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1 Introduction

dimate change is a natural phenomenon that is being accelerated by anthropogenic adf]vBiese 1880

the planets average temperature has risen about 1.02 degrees on a@adhgimce 1750 the levels of CO2 in

the atmosphere have increased from 280 parts per million 8pgh as of March 2@[2]. The increase in
temperature and CO2 in the atmosphere is associated with the rise in greenhouse gases. This natural process
is what has kept the earth's climate habitable for millions of years. But now greenhouse gas levels are so high
and are now trapping heat close to the earth's surface rather than letting it escape into space. As a result, we
are seeing more extreme weather patterns, severe heatwaves, droughts, food supply disruptions, increased
desertification3]. Unless interventions are made, long term projections by the IPCC suggest this will happen
more frequent and more severe. In 2015, 196 parties adopted an international binding agreement to combat
climate change. The agreement aims to limit global warming to 1.5 degrees comparethtiupteal levels.

This must be done by utilizing both preventative measures such as improving energy efficiency and
remediation strategies such as carbon capture and storage innovations. Biochar is one of six different carbon
OF LIidzNB FyR &adG2N}3S YSUiK2R&a ARSYUGUATASH4.Oher i KS Lt/
methods include Direct Air Capture, Forestation and Bio Energy Carbon Capture and Storage (BECCS)
Additionally, a shift towards renewable energy sources instead of fossil fuels must also be at the forefront of
this change.

1.1 Scope of the study

The Gwent Green Grids partnershipnew groundbreaking projectthat aims to improve and develop green
infrastructureg a term used to describe the network of natural and seatiral features, green spaces,

rivers,and lakes that intersperse and connect villagmsns,and cities; as well as provide green job
opportunities within the areaGreen infrastructure has a crucial role to play in addressing nature, climate
change and health emergencidsis project is a collaboration betweendunty councilsMonmouthshire

Blaenau Gwent, Caerphiljewport,and Torfaercouncilsas well as Natural Resource Wales and us Severn
WyeEnergy Agenciylhe project is supported by the European Agricultural fund for rural development

Europe investing in rural areas and is funded by the Welsh Governments Enabling of Natural Resources and
Wellbeing grantThere are 5 dedicated workstreams for this proj8pecificallywe are working on

workstream 5 Pollinator Friendly Gwelihe work within this workstream is split into two elements, Nature
Aay Qi ySFEG FyR NBaAft ABedut adddliéctptojecy iRlizconsiderthie meckaRisms 2 £
needed for the effectivenanagement of grasslands addressing barriers and identifying different treatments

to utilise grass cuttings. We will be delivering itnigartnership witreach LA by identifying key

locations/strategic sites/areas to improve grasslands for pollinators and design and assist in delivery of the
trial.
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1.2 Objectives

The focus of this research will address the following:

T

= =2 =4 =

=

Conduct detailed study of each local authomigppingexisting green infrastructure, waste streams

and land management needs

Identify a range of opportunities for enriching the local environment by managing natural resources
carefully and finding the best way to process green waste sustainably.

Identification of the barriers to effective management of Gl grasslangsvailability of suitable
machinery for cut and collection and transportation such as location/distance from
processor/consumer; contamination by litter/dog faeces; waste regulations

Identification of potential volumes of grassland foG&lsslands.

Identification of the opportunities including local markeig.,composting, biomadeedstock.
LRSYGATAOFGAZ2Y 2F 6KAOK WiNBlelgy&tgrietts. g 2dzf R 0SS &
Undertake simple lifecycle analysis and economic appraisal to identify most appropriate use of grass
given the locatontext.

Undertake a trial/pilot of a range treatments.

Maximise the use of an otherwise waste product in a sustainable way; and

Present findings of study locally and nationally through council meetings, organised workshops,
newsletters, press releases and industry networks as part of GGGP Legacy plan.

1.3 OQutcomes

On successful completion of this projeate will have achieved:

1.

2.

gadlofAaKYSyd 2F | Odzi I'yR O02fftSO0 62Nl Ay3a IANP
other interest groups

A study of cut and collect options for Gweeteloped in partnership betwegublicbodies

AyOf dzZRAY3 [! Qaz K2dzaAy3d |aa20AFtGA2yT bw2 g {S0@
Sustainable cut and collect mechanisms identified at key locations/strategic sites/areas across Gwent
to improve grasslands for pollinators.
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2 Background & Literature review

The 5 regions involved in this project all bordach otheras illustratedn Figure2.1 shown below. Blaenau
Gwent has a total area @09 square km and according to the population censuasluctedin 2016 has a
population of 6600.Secondly, Caerphilhas a total area of 278 square km with a population of 180,500 as
of 2016.Thirdly, Monmouthshirbas a total area of 850 square km with a population of 92'B@®fourth

local authority is Newpoxtith a total area of 190 square km. it has a population of 149ArtiDIastly,
Torfaenwith a total area of 126 square km and a populatib82,000.These 5 regions are all unique in their
own topography, landscape, population, and feedstock.

Figure2.1 County map oivVales

¢tKAa aSOGA2Yy A& 3J2Ay3 G2 lFylrteasS Ittt €AG0SNF GdzNB N
Y6 GdzZNF £ NBaz2dzZNOSa yR ¢gSttoSAy3ar NBaAftASYyd 3INIaat
In the region of Gwent, we are working with 5 local councils. These are Monmouthshire, Caerphilly, Torfaen,
Newport,and Blaenau Gwent. These 5 regions are all unique in their own topography, lanpispalaion,

and feedstock. For the sake of this project, Severn Wye Energy will seek to establish a cut and collect
operation in the 5 councils while identifying volumes of grass that will be managed and the potential market
opportunities possible from iThe key to the success of this project will be the discovery of what feedstock is
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available tausandthe quantity of itand following on from that, which treatmen would be suitable for the
feedstock, either anaerobic digestion or pyrolgsianaerobic digestion with pyrolysis.

2.1 Current situation

European grassland represents 90 million hectares, at least one third of all agricultural lanGH&0).
different grasses range from humuasteppic and messic and many mdrethe past few years, the decrease
of agricultural activities (grazing) led to a continugdyction of those ecologically valuable, extensively used
grasslands. Progressively otiare, the attractiveness of formerly open areas will decline. Landscapes lose
their opencharacter and certain plant species dominate as these areas develop shrub and woodland
vegetation. This leads to a reduction in biodiverdihat is why, as part of this projeet must consider all
treatment methods to deal with the biomass feedstock.

