry Commission in 2010
and 2011. For example ash levels were generally slightly higher, with the exception of the 6.6 value for
gorse recorded by Little in 2010 compared to this study which reported 2.21. The readings for sulphur in
this study all fell below 0.01, but Little recorded between 0.02 and 0.04. Chlorine levels were similar for
gorse, but this study revealed slightly higher levels for heather at 0.09 compared to Little’s 0.03.
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The biggest difference in findings in relation to the straight biomass analysed was in respect of the
contamination and how harvesting significantly effects the value of the resulting biomass. This is probably
best presented by the calorific values recorded, shown in Table 6 below:
Table 6 The mean calorific value, MJ/Kg (higher heating value) of biomass harvested from
different habitats.
Species

Little

This study

Rhododendron

17.32

19.51

Gorse

16.7

20.29

Heather

17.4

22.23

Although the ash composition of heather harvested using a Softrak was significantly higher than the ash
composition of heather that was cut with a Pisten Bully it cannot be established that the differences in ash
composition was due to the cutting method. This is because it may relate to the sub plots that were cut
and cutting height which was variable on the Softrak. When bracken dominant biomass was cut using the
same machines no difference in ash was detected. This indicates that cutting can provide variable levels
of soil contamination. However, it cannot be ruled out that the difference may be due to the harvesting
equipment employed.
To follow up on this aspect of the characterisation it would be advantageous to take samples from a
multiple number of sites, to provide a broader study area. This work could then look at substrate type and
form, together with ground cover as all factors that cannot be ruled out as effecting soil contamination and
not ruled out by this study.
The analysis work on the char revealed the increased calorific values as expected, but with this came
increased ash production, and so a balance would be needed when considering adding char to any
combustion products. However utilising small amounts of char may enable the varied calorific values of
the other biomass types to be compensated for. If mixed briquettes are manufactured then the mass of
each fraction may be dictated by these calorific values in order to generate consistent production.
Addressing the presence of minerals will need to be considered for some of the biomass types looked at.
Those with high Chlorine, such as rhododendron, processes such as demineralising should be
considered and if resources permit, trialled, as proposed by Hensgen et al. in their study of 2012. This
type of approach using hot water pre-treatment would also negate the need for good drying facilities at
the start for the whole biomass, and only needed for the solid fraction, once de-watering is complete.
Separating the material into the two fractions would also enable the utilisation of anaerobic digestion for
the processing of heathland materials in conjunction with combustion, which presents new and different
conversion opportunities. (Bühle et al., 2011; Corton et al., 2013; Corton et al., 2014). In addition other
demineralisation could be examined and this may include acid pre-treatments.
However new boilers with the ability to take unconventional material that present new combustion
challenges are being developed. This can be in the form of metal or ceramic liners to counteract corrosive
issues or moving grates which reduce problems with ash. In addition air circulation in new boilers is now a
big feature, this enables the re-circulation of gases and air, which not only reduces any emission through
the flue, but is also able to achieve far more efficient combustion.
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However that said it is felt that the issues caused by minerals are not as pronounced for domestic stoves
as they are for medium to large scale commercial systems, it is more in relation to amounts of ash
produced. It should also be reinforced that with the exception of sulphur and chlorine other mineral
elements pose little danger in terms of emissions. However that larger scale fixed bed combustion
systems can cope with herbaceous biomass that typically has high ash composition. In these systems the
high ash fuels are typically mixed with more conventional fuels such as wood, which again has been
previously mentioned an important consideration when looking at the production of a mixed biomass
5
briquette.

5

AMW-IBERS system designed for the DECC wetland biomass to bioenergy innovation competition.
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15. Emissions Testing6
Domestic solid fuel burning is typically inefficient and unabated, leading to high emissions of gaseous
pollutants such as carbon monoxide (CO), oxides of nitrogen (NOx) and particulate matter (PM) (Williams
et al., 2012). Particulate matter emissions legislation typically refers to particles below 10 micrometers
(PM10) and 2.5 micrometers (PM2.5). However, many of the particles produced are known to be below 1
µm in diameter which are the most hazardous to health as they can pass deep into the lungs (Bølling et
al., 2009). Biomass burning is also associated with high emissions of organics such as polycyclic
aromatic hydrocarbons (PAH) which are known to be mutagenic and carcinogenic (Naeher et al., 2007).
The fuel properties of domestic solid fuels have a profound influence on their combustion behaviour and
emissions. Due to the resurgence of interest in biomass as residential energy source, a number of novel
feedstocks are being considered; such as waste biomass from managed habitats. It should be noted that
the Renewable Heat incentive has set emission regulations for particulate matter and NOx (RHI website,
2015) and there is interest in extending regulation in this area.