In the UK there are over 270000km of rural roads and motorfBag$. The grass vergestbiese roadsare
cutregularly,and the cuttings could provide an important bioenergy resalRoad verges play many
different rolessuch as access to utility infrastructure, space for pedestiaas emergency area for cars.
The spatial extent of road verges will increase further due to increased urbanisatiamrojected increase
of 60% in the global road network from 2010 to 206bwing grass is mainly carried outnb@intain
visibility and safety; with aesthetics a less important faanoithe grass cutting are normally left to
decomposd7]. The species present on a grass veeties on many different factors, the soil, geology,
current and previous managemeitowever, most UK verges can be classifitggbasMG1 false oat grass
Arrhenatherum elatius grassland, dominated by coarse grasses and ta[Bhexdzording to the British
Nation Vegetation Classification

As mentioned above, the grass is usually left on roadsittaeugh some councils are now beginning to cut
and collect some of their biomass. But leaving the biomass it into a mulch which increases the nutrient
level in the soiaindsmothers the plants below By cutting and collecting it will increase thage of species
present in a vergf9]. Biodiversity improvements could be delivered by reduced mowing frequencies, as
demonstrated for insects on urban roundabo}it8]. Aregime involving two cuisarly and late summewas
shown to be optimal for plant and animal biodiversity in-ondran highway vergd9, 11]. Rotational or
mosaic cuttingi.e.,dividing verges into two longitudinal strips that have a staggered cutting regime, can
deliver similar biodiversityenefits,and ensures continuous provision of floral resoufté$ Additional
enhancement for herbaceous plant biodiversity may be achieved by removal of d@ttih?js

The potential yield of verge grass is dependent on many factors and is likely to vary significantly from year to
year and site to sitfl3]. The species of plants, soil fertility, incidence of fertiliser run off and herbicide drift,

the temperatureyainfall,and management regime€., the timing, and number of cuts and whether grass is
removed), will all affect both the yield and moisture content of the grass harvested. The yield from a verge is
also dependent on the distance from the road with yield increasing with distance from the carrifgjeway

a wider cut could have a higher yield than a narrow one.
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2.2 Ecological benefits of removing cutting/ How removing cuttings affects
species richness

The removal of cuttings effectively reduces the nutrient richness in the soil and there is significant evidence of
the negative correlation between the nutrient richness of soil and the spede®ss of grasslanfis4, 15]
Therefore, one method suggested for increasing the spéeciasess is the removal of soil nutrients.

However, the efficiency of the reduction in soil nutrition from solely the removal of cuttings is questionable as
only a small proportion of the total pool of nutrients can be removed in any one year. In one study conducted
over 10 years on a chalk grassland, the levels of soil phosphorus and magnesium both decreased but the level
of nitrogen did nof16]. Similarly, the tests conducted by T. Parr and J. Way found no change in the nitrogen
level of the soil after 18 years of the removal of cuttings, however unlike the previous study mentioned the
removal of cuttings led to an increase in plant spetidmesd15]. This suggests that nitrogen level may not

be the leading factor in the correlation between the removal of cuttings and the increasing species richness.
There are to other factors resulting from the removal of cuttings that may result in the increased species
richness. The first of these is the resulting large mass of cuttings left from cut and leave techniques, has
several negative impacts on underlying vegetation. These impacts include reducing light available and
therefore photosynthesis, reducing light available for new seedlings causing characteristic growth of long,
weak stems and reducing probability of survival of the seedlings and finally creating an environment
susceptible to the disease of plants. All these factors reduce the probability of establishment of new plants
and therefore favour existing species. The second factor is the partial scarification that occurs during the
collection process of cuttings, this creates gaps in the surface layer of soil and turf. The gaps created offer the
possibility for dormant seeds to be exposed to light, increasing the chances of their germination, and on a
smaltscale germination from seed is more likely to result in a new species than spread of an existing species
[17].

A further consideration, where nutrient depletion is aimed for, is the importance of removing cuttings as soon
as possible after mowing. A study carried out in Holla8showed that unless cuttings are collected within
one or two weeks, much of the nutrient content may be leached back into the soil.

Cut & Collect is a recognised technique for improving the biodiversity of a grassland primarily by reducing
availability of nutrients and facilitating better light and growing conditions for target species. Wildflower and
pollinators have a significant impact on biodiversity and importantly, public enjoyment. Guidelines as set out
08 tflyldftAaATSQa 0Said LINI OGAOS 3FdzA RS TF-auNkgvkeig!l ISYSy
preferable and if not a once cut one as set out in the table below ibextgdicial for the reduction of soil

10
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fertility and increase in biodiversity.

Managementoptﬁon Jan Feb Mar Apr May Jun | Jul

One cut full cut

full cut

full cut --

regular cuts

full cut --

The challenge is what to do with the
arisings form cut & collect and how the
practice impacts the practical and

Summer and autumn cutting

Two Latewinter and autumn cutting full cut

Cuts | pryverges (short vegetation) regular cuts

Species-rich verges with mown edge

DLG Expert Knowledge Series 386: Biogas from Grass

Biogas recovery rate depending on harvesting time (I/kg 0DM)
660

640 economic conditions of the Council.

620

600 Verges are considered to be low value
580 + . . .

550 | mixed and potentially contaminated

540

520

grasslands with limited existing use.
Existing opportunities for AD are
‘ possible however fadeey challenges
B e e v roticholt 1oy & e haresting time Harvest for AD & harvest for ecological
restoration are often at odds with one anothereductions of 15% in the biogas yield potential can be seen
in late cut grasses as can be seen in the gedef.

500 v
Vegetative Shooting Start of heading  During heading  Start of bloom End of bloom
gm\\dh Phagg

2.3 Case Study 1: Lincolnshire case study

This case study examined the possibility of using volumes of grass available near AD plants to see if it is
suitable replacement for current feedstock and asses the methane potential and digestion characteristics of
grass samples. Lincolnshire is a county in the east of England and the county council are responsible for the
maintenance of nearly 8000km of rural ro§tig]. LCC currently cuts their verges twice a year to a width of at
least 1.1 m, leaving the clippinigssitu The first cut is scheduled for between fAigril and the end of May

and the second one for September. LCC wished to investigate the potential for harvesting the verge grass for
digestion at local AD plants and at the same
time enhance the biodiversity of the road
network. Initial investigations of the feasibilit
of the use of grass cuttings for digestion at sj
sites in LincolnshirR0] found that the grass
was suitable for digestion and that some
income could be generated to offset
maintenance costssigure2.2 below shows
the bespoke harvesting system used to
conduct this cut and collect trial which had a
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grass cutting head that sucked up the grass and blew it in to a trailer.