15.1

Materials and methods

15.1.1 Fuels and sample preparation
Following on from the characterisation work, five briquetted fuels were investigated through emissions
testing:
1. Chalk grassland scrub (hazel, hawthorn, birch, bramble, blackthorn and dog rose)
2. Rhododendron
3. Heather
4. Gorse
5. Bracken
These were compared against standard dimensioned pine logs as a baseline fuel. Results are presented
from the emissions testing of five briquette fuels in a domestic stove. The briquette performance and
emissions have been compared with pine wood, which is a well characterised commercially available
solid fuel. Fuel characterisation and analysis was outside the scope of this report and was performed
elsewhere.

.
Figure 1. Test fuels.

6

Emissions from Biomass Briquettes - a Comparative Study, Amanda Lea-Langton, Edward Mitchell, Jenny Jones
and Alan Williams Energy Research Institute, University of Leeds, Leeds, UK. LS2 9JT, May 2015.
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15.1.2 Domestic stove test setup
A Waterford Stanley Oisin multifuel stove was used for all fuels. The appliance is rated by the
manufacturers as having a maximum non-boiler thermal output of 5.72 kW and an efficiency of 78.8%.
The dimensions are 535 x 408 x 415 mm (HxWxD). There is just one (primary) air supply which is
manually controlled via a damper. The general arrangement of the test equipment was based on BS EN
13240, whereby the stove was mounted on a set of scales on a trihedron, as shown in Figure 1. The unit
is mounted onto a balance to determine burning rate, although this is only reliable for significant sample
masses due to the influence of thermal expansion during heating.
The stove is a single combustion chamber design which is typically used for space heating and does not
incorporate secondary air or other emissions control design. More advanced stoves and boilers are not
generally suitable for burning briquettes of this type.
Sampling ports were installed in the flue at a height of 1.43 m. The flue is insulated as has an internal
diameter of 125 mm. Sampling was done in-stack and there was no dilution of the flue gas. The stove
was mounted directly underneath a laboratory extraction system which was used to apply a continuous
draught of 12 Pa which is required for the nominal heat output test in BS EN 13240.

Figure 2. Laboratory test rig.
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15.1.3
Operating procedure
A pre-weighed batch of approximately 500g of briquettes plus 500g of pine was tested on each run, with
no re-loading. 20g of broken kerosene firelighters were used to ignite the fuel and no samples were taken
during the first 10 minutes to allow them to burn out completely, and to allow the flames to become
established. The damper was fixed at a dilation of 10 mm for all fuels to allow for comparison.
The tests were completed in duplicate with the exception of heather and bracken, in which cases there
was only sufficient sample mass for one run. The results presented here are averages of the two runs.
Due to the limited amount of runs, there has been no statistical analysis of the data, however based on
past experience the estimates of error are expected to be within 10%.

Figure 3. Sample loading.

15.1.4
Flue gas sampling procedure
Flue gas composition was measured on a wet basis using a Gasmet DX400 FTIR gas emission analyser.
The capabilities of this equipment include a range of gases including O2, CO2, CO, NO, NO2 and SO2.
Errors were +/-5%. Flue gas velocity and flow rate were calculated by measuring the dynamic pressure
change in the flue, using a Wöhler DC100 pressure computer and an S-type pitot tube, in accordance
with BS EN ISO 16911-1.
PM10 and PM2.5 was determined following a method based on USEPA Method 201a and BS ISO 25597.
Briefly, in the standard methods a probe featuring a set of cyclones, pitot tube and thermocouple is
inserted directly into the flue. Flue gas is drawn through a pre-selected nozzle into the cyclone separators
and then through a heated probe into a set of impingers, before a dry gas meter. A schematic is shown in
Figure 4.
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Figure 4. Schematic of the PM10 and PM2.5 sampling train. Source: USEPA Method 201a.
Due to the small flue size of the test rig it was necessary to mount the cyclones externally to the flue. In
the standard methods, the cyclones are inserted into the flue for a period of around 30 minutes for
temperature equilibration. Due to the cyclones being mounted externally, a heated jacket and PID
controller was used in lieu.
-1

Isokinetic sampling was not required due to the low flow rate in the flue (< 1.5 m s ) and nature of fine
particulate originating from stoves (Cottone and Messer, 1987). Personal communication with the
-1
equipment manufacturer (Smurthwaite, 2014) determined the sampling rate, which was fixed at 10L min ,
as required for Method 201a in order to maintain the cut point of the cyclones.
Particulate mass was determined gravimetrically by sampling onto pre-conditioned Whatman GF/F filter
papers using a Richard Oliver Particulate Smokemeter. The sample was transferred to the smokementer
via a heated line at 120°C to prevent water condensation. The filter temperature was 70°C in accordance
with recommended standard methods (British Standard DD CEN/TS 15883:2009)

15.2

Results

15.2.1 Combustion performance
Each batch of fuel was assessed for ignitability. It was found that the fuels would not readily ignite despite
direct contact with the flame from a gas lighter for over 1 minute. The surface of the briquettes was
observed to blacken and char during this time, but flames were not established.
The combustion tests were facilitated by ignition of the pine baseline fuels. Once sufficient heat was
generated by the pine flames, the briquettes were seen to swell, darken and eventually burn. All
briquettes were seen to swell to approx twice their original size during combustion as shown in Figure 5.
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Figure 5. Rhododendron briquette test.
A thermal balance was outside the scope of this work; however the temperature of the stove front was
monitored as an indication of the heat output for each fuel. The temperatures across the tests are shown
in Figure 6. The temperatures measured for the briquettes are in similar ranges to those with pine fuel.
The burning rate for each fuel was investigated, however the mass loss observations were considered to
be unreliable for these tests due to the small mass of fuel provided. This work is based on 1kg runs due
to minimal sample availability, but this is less than our standard runs of >2kg, hence influencing the mass
loss results error ranges. Hence the burning rate has not been quantified.
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Figure 6. Variation of stove front temperature with time
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The total burning time for all runs was approximately the same because of the influence of the pine
baseline fuel. By 50 minutes of run time, all the briquettes were completely burned, with just the pine
baseline remaining.
Visual observation indicated that the most rapid burning rate was observed with the chalk grassland
scrub. The chalk grassland scrub burned hotter and faster than the other briquettes, although its peak
temperature was still lower than for pine. The burning rate for the rhododendron, gorse and bracken was
similar, whereas the Heather had the slowest burning rate. Bracken burned more steadily compared to
the other fuels.
It was noted that the fibrous, small particulate nature of the briquettes would have an effect of the
available surface area and gaseous diffusion characteristics of the fuels in comparison to pine. The
density of the briquettes would also have an impact of the burning characteristics.

15.2.2 Gaseous emissions variation
Gaseous emissions which were measured over the duration of the experiments are shown in this section.
The nature of combustion causes different gases to be evolved during the initial ‘flaming’ part of the
combustion compared to the later ‘smouldering’ phase of combustion.
The fluctuations in values with time are characteristic of stove combustion using large pieces of biomass
as fuels, and are due to the non-uniform break up and movement of the fuels during the tests. Other
combustion systems, such as continuous feed pellet boilers, would give more consistent and steady
emissions due to the constant re-fuelling.

Carbon Monoxide
The carbon monoxide concentrations over the tests are shown in Figure 7. It can be seen that the
briquette fuels had significantly higher CO at the early stages of the test compared to pine, correlating to
the issues with establishing combustion which were observed. These values reduced once the stove
become hot and the combustion performance improved.
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Figure 7. Variation of Carbon Monoxide with time

Nitrogen Oxides
The nitrogen oxides and total NOx values are given in Figures 8-10. It should be noted that whilst values
are given for NO and NO2 separately, there are reactions occurring in the sampling system that convert
between the two species, consequently the total NOx values should be quoted. Most of the NOx
measured was attributed to NO2. Strong spikes of NO2 correlate with the swelling of the briquettes at the
beginning of combustion- when the release of volatile fuel components would occur. After that phase, all
NOx emissions become similar.
The peak burning rates correlate with peak temperature and so influence peak NOx emissions. Higher
temperatures are associated with higher NOx. However, the NOx emissions at the relatively low
temperatures in a domestic stove are mostly as fuel-NOx and so dependent on the N content of the fuel.
Fuels with low nitrogen contents would be expected to have lower NOx emissions.
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Total NOx Emissions

Figure 10. Variation of Total NOx with time

Sulphur Dioxide
Sulphur dioxide levels are shown in Figure 11. They were observed at only low levels, suggesting that the
sulphur contents of the fuels are low.
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Figure 11. Variation of Sulphur Dioxide with time
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Average Emissions
Average emissions over the sampling period are given in Table 1. NO is higher for all the briquettes
compared to pine, particularly for rhododendron. The CO levels are indicators of poor combustion, which
may be improved by changing the briquette density or blending with other fuels. The SO2 levels are very
low, at barely trace levels.

Fuel
Pine
Chalk grassland scrub + pine
Rhododendron + pine
Heather + pine
Gorse + pine
Bracken +pine
Table 1. Average emissions
loading.