Figure2.2 Verge harvester showing cutting head and suction tube.

The machine collected 5.9 tons of grass from a single cut 4.3km run with a 1.1m swath givarggafresh
yield of 12.5hain 2016. The pilot in 2018 collected on average 3 tonnes per hour from a 1.2 m swath
travelling at 5 ki giving an average as received yield gh& tn2018 was another unusual growing season:
a very cold spell from late February to mAiglril.

Harvesting cost

The 2018 harvesting vehicle could travel at 6@hkemnd harvest at 5 kfh in dry conditions but only 3 Kim

in very wet conditions. It had a capacity of 15 t of cut grass and used a 1.2 m swath. The cost per tonne of
using one or two vehicles was not significantly different but using two vehicles does provide the option of
harvesting more grass in a day. The harvesting costs are very sensitive to yield and speed of harvesting which
is in turn influenced by how wet the grassitee costs for the 2016 fresh yield of 12Bbaand a harvest

speed of 4 kit (a higher yield and average harvest speed) and the costs for the 2018 harvest (with a lower
fresh yield of 5/tha and the higher harvesting speed of 9 lkrachievable in very dry conditions). In 2016 the
grass had a dry matter content of 24% so would expect to achieve a price of £21.60 per tonne, based on the
quoted cost of £0.9 per tonne per percent of dry matter. Harvest costs below this level can be achieved even
with a 1.2 m cut up to a radius of around 40 km. The harvesting costs suggest that the grass harvested could
be an economic feedstock. In 2018 the lower yield resulted in higher harvesting costs, but the significantly
higher dry matter content would result in a higher price being achieved. No other data on verge harvesting
costs were available in literature for comparison, but previous research has suggested that subsidies may be
required for harvesting. Our results suggest that harvesting was economically viable in both 2016 and 2018 in
Lincolnshire without subsidies, and costs will not place any constraints on the volume of biomass available for
AD.

Market for verge grass

All AD operators said they would consider using verge grass as a feedstock as a replacement for maize or rye
assuming that grass was free of chemicals contamination. But litter was a worry as its effect on the digestate
they sell, but this could be mitigated.

Conclusion

Roadverge grass has been shown in bothdahle tests and in use in AD plants to be a technically suitable AD
feedstock with digestion characteristics like those of other AD feedstocks. Both fresh and ensiled grass can be
added to an AD plant feedstock mix, replacing energy crops such as maize or rye, resulting in reduced CO2
emissions because of reduced fertiliser use. Enhanced verge biodiversity should also result. The use of a waste
feedstock is especially attractive to UK operators wishing to source 50% of feedstocks from wastes to qualify
for incentive payments. In the Lincolnshire case study, it was found that there was enough verge grass within
transportation distances of 20 kmoffa@nS R ! 5 LX ' yGa G2 NBLX I OS ¢ 27F

12
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AD operators interviewed were willing to use up to 25% grass in their plants and pay more than the estimated
harvesting cost, suggesting that harvesting may be financially viable without subsidies.

2.4 Case study 2: Powys living highways report, 2006

Back in 2006 a practical trial waated to investigate the feasibility of wide scale collecting of cuttings from
roadside verges in Powys for use in biogas and compost production

The objectives of the trial were

(e
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end products (including compost and biogas)
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The objectives from the Living Highways report are relevant for the GGG project and thus is a good example
of realtlife feasibility studyvhichwe can utilise the data to form a part of our report.

The trial wagonducted over four separate working weeks during the normal cutting séagomwys, as
elsewhere, the timing and frequency of verge cutting is dictated by the road safety requirements balanced
against time and budget constraints, while taking account of seasonal variations in growing conditions. Most
of the major roads receive two cuts per year, with junctions and other sight lines typically cut three times per
year. Minor roads are typically cut only once per yEle. trial looked at two different waste treatment
methodsfor the harvested biomasEirstly,it looked at on farm anaerobic digestianBank Farm in

Churchstoke for biogas producticind the second waste treatment method was Bryn Posteg in Llanidloes
where the biomass was used for compost production.

The harvesting antlansportationequipment used for the biomass was a Trilo SG1100 vacuum collection unit
which had a 5.5 metre reach Bomford Falcoin Flail arm fitted with a specially adapted 1200 Protrthishead
incorporated a double helix rotor shaft, an auger and extraction phgeFalcon Collector was specifically
designed for the project and engineered to drive the existing Trilo unit. Th&dniftord machinery was

teamed with a Massey Fergusson 6470 Dynashift tractor. The machinery cuts and collects the vegetation in a
single operation. In addition to the standard double helix flail rotor shaft, the cutter head also incorporates an
auger behind the rotor that moves cut material to the centre of the head, where it is sucked into the
accompanying Trilo vacuum collector trailed behind the mowing unit. The vacuum unit is powered from the
tractor power takeoff (PTO).When full, the load is emptied from the rear of the trailer using a walking floor
feature, operated from the tractor cab once the rear door has been opened mamsphart of the study

each day a location was chosena bulking site which is where biomass would be em@eather machine

would then be used to transfer the material to a bigger capacity vehicle for haulage.
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Figure2.3 Specialised machinery used to harvest vegetation from Powys Road verges

Figure2.5 Afull load emptied from the harvesting machinery at one of the bulking sites
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continuously feedstock of chicken litter and small amounts of skwonthe trial the road verge material was
fed into the digesteafter being chopped with very small amounts of slurry dalg.for the composting
process, the roadside vergeas composted along with other némod green waste materials.
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Quantities of vegetation harvested

The fresh weight of vegetation harvested per km was greater during the first cut (May/June) than during the
second cut (July/August). However, this was linked to a higher moisture content earlier in the year and in fact
there was very little difference between the dry weight yield during the first and second cuts. There is even
some indication that the dry mass yields per km may be slightly higher in July/August than in May/June. This
must be considered for the GGG project as yields will never be the samerdaeytdifferent variables such

as weather, temperature, soil conditiodsinual yields have been estimated using the mean data from each
cutting period. The mass yield of vegetation varied considerably between the different locations harvested
during the trial. The minimum and maximum annual yields observed during tteeerdagjood

representation of the likely range of road verge productivity that would be observed in Powys, because the
harvest locations were deliberately chosen to represent a wide range of characteristics. The greatest potential
annual yield indicated during the trial was 642 kg dry mass per km travelled with a flail cutting a single swath
width of 1.2which was cut oncé&.he data from the areas cut twice a year indicate a maximum potential

annual yield of 565 kg dry mass/km travelled. The lowest yield recorded during the trial was 78 kg dry
mass/km travelled=rom the data collected, it is not possible to determine absolute yieldddaations or

to extrapolate an absolute potential yield of vegetation from across the Woolgs Roaderge network.