Average Concentration ppm
NO2
CO
NO
2241
16
29
3588
27
61
3316
38
60
2462
33
55
2270
32
37
2768
33
45
concentration over the duration of

NOx
SO2
45
8
89
13
98
13
88
10
69
10
78
12
test, normalised to 1kg fuel

In order to calculate the emissions index, it is necessary to have detailed information on the fuels
elemental composition. The calorific value can be used to calculate emissions in terms of energy content.
In the case of biomass, there is great variability between samples and detailed data specific to the
briquettes was not available at the time of writing the report. Consequently an estimate of the EI is shown
in Table 2, based on a typical calculation of stoichiometric air:fuel ratio, 11% flue oxygen basis and the
results in ppm from Table 1. This gives an indication of comparative values using this specific stove
system. It should also be noted that the fuels would behave differently according to different capacity
stoves, different ratio of baseline wood and refuelling characteristics.
Emissions
Index
Estimate g/kg fuel
Fuel
Pine

CO

NOx

205

7

329

13

304

15

226

13

Chalk grassland scrub + pine
Rhododendron + pine
Heather + pine

208
10
Gorse + pine
Bracken +pine
254
12
Table 2. Estimated Emissions Index for gaseous emissions at 11% flue oxygen
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Other Emissions
A range of other gaseous emissions were investigated during the tests including hydrogen chloride,
ammonia, formaldehyde and methane. These results are shown in Table 3.
Average Concentration ppm
Hydrogen
Formaldehyde
Ammonia
Methane
Fuel
chloride
Pine
2
6
26
138
Chalk grassland scrub + pine 18
33
63
398
Rhododendron + pine
9
27
48
269
Heather + pine
6
18
34
167
Gorse + pine
6
25
33
182
Bracken +pine
4
20
43
198
Table 3. Average emissions concentration over the duration of test, normalised to 1kg fuel
loading.
Fuels containing high levels of chloride can produce HCL upon combustion, which is corrosive and can
lead to flue damage. The HCL levels seen here are only at trace amounts, suggesting that chlorine is not
significantly high in these fuels. The highest hydrogen chloride was seen with chalk grassland scrub.
Ammonia, formaldehyde and methane emissions are all indications of partially burned fuel. Higher levels
of these were seen during the initial flaming phases of combustion, corresponding with the high CO also
measured. Higher levels in comparison with the pine indicate poorer combustion quality.

Particulate emissions
The particulate emissions are shown in Figure 8. It can be seen that highest mass emissions are
produced at the early stages of combustion. This corresponds to the flaming phase when release of
volatile matter from the fuels is incompletely burnt. The particulate matter consists of elemental carbon as
well as condensed volatile organic matter and ash. Fuels with higher %VM tend to produce more smoke,
so these results should be correlated against the proximate analysis data. All five briquettes produce
higher levels of particulate emissions compared to the pine baseline. The chalk grassland scrub PM
performance is worst, with the most promising emissions from Bracken, which correlates well with the
earlier CO emissions result.
The current work is based on a simple stove with no re-loading. Other combustion systems which
incorporate continuous feeds of fuel would have lower average emissions because they would maintain a
temperature sufficient for more complete combustion. An effect of reloading would be to disturb the ash
layer, causing smouldering char to break up more and potentially leading to more complete combustion.
Some of this disturbed char may also be emitted however as particulate matter.
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Figure 12. Variation of Particulate Mass with time
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Figure 13. Particulate size fractions for all fuels.
Figure 13 shows the relative proportions of PM10, PM2.5 and PM1 size fractions.
The results from the cyclone tests also show that a wide variation in fractions, with an unexpectedly high
proportion of PM10 for chalk grassland scrub and gorse. This is inconsistent with similar test and with the
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literature which show that the majority of particles are expected to be below PM2.5 and even PM1
(McDonald et al., 2000). Closer inspection of the cyclone particulate matter showed that fragments of
unburnt were present, which caused this unexpected result.
The time at which samples are taken for particulate analysis was found to have a substantial influence on
the final figure for the emissions factor for all fuels tested. For example, the higher volatile fuels release a
highly carbonaceous dark aerosol during flaming combustion. Sampling during this period leads to a
higher emissions factor. Longer sampling times for the higher volatile fuels may extend beyond the
flaming phase, when PM production reduces. The total PM measured is given in Table 4. The particulate
emissions for chalk grassland scrub were approximately twice the levels observed with pine.
PM
Fuel
mg/kg
Pine
4.3
Chalk grassland scrub + pine 9.4
Rhododendron + pine
6.0
Heather + pine
7.2
Gorse + pine
7.1
Bracken +pine
6.9
Table 4. Particulate Matter emissions during test period normalised to 1kg fuel loading
The undergrate (usually fine ash) and overgrate (usually unburnt fuel) losses are shown in Figure 14. The
overgrate losses were attributed mainly to unburned pine, so higher levels were associated with lower
combustion temperatures. The highest amount of undergrate ash was found with the bracken briquettes,
which would be associated with a higher fuel ash content.