While the yield range across Powys is likely tiikb¢hat observed in the trial, the relative extent of different
types ofvergesmay be different. Hence, the trial data do not necessarily represent a quantitatrsarsipte

of Powys Roaderges. In any case, yields would be expected to vary from year to year and may be expected
to decline over time in some cases, if harvesting were carried out regularly (in line with nature conservation
objectives). Despitthis limitation the data does provide us with base layer information. It suggests that in
most cases, mean annual yields could be expected to fall withid®@ dry mass for each km travelled

with a 1.2m cutter swathrorthe calculation a conservative estimate of 300kg dry mass/km verge cut has
been used as the expected annual yield.

Figures are expressed as kg dry mass collected per km travelled cutting a single 1.2 swath. Mean % dry mass
figures for the relevant samples are shown in brackets.

Minimum Maximum Mean
Verges | 1% Cut 110 (18.6) 266 (25.8) 182 (21.85)
cuttwice |2nd Cut |123(26.1) 299 (38.9) 219 (32.6)
a year
Verges cut 78 (36.2) *642 (42.9) **296 (34.2)
once a year

* This value was recorded on a ‘Roadside Verge Nature Reserve’ on A483

**Only 3 values recorded

Table2.1 Yield of vegetation from Powys Road verges

An annual yield of 36800 kg dry mass/ km travelled is equivalent te23tonnes dry mass/halyr
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Analysis of biomass

An analysis of theoadsideverge harvested was conducted by a laboratdhe absolute dry matter figures
indicate the proportion of the road verge vegetation that is not water. The volatile solids figures are
equivalent to the organic matter content, which indicates the proportion of the (dry) material that would be
available for decomposition by composting or anaerobic digeStimmoisture content of the road verge
vegetation tended to be lower later in the growing season. There were no obvious trends related to weather
conditions, although there was very little rainfall during the harvest operation to allow comparison. The
volatile solid content of the harvested material was relatively consistent across all the samples and the mean
value of 88.3% is therefore considered to be reliaslehown below ifiable2.2.

Minimum Maximum Mean

Dry Matter
% mass/mass fresh [ 18.0 46.2 29.0
matter

% Volatile Solids

(loss on ignition) 82.8 91.7 88.3
% mass/mass ’ ' l

dry matter

Table2.2 Dry mass and organic matter content of vegetation

Minimum Maximum Mean
Péi:gsos?mass dry matter 32.3 44.2 37.9
y::tgoog?:rr;: matter 1.52 2.79 203
Phosphorus 014 0.34 0.24
% mass{mass dry matter
i masimass orymater | 954 3.00 182
g,%*;{;’ggemaﬂer 0.92 1.95 1.38
S s dry matter 0.36 112 0.63
°.rasn‘(1)adsl:frrr?ass dry matter 0.09 0.87 0.31
S oorsamass cry mater | 014 0.26 0.19
"S&unl'g;;:nass dry matter 0.13 0.26 0.19
ngrk%ndry matter 5.81 16.80 9.34
:frlg;llﬂg dry matter 556 5990 1846
Mgafrl'?g? 2:;'?1?aetter 4 438 170

Table2.3 Elemental Constituents

Table2.3 shows the concentrations of a range of plant maara micre nutrients. There was considerable

variation in the elemental composition of the collected plant material. This may be due to the diversity of
locations (and hence diversity of soil types, altitudes, etc) from which the vegetation was collected. These
factors also have an influence on the plant species composition of the vegetation, all of which results in a
heterogenous material. The ratio of carbon (C) to nitrogen (N) in the samples tested ranged from 11.6 to 29.1,
averaging 18.7. This is slightly below the ideal range for both compost and biogas produ&ibm)(20hich

suggests that mixing with other relatively Caroich materials may be required to optimise the compost and
biogas production process. Such mixing is considered normal practice for these processes. This is important to
consider for the GGG project, as seek local anaerobic digesters in the South Wales region to utilise the
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biomassAlthough there was considerable variation in the C:N ratio between samples, there was no obvious
trend of changing C:N ratio through the season.

Table2.4 shows the concentrations of all the potentially toxic elements listed under BSI standard PAS100 for
composted materials, within the samples of fresh road verge vegetation. The concentrations of all these
elements fall well within the PAS100 limits, indicating that there is no obvious cause for concern if the
material were used to produce compost commercially. However, the PAS100 limits relate to the final
composted material, rather than to the raw starting material. The final concentrations of these potentially
toxic elements would undoubtedly change during the composting process and it is possible that while some
may some may become less concentrated, others may become more concentrated as the volume of material
0502YSa avYlLtftSN®» LT GKA&a ¢SNB GKS OFLasSz Al YlIeé 0S
achieve the desired quality. It was not possible, or appropriate to determine the final concentrations of these
elements in the compost produced during the trial. If a specific new compost product were developed using
road verge vegetation as a raw material, further testing and method development would be required, as with
any new compost product. However, these initial results do not indicate any immediate cause for concern
regarding potentially toxic elements.

Table 8 Potentially Toxic Elements
(all units are mg/kg dry matter)

Minimum Maximum Mean BSI PAS100
upper limit

Lead 517 19.20 9.85 <200
Nickel 1.30 4.40 2.48 <50

Zinc 37.3 80.5 54.8 < 400
Copper 7.97 20.90 11.32 <200
Cadmium |0.16 0.50 0.26 <15
Mercury 0.01 0.03 0.02 <1
Chromium | 0.95 3.98 2.03 <100

Table2.4 Potentially Toxic Elements (all units are mg/kg matter)
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Anaerobic Digestion Parameters
Dry Matter of Crop % 29
Biogas Yield from Road Verge | M” per tonne 111.0
Vegetation
Biogas calorific value MJ per m® 23.2
CHP Electrical Efficiency % 33
GHP Heat Efficiency % 52
Parasitic Electricity % 3
Parasitic Heat % 14
Value of Electricity £ per MW hr 80
Qil Equivalence of Heat KW. hr per litre 8.5
Price of Heating Qil Pence per litre 25
Value of Heat £ per MW.hr 29
Energy Crop Yield (Wet) tonnes per km per year 1.03
Value of Solid Biofertiliser £ per tonne 5
Simple Economic Analysis
Annual Verge Collection Tonnes per 100km 103
Total Digester Feedstock Tonnes per year 103
Biogas Yield from Road Verge | M” per day 31
Vegetation
Biogas Yield from Other | M° per day 0
Materials
Total Biogas Yield M per day 31
Energy Value of Biogas KW (fuel) 8
Potential CHP  Electricity | KW (electrical) 3
Production
Potential CHP Heat | KW (heat) 4
Production
Process Heat KW (heat) 1
CHP Availability % 95
Usage Factor for Surplus Heat | % 30
Gross Electricity Production MW .hrs per year 23
Net Useful Heat Production MW hrs per year 10
Oil Equivalence of Useful Heat | Litres per year 1206
Value of Electricity £ per MW.hr 80
Value of Heat £ per MW.hr 29
Value of Gross Electricity | £ per year 1848
Production
Value of Energy Production £ per year 2149
Value of Solid Biofertiliser £ per year 52
Summary of Economics - £ per year
Value of Electricity 1848
Value of Heat 301
Value of Solid Biofertiliser 52
Total Income 2201
%

Table2.5 Potential income fromMnaerobidigestion, for an ofarm digester

A L
N (Ef/
s
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Table2.5 shows the estimated potential income from the Anaerobic Digestion of road verge vegetation. The
figures have been provided by Greenfinch Ltd, based on current market values, and based on a conservative
estimated annual vegetation yield of 0.3 tonnes dry mass per km travelled with a single swath cut of 1.2m.
The potential income from Anaerobic Digestion per km cut is £22allthe products of AD (electricity,

heat, solid and liquid fertilisers) are utilised

Table2.6 shows the potential income from compost products using road verge material, based on current
market values for different grades of compost, supplied by the Waste and Resources Action Programme
(WRAP). The potential income per km travelled with a 1.2m width cutter ranges from as little as £1.24 for low
quality compost up to £15.52 for high grade compost sold in smaller quantities. It is considered unlikely that
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road verge material would be used in the production ofgigitle growth media, due to its variable
composition, so the maximum valis£12.40 per km for high-gradelandscaping compost.

Units
Annual fresh yield per km travelled Tonnes/km
mean Dry Mass + mean water content) 1.034 travelled/yr
Annual compost production per km 0.621 Tonnes/km
(assuming 40% mass reduction) . travelled/yr
Current market price
(20mm grade - landscaping) 18-20 £/tonne
Current market price
(finer material) 25 £/tonne
Current market price
(Agricultural uses) 2-3 £/tonne
Potential income per km
(20mm grade - landscaping) 11.17-12.40 £/km travelled/yr
Potential income per km
(finer material) 15.52 £/km travelled/yr
Potential income per km (agricultural
uses) 1.24-1.86 £/km travelled/yr

Table2.6 Potential income from Compost Production

Based on these valugspadverge vegetation has a potential economic value if used for compost or biogas
production. The essential question is whether the value of the end products is high enough to justify the cost
of harvestingtransporting,and handling the raw material, along with any costs involved in producing and
supplying the end products.

Both these case studi¢kincolnshire and Living highways) are great examptesaldife trials that have been
conducted and produced genuine reliable daa a result, the datollected such as the verge grass analysis
and thelogistics of the grass is all relevant to the Gwent Green Grids prdject we can draw on their

findings from tle studesand utilise it in our current researdbespite thdinancial figures being out of date

by now, it is still useful to give us a baseline understanding of how such a project could be financed and be
profitable.

2.5 Contamination of feedstocks

When using feedstock fronoadsidevergessports fields and common lajcbntamination of vegetation can
arise from a variety of sourcd®oadside vergeme susceptible to contaminants from vehicles such as
potentially toxic element§TE) and polycyclic aromatic hydrocarbons (RAtkey can also pose a probleas
well as dodaecesHoweveran assessment on PTE and PAH contamioantduded that while higher levels
of contamination were found imadsideverge biomasshe levels were welielowthose which could cause
concern for AD plastand pyrolysis/erge grass is not classified in EA waste regulkatiorso it is not

currently a permitted feedstock unless a temporary exemption is agreed for feedstock and digestate use.

A German PhD projef@l]investigated 16 elements (Ca, K, Mg, N, Na, P, S, Al, Cd, CI, Cr, Cu, Mn, Pb, Si, Zn)
contained in grass collected from roadside verges in the city of Kassel. The study was designed to address the
specific issues surrounding the use of roadside verge material, following concerns about anticipated
contamination from cars and fuel. It therefore studied elemental concentrations of an increased number of
heavy metals. All heavy metals were shown to be within the natural range found in grasslands, and all
elements except nitrogen and chlorine were below the limiting values for combustion upon collection. N and

Cl content fell below the limiting values after an IFBB washing procedure (hydrothermal conditioning)
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Litter contamination

For the arisings from ctaind-collect of the verges to be suitable for use in aerobic digestion any litter present
must be removed before cutting when it is easier to sort. Currently the most effective method is still the
manual collection by hand so the cost of this will need to be factored into the feasibility estimations. The
recommended method according to the Combine report, involved 2 teams of 2 litter pickers accompanied by
a safety vehicle to display warning messggep With 6 staff working in this way the estimated length of

verge that can be cleared within a day is 10km, this was achieved with the 2 teams starting on the same side
of the road but working from opposite ends and moving till they met in the middle, and then moving to the
other side of the road and repeating this process.