70
60

Overgrate
Undergrate
Total

mass g

50
40
30
20
10
0
Pine

Chalk scrub

Rhodedendron

Figure 14. Undergrate and Overgrate ash losses.
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Heather

Gorse

Bracken

15.3

Conclusions

The emission testing results showed reasonable performance for all 5 fuels when they are co-loaded with
pine. However they did not ignite without the pine baseline, which it is felt, could be attributed in part to
‘type’ of briquette used. The briquettes used in the emission trials were not formed through a traditional
briquetter, but were created under laboratory conditions. As a result they did not have a hole through the
middle, which aids air flow and combustion, which has been found through previous trials to be beneficial
with unconventional materials. It was also noted that the fibrous, small particulate nature of the briquettes
would have an effect of the available surface area and gaseous diffusion characteristics of the fuels in
comparison to pine. The density of the briquettes would also have an impact of the burning
characteristics, however, once combustion was established, the briquettes burnt out more quickly than
the pine. This is related to the more open structure of the briquettes compared to pine.
Although the gaseous and particulate emissions were higher for the biomass briquettes compared to
pine. Carbon monoxide emissions were higher at the beginning of combustion, but became more similar
to the pine emissions once combustion was established. Average NOx was approx. twice the
concentration of pine NOx, and was especially high for rhododendron. This is related to the higher fuel
nitrogen content. The particulate emissions for chalk grassland scrub were approximately twice the levels
observed with pine. Differences in fuel properties such as moisture and volatile content might be
correlated with this.
The fluctuations in values with time are characteristic of stove combustion using large pieces of biomass
as fuels, and are due to the non-uniform break up and movement of the fuels during the tests. Other
combustion systems, such as continuous feed pellet boilers, would give more consistent and steady
emissions due to the constant re-fuelling. In addition other combustion systems which incorporate
continuous feeds of fuel would have lower average emissions because they would maintain a
temperature sufficient for more complete combustion. An effect of reloading would be to disturb the ash
layer, causing smouldering char to break up more and potentially leading to more complete combustion.
The fuels in their current form were difficult to ignite and burn and their emissions were higher than the
baseline pine samples.
The carbon monoxide levels are indicators of poor combustion, which may be improved by changing the
briquette density or blending with other fuels. It is suggested that emissions abatement technologies are
considered for the briquette fuels in their current formulation. Other options are to investigate pretreatment/ upgrading of the fuels in order to slow down the combustion or decrease the 'flaming
combustion' duration and extend the 'char burning' duration. This would result in reduced peak emissions.
The time at which samples are taken for particulate analysis was found to have a substantial influence on
the final figure for the emissions factor for all fuels tested. For example, the higher volatile fuels release a
highly carbonaceous dark aerosol during flaming combustion. Sampling during this period leads to a
higher emissions factor. Longer sampling times for the higher volatile fuels may extend beyond the
flaming phase, when particulate matter production reduces.
All the results recorded indicate that if further work can be done to increase the combustibility of the
materials, then this would lead to a reduction in peak emissions. This could be achieved through briquette
construction, blending materials or through pre treatments such as demineralisation, through processes
like hydrothermal treatment or use of steam explosion techniques.
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16. Final conclusions and recommendations
From the work undertaken and building on previous studies it has been illustrated that the utilisation of a
heathland materials as a bioenergy feedstock is viable. The significant land areas covered by heathland
in the UK and across Europe, which are under a planned management regime, means that the supply of
these materials is existing and could be plentiful. Managing these areas on a landscape scale and so
benefiting from the economies of scale could mean that the cost of managing the land is covered, with
possible income generation and renewable energy produced locally.
The characterisation work of the different materials demonstrated that all the biomass types trialled
displayed good calorific values and could easily sit alongside soft wood in the combustion market. Some
consideration needs to be given to the minerals found in the materials and their affect on producing a
clean burn. This may be achieved through processes such as demineralisation, the appropriate choice of
boiler type, which has the necessary liner and ash collection facilities or through mixing biomass types to
produce the best quality briquette, both for its calorific value and emissions.
The results of the emissions testing support the conclusions that can be drawn from the characterisation
work as they too that all indicate that pre treatments such as demineralisation, through processes like
hydrothermal treatment or use of steam explosion techniques would provide a cleaner combustion. This
together with further work to increase the combustibility of the materials through briquette construction
and blending biomass types would then lead to a reduction in peak emissions.
Understanding the role of the harvesting machinery as expected has been proven to be significant and
essential if this approach is to be taken on board. Ensuring that areas can still be harvested efficiently
through mechanical means is key, but knowing the impact on the resulting biomass generated will affect
its successful after use. This is particularly relevant in relation to contamination, which as discussed can
have a significant effect on the use of the material as an energy feedstock, but also from the perspective
of material chop size. Ensuring that the appropriate method of harvesting is undertaken to avoid
additional processing, both from a cost and a resource point of view is important in the appeal of using
these materials as energy feed stocks. Due to its significance to the end product further work on ensuring
biomass types are harvested cleanly may be worthwhile, but the key message established was with
regards to the limitations of machinery types which gather off the ground or purely use suction for
collection.
Adoption of the cut and collect system of harvesting is recommended as this prevents the biomass having
to be picked up off the ground, which can scrape up unwanted materials such as soil and stones. The
type of forager utilised and the cutting mechanisms employed will be determined by the selected after use
and the nature/age of the vegetation types. Although from the samples taken there were many similarities
with the two different headers trialled, a consistent chop size important for example in the case of
briquetting, avoiding large bulky pieces that block the feed. Both the headers trialled produced a
favourable material chop size; however the precision chop reduced the particles consistently whereas the