Soil Contamination

Traditional low cutting heights (e.g., 2.5cm) were found to lead to high contamination (about 40fb) of
within the arisings, so was deemed unsuitaBecommended cutting heights are-1Bcmabove ground.
The eco mowerHigure2.6) was able to maintain lower soil contamination &iveer cutting height, although
it was necessary to increase mowing speed, and thus decreas€fiftiehcy.
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Figure2.6 Herder "Eco" Rotary Mower with Vacuum pick20p

Figure2.7 Flail mower with vacuum pick [80]

Purification of arisings

If arisings are contaminated with soil / grit, then washing has been shown to successfully remove
contamination prior to processing. This, however, uses energy and also washes out some sumesalks
in less biogas generation. It also decreases dry matter which increases weitjigrafute washing is only
suitable if the facility is located next to the AD plant so that the biodwessnot need to be transported.
Alternative techniques which have been shown to be effective in removing contamination frgragbeare:
sieving using a rotary or star sieve; ballistic separator; or magnets22. In a rotary sievateiis passes
through the sieve and heavy or larger particles are emitted from the end oflihder. A star sieve is a
similar process but can also sort medium sized particles. A ba#séiator separates out heavy objects, e.g.
stones and glass; the heavy fraction is bounced upveadishe light fraction falls to the bottom. Magnets
can effectively be used to remove metal objects.
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3 Technologies

3.1 Anaerobic digestion

One of the treatments to process feedstock is anaerobic digestion. This is the biological conversion of organic
matter to biogas under oxygen free conditi¢®3]. This process can generate heat and electricity and it also
produces a digestate high in nutrients which can be used as a bio fertiliser. The prodesss a gas

mixture principally composed of methane {Cahd carbon dioxide (GQotherwise known as biogas. AD is

most used in the UK for processing animal manure and human waste in treatment plants, nevertheless co
digesting crops with manure can improve the performance of digesters which leads to increase in methane
yields. Feedstocks for AD can include energy crops, waste food from processing factories, grass silage and
agricultural by products such as strawwide range of materials can potentially be processed, but each has
varying characteristics with regards the quantity of biogas that may be produced and the period over which
this digestion may occur. In addition, some materials may have concentrations of other substances (for
example Nitrogen or disinfectant) that can adversely impact the microbiology within the digester and
therefore a clear understanding what materials are available is necessary. In addition, whilst some materials
may be available with no cost, or even at a fee, other materials will have differing costs to the project which
can be subject to a range of factors relating to the market and location of the plant. In all cases it is important
to assess the difference between the cost of a material in relation to its value (in terms of the quantity and
quality) of biogas produced.

Salter[13], found that using verge grass from principal and classified rural roads in England and Wales to
generate biomethane for transport fuel could save up to 24 000 t of CO2 per annum. Using verge grass
instead of an energy crop can reduce CO2 emissions from AD energy production as GHG emissions from
cultivation and fertiliser use are avoided.

With different regions planning different initiatives such as no mow may etc, councils need to ensure a
reliable yearround supply of feedstock. This can be done by ensiling which is a biochemical preservation
method widely used in livestock farming which converts fresh crop into silage. Once the biomass is sealed
under anaerobic conditions lactic acid producing bacteria (LAB) proliferate. LAB ferment the most readily
available organic matter into lactic acid, which accumulates, to decrease the pH of the crop to around 4.0
[24]. The decreased pH prevents the growth of spoilage microorganisms, allowing the crop to be stored for a
prolonged period25].

There are many different feedstocks which can be used in an AD plaseditiswill examine the options.
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Energy crops

Energy crops can be a valuable addition as feedstock to anaerobic digestion plants as these can provide a
predictable and consistent source of biogas. The price these crops are available for is inevitably linked to the
agricultural market as growers will make decisions on entering contracting arrangements based on the
perceived levels of risk and reward within the commaodities market. These markets do vary across the region
with soil type, weather conditions and historical land use practices. In addition, environmental designations or
limitations have an impact; for example, the availability of irrigation water supplies may limit the profitability
of certain crops.

Energy crop types

pplying an AD plant with energy crops can be an effattdtbod of providing a feedstock mix (recipe) that
allows effective and efficient processing that maximises methane production. It is also relevant that materials
with high starch and fat content will digest at a faster rate than those with a high level of cellulose or lignin.

Energy crops may be of the following type:

w Energy crops specifically planted higimethane yielding varieties of crops planted specifically for

an AD plant either as part of rotation or a continuous basis. Examples include varieties of maize,
rye, triticale and beet.

Commodity cropsg crops grown for the general commodity market, but where the relative

pricing makes it more attractive to send to an AD pigrdrhaps as a result of oversupply or

market changes. An example might be sugar beet that had not been contracted for sugar
extraction, wheat where the selling price is lower than the growing price, or the swap of sugar
beet for processed sugar beet pulp.

Break cropg where the crop is grown as part of rotation to control weeds, e.g. Black Grass or soil
fertility - Rye or field beans are often used in this regard, but this could also include grass silage
where only one cut is taken in a predominantly grazing system (for example sheep or poultry) in
order to control animal health and parasites.

The potential biogas yield across these types of crops can vary widely, as illustrated in the table below. It is
important to also recognise that not only do different crops have different yields in the field, but they also
have differed dry matter contents and the yield and composition of resulting biogas will vary to give differing
gas yields per area of each crop grown.
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Crop Dry Biogas CHa Advantages Disadvantages
Yield Matter Yield Yield
(typ.)  (range) | (typ.)
tha A m/t mt
Energy )
maize 60 | 27-31 | 200 53 105 | 6,300 High methane _
yield’ha Relatively slow
Easy storage and retention time
Forage 45 | 2835 | 200 53 105 | 4725 feeding
maize
ng?jzt;eisﬁrle Needs specialised
Ensiled beet 100 22-24 180 55 99 9,900 . machinery and
Fastestl pos_snble careful storage
retention time
Whole crop High whole crop
cereals yield with high DM
(e.g._wheat, 40 33-36 200 54 108 4,320 Acceptable for Needs short chop
t{)ltlclale, drought prone areas | |ength at harvest
arley) Good feedstock
Hybrid Rye 40 33-36 200 54 108 4,320 partner for maize
High DM — but 20%
| )
Grasssilage | 25 2528 | 160 53 90 2,250 _owergas Low methane yield
yields per t fresh per area grown
weight

Table3.1 Typical Energy Crops and Yields

Commercial, industrial, and other wastes

To enhance the energy yields and community participation of the AD plant, it is proposed that suitable wastes

and residues from other sectors of the local economy may be accepted into the plant. The acceptance of such
materials can be a valuable addition to the project, as many of these materials have the potential to generate

significant biogas yields, however they do bring additional management

The process of anaerobic digestion consists of three steps. The first step is the decompaosition (hydrolysis) of
plant or animal matter. This step breaks down the complex organic material to-sizallenolecules such as

sugars. The second step is the conversion of decomposed matter to simpler soluble organic molecules,
AYyOft dzZRAY 3 @2t GAfS T2NHRyADXRAIKKIC! RAYIOE hadl KENY &S NI
AD reactor may consist of a single chamber, in which all three stages occur together, or it may comprise two

or three consecutive chambers, which allows physical separation of the biochemical stages.

In a single stage reactor, the aim is to optimise conditions for both groups ofargarisms, but the second

IANRdzL) 0 K2aS NBalLRyairofS F2NJ O2y@SNIAy3d +C! Qa (2
o8 f2¢ LI @GLrfdsSad |1 SyO0Sz AT F2NI Fyed NBlFazy GKS& R

VFA production, the rate of conversion to methane falls still further and the process can grind to a halt. A high
f S@St 27T +adgexdactdr i§ therefode aryidlicaion of inefficiency (not all the feedstock (raw
material) is being converted) and of impending operational problems. On the other hand, a feedstock that
produces lots of VFA is a good one for biogas production if the conditions can be controlled. For these
NElFrazyaz C! Qa |yR LI IINB 2F4GSy Y2yAG2NBR RdzNRy3
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Feedstock Biogas Yield (m3/t) Feedstock Biogas Yield (m3/t)

Cattle slurry 15-25(10% DM) Potatoes 276-400

Pig slurry 15-25 (8% DM) Rye grain 283-492

Poultry 30-100 (20% DM) Clover grass 290-390

Grass silage 160-200 (28% DM) Sorghum 295-372

Whole wheat crop 185 (33% DM) Grass 298-467

Maize silage 200-220 (33% DM) Red clover 300-350

Maize grain 560 (80% DM) Jerusalem artichoke 300-370

Crude glycerine 580-1000 (80% DM) Turnip 314

Wheat grain 610 (85% DM) Rhubarb 320-490

Rape meal 620 (90% DM) Triticale 337-555

Fats up to 1200 Qilseed rape 340-340

Nettle 120-420 Canary grass 340-430

Sunflower 154-400 Alfalfa 340-500

Miscanthus 179-218 Clover 345-350

Flax 212 Barley 353-658

Sudan grass 213-303 Hemp 355-409

Sugar beet 236-381 ‘Wheat grain 384-426

Kale 240-334 Peas 390

Straw 242-324 Ryegrass 390-410

Qats grain 250-293 Leaves 417-453

Table3.2 Biogas yield and feedstock productij2]

The table above shows data on the potential biogas yields of feedstocks commonly used in anaerobic
digestion(numbers given iitalicsare taken from a\D calculatoproduced for NNFCC by The Andersons
Centre, all other numbers are from Biogas from Energy Crop Digestion by f2e)lEXI figures are based

on fresh weight unless stateldor the sake of the GGG project, it is important to note that the biogas yield of
grass is 29867 (n¥/t) and leaves is 41453(n¥/t). The yield of biogas from a particular feedstock will vary
accordingly. The purity of the feedstock, length of time in the digester, the type of AD plant, dry matter
content and the energy left in the feedstock are variables that can affect the yield of biogas.

Mixer

S ]

Mixer
) @ Gas collector
Y
Reception Macerator - Pump > a
tank
an Digester /—\
" Digestate
@ tank
Heal @@%
exchanger ' “MP T~

Pump

Figure3.1 A simplified example of an anaerobic digester system
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At its simplesas shown abovean anaerobidigester consists of a sealed vesse (the digester) to which a
substrate (the material to be digested) is added. Wimmnmaterial is added, a volume of digestate is
removed so that theolume of the digester contents remains constant. Digesisorally takes place within
one of two temperature rangemesophilic (3g428°C) or thermophilic (5608°C). To achieve these
temperatures, the digester is heated by internal or external eeeltangers. To aid the digestion process the
digester may bestirred either mechanically or by pumping the biogas bHadugh the digester contents. The
digester itself requireslectricity for pumps, mixers, and so on, and for heating (bothaiotain the digester

at the optimum operating temperature amad raise the temperature of the feedstock from ambient to that of
the digester).

There are various technologies available for anaerobic digestion. The digester can be wet or dry, mesophilic or
thermophilic and a single or multistage. Currently in the UK the most common tigpariesophilic, wet,

single style. Generally, AD is conducted in the form of liquid at low total solid (TS) content less than 15% and
this is called wet anaerobic digestion. Wet AD is suitable for wastes with low TS contents (and high moisture
content). However, to maintain low TS content in the reactor, it reqaitage amount of water if it treats

wastes with high TS content, such as lignocellulosic biomass, resulting in increase in reactor volume as well as
generation of a huge volume of wastewater to be trea@n the contrary to wet anaerobic digestion,

operation at TS content of higher than 15% is classified as drystspéifianaerobic digestion. Dry anaerobic
digestion has several advantages over wet anaerobic digestion such as less freshwater usage and favourable
energy balance. Agricultural waste such as lignocellulosic biomass has high TS content. For example, TS
contents of the corn silage, grasses, and straw biomassese@@%5For livestock manure, depending on
pre-treatment (solidliquid separation), TS contents of solid phase ac8Q%. Therefore, agricultural wastes

are suitable in dry anaerobic digestion in terms of TS content. Total solid contents of the solid fraction after
solic;liquid separation of wet digestate is¢B®%, which are comparable or slightly higher than TS content of

the dry anaerobic digestate (TS content in the reactor). Therefore, it would be expected that dry anaerobic
digestion would reduce posligestate treatment such as s@lidjuid separation and treatment of liquid

fraction, which can reduce energy consumption and cost for plant construction and operation. Therefore, dry
anaerobic digestion would have more advantages over wet anaerobic digestion for biorefinery of agricultural
wastes.