double chop would randomly allow larger particles through, which caused problems when briquetting
using a rotary briquetter.
Both machines performed the harvesting task well in some aspects, however both had limitations, the bar
at the front of the Ehlo meant that it demanded a lot of force to deal with larger vegetation types like
degenerate gorse. There may be the need for the development of new machinery, based on pulling
together different attributes. For example Bushwacker has developed cutting attachments such as their
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hammer knife mower, flail head, and mulching head, which will take vegetation at diameters of 25mm,
55mm and 200mm respectively. The headers unlike the Ehlo do not have a bar and so the cutter is the
first point of contact and so cuts more effectively. The FAE UML/SSL/VT-175 mulching head is said to be
suitable for any vegetation up to 200mm fitted with the 'VT' variable torque motor ideal for small trees,
laurel & rhododendron. But these machines do not currently cut and collect, so this would be a
development that could be pursued together with thoughts around the use of a conveyor system for
collection rather than a suction system.
The AgBag storage is a recognised method of storage and will work well for heathland materials and it
was demonstrated that equipped with the right aeration capacity will also perform drying. The big
advantage of the AgBag over the kiln drying which was also trialled is the ability to dry large volumes of
materials at a low cost. The slight downside however is longer the time needed to complete the drying
compared to the kiln, which took a matter of hours. The advantage of the kiln would be its utilisation on
sites producing smaller volumes of material, when the drying could be utilised in conjunction with
charring.
The trials undertaken on the char and bulk density of material provided very interesting results and
illustrates the point well about the value of the kiln to increase bulk density and reduce volume on site
before the material is transported long distances for processing. As illustrated with the bulk density
3
measurements for the double chopped gorse before charring was recorded to be 81kg/m , compared to
3
after charring the measurement was 223kg/m . This demonstrates an increase in bulk density of
3
142kg/m which is an increase of 64% and a conversion rate of 2.75 to 1.
The work undertaken on the biocharred material demonstrated its value not only from an increased bulk
density perspective, but also the characterisation work illustrated that in relation to the calorific value
there was a consistent increase in MJ/Kg from the charred material. Although as discussed, the charring
of biomass did increase the ash composition, which would need to be considered alongside other
briquette ingredients if char was to be utilised as on the ingredients to make a mixed product.
Although the briquetting aspect of the trials was the least perfected, the work undertaken demonstrated
that heathland materials can be briquetted, and in the case of some materials produce good quality
briquettes. However there is a need for further work to be undertaken on this to both find the right density
of briquette to suit the different materials produced on heathlands and to understand the most desirable
recipe of biomass types. This further work should include trials utilising different briquetters and the use if
linear compaction may be found to be better than rotary for heathland materials. This work should also
include the exploration into the desired chop size for each biomass type and how this might be achieved
sustainably and practically to fit in with management operations.
From previous experience with wetland materials of the right moisture content it has been found that that
the rotary briquetter does have similar compaction capabilities to a linear briquetter, however this was not
achieved during this study. However the tighter control over the particle size for the linear briquetter would
mean that additional processing would be needed, which is why the rotary briquetter with its versatility
was originally selected.
Pursuing the conversion of briquetting is definitely recommended even after the limited trials undertaken.
The ability of briquettes as opposed to pellets to deal with the variability of material, reduce processing
costs and have a wider application supports this argument. Briquetting is a mobile process which avoids
the transportation of large volumes of materials and as a process it has more tolerance in terms of
material, both in relation to the moisture content and composition. The latter point is particularly relevant
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to producing mixed briquettes. Heathland habitats are often not dominated by one species and being able
to tolerate a mix of vegetation is important. Future work to look at the different combinations of materials
as Little concluded in 2011, ‘Modern machinery can harvest large quantities of material cost effectively
whilst minimising soil contamination but is unlikely to be able to selectively harvest unique species such
as gorse or heather separately.’ There is a need for further controlled work to be undertaken on
briquetting trials of materials and in different combinations. Now that the characterisation work of the
materials has been undertaken then appropriate recipes can be determined which resemble growth
combinations in the field.
Briquettes also have a wider application and with the freedom to use this material within domestic boilers
and supported by the analysis and emissions results that flexibility will enable a product that can be
marketed widely. As Little summarised in 2011, the implications of utilising heathland materials as an
energy feedstock has a commercial application in the production of a high value fuel for the domestic
heating market, but also for the industrial markets for larger boilers, district heating systems, CHP plants
and steam turbines for power stations. However the domestic heating market is preferable as the unit
price is higher and production is likely to be on a small, local scale, more suited to the local, domestic
market.
The utilisation of loose biomass directly into boilers should definitely be considered as a viable option for
the combustion of heathland materials. However from the characterisation we now know that as
mentioned above the mineral composition of the biomass type needs to be considered in relation to the
combustion equipment used.
Developing ways in which to deliver biomass to bioenergy around key landscape areas is currently
being explored in the context of the wetland work already undertaken and through support from DEFRA.
This work will also have major implications for heathland which also occupy large landscape areas.
Recommendations for application on reserves to enhance habitat management and deliver added value
though the development of a PES scheme are being produced, which will aid in the delivery of biomass to
bioenergy schemes across landscape areas. Realising the use value of this feedstock through such
schemes will open up opportunities for further habitat improvements and increase the area managed. It
will also produce bioenergy, helping to reduce the carbon footprint, and generate an income stream for
future land management operations
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17. Appendices
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Appendix 3

Sampling Date

Harvest location

Sample no

replicate Species

harvester

24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014
24-28/11/2014

Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent

Sample 1

a
b
c
a
b
c
a
b
c
a
b
c
a
b
c
a
b
c
a
b
c

14/01/2015

Devil’s Kneading
Trough, Wye, Kent

14/01/2015

Devil’s Kneading
Trough, Wye, Kent

b

14/01/2015

Devil’s Kneading
Trough, Wye, Kent

c

Chainsaw and chipper
Chainsaw and chipper
Chainsaw and chipper
Softrak
Softrak
Softrak
Pisten Bully
Pisten Bully
Pisten Bully
Softrak
Softrak
Softrak
Pisten Bully
Pisten Bully
Pisten Bully
Softrak
Softrak
Softrak
Pisten Bully
Pisten Bully
Pisten Bully
Hand cut then Eliet Major
Shredder
Hand cut then Eliet Major
Shredder
Hand cut then Eliet Major
Shredder

Sample 2

Sample 3

Sample 4

Sample 5

Sample 6

Sample 7

Sample 8

a

Gorse
Gorse
Gorse
Bracken
Bracken
Bracken
Bracken
Bracken
Bracken
gorse
gorse
gorse
Birch Scrub
Birch Scrub
Birch Scrub
Heather
Heather
Heather
Heather
Heather
Heather
Chalk grassland
scrub
Chalk grassland
scrub
Chalk grassland
scrub
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CHNS
Cl
totals
(single) (single)
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30
30
60
30

30

60

30

30

60

30

30

60

14/01/2015

Perry Wood, East Kent

14/01/2015

Sample 9

a

Rhododendron

Perry Wood, East Kent

b

Rhododendron

14/01/2015

Perry Wood, East Kent

c

Rhododendron

26/11/2014

Pembury Heath, Kent

a

Gorse char

27/11/2014

Pembury Heath, Kent

b

Gorse char

28/11/2014

Pembury Heath, Kent

c

Gorse char

24-28/11/2014
24-28/11/2015
24-28/11/2016
24-28/11/2017
24-28/11/2018
24-28/11/2019

Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent
Pembury Heath, Kent

a
b
c
a
b
c

Bracken char
Bracken char
Bracken char
Heather char
Heather char
Heather char

Sample 10

Sample 11

Sample 12

Hand cut then Eliet Major
Shredder
Hand cut then Eliet Major
Shredder
Hand cut then Eliet Major
Shredder
Hand cut, chipped and
charred
Hand cut, chipped and
charred
Hand cut, chipped and
charred
Pisten Bully & charred
Pisten Bully & charred
Pisten Bully & charred
Softrak & charred
Softrak & charred
Softrak & charred

30

30

60

30

30

60

30

30

60

30

30

60

30

30

60

30

30

60

30
30
30
30
30
30

30
30
30
30
30
30

60
60
60
60
60
60

Chalk Grassland Scrub Sample - Chalk grassland, Hazel and hawthorn dominant. Species in sample; hazel, hawthorn, birch, bramble,
blackthorn, dog rose.
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Appendix 3
MEDAC Ltd

MEDAC LTD

Alpha 319
Chobham Business Centre
Chertsey Road
Chobham
Surrey
GU24 8JB
United Kingdom

Analytical and chemical consultancy services

A N A L Y T I C A L
th

Date

10 March 2015

Analyst

Richard Morris

Species

R E P O R T

Harvester

www.medacltd.com
Tel/Fax No. 01276 855410

ELEMENT

C

H

N

S

Cl

Gorse

Chainsaw &
chipper
Chainsaw &
chipper
Chainsaw and
chipper

Bracken

Softrak

% Found 2A

45.43

5.30

1.16

<0.10

<0.05

Bracken

Softrak

% Found 2B

44.96

5.22

1.09

<0.10

<0.05

Bracken

Softrak

% Found 2C

45.01

5.25

1.37

<0.10

0.05

Bracken

Pisten Bully

% Found 3A

42.53

4.82

0.94

<0.10

<0.05

Bracken

Pisten Bully

% Found 3B

44.66

5.06

0.90

<0.10

<0.05

Bracken

Pisten Bully

% Found 3C

42.38

4.84

0.97

<0.10

<0.05

Gorse

Softrak

% Found 4A

48.46

6.01

2.07

<0.10

0.06

Gorse

Softrak

% Found 4B

47.13

5.88

2.25

<0.10

0.06

Gorse

Softrak

% Found 4C

49.63

6.16

2.52

<0.10

<0.05

Birch Scrub

Pisten Bully

% Found 5A

49.47

5.91

1.96

<0.10

0.08

Birch Scrub

Pisten Bully

% Found 5B

49.23

5.99

2.23

<0.10

0.05

Birch Scrub

Pisten Bully

% Found 5C

49.51

6.06

2.01

<0.10

0.08

Heather

Softrak

% Found 6A

33.38

3.97

0.88

<0.10

0.09

Heather

Softrak

% Found 6B

39.05

4.71

1.10

<0.10

0.12

Heather

Softrak

% Found 6C

37.62

4.65

0.94

<0.10

0.05

Gorse
Gorse

% Found 1A

47.57

5.93

2.75

<0.10

0.09

% Found 1B

45.55

5.71

2.72

<0.10

0.11

% Found 1C

46.35

5.82

2.84

<0.10

0.09
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C

H

N

S

Cl

51.68

6.59

1.26

<0.10

0.07

52.03

6.42

1.25

<0.10

0.11

51.82

6.66

1.15

<0.10

0.08

% Found 8A

45.20

5.62

1.18

<0.10

0.12

% Found 8B

45.16

5.64

1.16

<0.10

0.07

% Found 8C

43.98

5.48

1.15

<0.10

0.09

% Found 9A

47.39

5.78

1.22

<0.10

0.34

% Found 9B

46.68

5.59

1.15

<0.10

0.31

% Found 9C

45.56

5.56

1.10

<0.10

0.23

% Found 10A

50.69

2.59

1.06

<0.10

0.11

% Found 10B

57.71

3.00

1.49

<0.10

0.10

% Found 10C

52.31

2.56

0.44

<0.10

0.08

% Found 11A

42.89

2.94

0.69

<0.10

0.08

% Found 11B

45.96

2.56

0.70

<0.10

0.04

% Found 11C

40.80

2.89

0.57

<0.10

0.08

67.34

2.83

0.94

<0.10

0.05

64.38

2.63

0.90

<0.10

0.06

62.63

2.94

0.89

<0.10

0.11

Species

Harvester

ELEMENT

Heather

Pisten Bully

% Found 7A

Heather

Pisten Bully

% Found 7B

Heather

% Found 7C

Bracken Char

Pisten Bully
Hand cut & Eliet
Major Shredder
Hand cut & Eliet
Major Shredder
Hand cut & Eliet
Major Shredder
Hand cut & Eliet
Major Shredder
Hand cut & Eliet
Major Shredder
Hand cut & Eliet
Major Shredder
Hand cut, chipped
& charred
Hand cut, chipped
& charred
Pisten Bully &
charred
Pisten Bully &
charred
Pisten Bully &
charred
Pisten Bully &
charred

Heather-Char

Softrak & charred

% Found 12A

Heather-Char

Softrak & charred

% Found 12B

Heather-Char

Softrak & charred

% Found 12C

Scrub
Scrub
Scrub
Rhododendron
Rhododendron
Rhododendron
Gorse-Char
Gorse-Char
Gorse-Char
Bracken Char
Bracken Char
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