Although dry anaerobic digestion has several benefits, still wet anaerobic digestion plants have more
advantages in terms of energy balance and cost performance in pr&igestate from the anaerobic

digester can be used as fertilizer as it contains nutrient for crop growth or further processed to produce
valueadded products as noted above. For digestate from wet anaerobic digestion, digestates are subjected to
solicgliquid separation [18]. These liquid fraction and solid fraction can be used as fertilizer [18]. Numerous
studies have been conducted to evaluate effect of digestate from the wet anaerobic digestion on crop
production and environmental risks [15], while digestate from the dry anaerobic digestion has not been well
studied.Wet anaerobic digestion systems are designed to process biodegradable feedstock into a digestate
slurry with typically less than 15% total solids. For feedstock with high total solids, the mix is diluted with
either fresh water, rlO A NOdzf F § SR LINPOS&aa 6 GSNE 2NJ I y2GKSNJ 2NAI
to the incoming waste stream (i.e.-dmestion).
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The differences in wet anaerobic digestion and dry anaerobic digestion are tat in wet AD, the feedstock is
pumped, heated, and stirred-E% solids) and in dry AD it can be stacked (over 15% solids), with leachate
sprayed over the top of it which percolates through the material, breaking it down over a longer retention
time. Wet systems have a successful track record in treating low solid materials such as human sewage and
food waste.

Dry Digestion in fuicale application can be performed in a continuous or discontinuous system. Dry
digestion is called discontinuous because biogas production is sequenced with loading and unloading phases.
Several digesters will operate in parallel and allow a constant production of biogas over time.

Dry anaerobic digestion is an alternative solution to wet anaerobic digestion to optimize the value of manure.
In fact, a wet anaerobic digestion plant is quite limited for the treatment of dry radated substrate. Dry
anaerobic digestion systems allow the use of substrates with a high content of crop residues, household
waste and livestock manure.

Advantages and disadvantages of dry anaerobic digestion

Advantages Disadvantages

1 Dry matter / total solids 280% compared T Special technologies for loading and

to 20% maximum for wet digestion unloading of the digester are necessary

1 Need to manage the variation of biogas a
heat production

1 Low power and heat needs

1 Very tolerant system for contaminants T Not totally mixed

(sand, fibres, large particles, etc.)

1 Very tolerant system farontaminants 9 Indiscontinuous systems, the microbial

(sand, fibres, large particles, etc.) process has to start for each batch

1 In many cases, lower methane yields
compared to wet AD systems

1 Management of several digesters
simultaneously

1 In many cases, large quantities of structu
material is required (a lot of digester spac
is consumed for structure material)

9 Less critical equipment (pumps, agitation
systems, feeding equipment)

91 Production of langapplied solid digestate
similar to manure

1 Low amount of water

Table3.3 Advantages and disadvantages of dry anaerobic digestion
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Advantages and disadvantages of wet anaerobic digestion

Advantages Disadvantages
1 Greater flexibility in the materials to lreated I Need to add liquid to reduce the dry matter of
the mixture
1 Low investment and operating costs 1 Requires robust and costly mixing equipment
91 Integrated biological desulphurization 9 Significant energy requirements of the facility

to run pumps anagitators

9 Production of wet digestate that can modify
practices for land application afehd to
additional investments (slurry tankers)

1 Lower dry matter content for the digestate

Table3.4 Advantages and disadvantagesiat anaerobic digestion

Input material maximum 20% dry matter 20-40% dry matter
Water consumption Dilution may be necessary Percolat renewal
Process stability Easier Ito int.ervene in thg case of Nged to manage several
biological malfunction digestors simultaneusly
Lower need for thermally
Heat need 20 to 30% of the heat produced insulated installations
Power need Pumps and mixers Low
Fuel need None, except if dualfuel engine None, except if dualfuel engine
Digestate Pumpable Removed with loader
Manpower need Possible automation Important for loading/unloading
Biogas production Linear production Sequenced production over time
Security Plant commissioning = high risk Loadlnglunloaqmg = high risk
period period

Figure3.2 Comparison of anaerobic digestion processes (Collective farming grouping)

Key parameters of dry anaerobic digestion

Anaerobic digestion is conducted by anaerobic microorganisms contributing to hydrolysis, acid production,
and methane production. Therefore, operation parameters should be considered for their growth and
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inhibition. For example, manures containing high concentration of ammonia auses ammonia inhibition. In
addition, higher TS content in the dry anaerobic digester causes slow mass transfer, resulting in slow
decomposition of intermediate. The accumulation of the intermediate will result in inhibition of methane
production. In this section, important parameters of dry anaerobic digestion were reviewed.

Total solid content

Hightotal solid (TSjontent can reduce reactor volume and capital cost [9]. However, in dry anaerobic

digestion, higher TS content reduces methane production. Xu et al. reported that maximum methane
production rates were proportionally increased with TS content between 0 and 20% while gradually

decreased from 20% TS to 30% TS content in mesophilic digestion of corn stover [33]. For mesophilic dry
digestion of empty fruit bunch and oil palm trunk, methane yields at 16 and 25% TS contents @56 250

Y[ Ibwm 2{d 1 { opm:r ¢{ 02y (iSyi> K2gSOHSNI YSGKIYyS &AS§S
[31]. In sembatch dry thermophilic cdigestion of pig manure and rice straw, biogas yields were around 600

Y[ Ibwm {3 YR y2 +C! & | OOdzydzf I GA2y &6l & 20aSNBISR
However, biogas production was decreased concomitantly with VFAs accumulation when TS content in the
reactor exceeded 28% [16]. Therefore, TS content should be carefully chosen and managed.

Over the past 30 years, dry anaerobic digestion process has been developed and marketed by different
companies in Europe. Commercial dry anaerobic digestion processes such as Valorga, Dranco, Kompogas,
Bekon, and Bioferm are the most prevalent processes for treating municipal solid waste (MSW), biowaste,
livestock waste, as well as green waste (Table 1) [10, 39].

SRT*/
Temperature o . Biogas yield  Capacity
Technology Waste TS(%)  Digestion period Plants***
(°C) (my/t**) (1000 tons/year)
(days)
Valorga MSWeees 35,55 2535 16 35 80 160 10 498 27
Continuous  Dranco MSwW 55 20 50 13 30 103 147 3320 32
Kompogas MSW, green waste 55 23 28 15 20 110130 15-274 25
- Biowaste,
Full scale Bekon . 35,55 Na 28-35 130 4.5 60 60
agricultural waste
Batch Food waste, green
Bioferm waste, agricultural 35 25 28 Na 8 9
waste
Methane
; Scale (L)
yield
Kimand Oh  Food waste,
) 35 30 50 30100 250 L/g COD 60
New case . [49) livestock waste
X Continuous
studies Zeshan et al. MSW 8 121-327 6 =
MSW 3555 1 13-153 90 Na
(48] % A L/kg VS
Batch Meng et al. Rice straw, pig
55 20 40 191L/kgVS 0.5
process [51] manure

*: Sludge retention time

**: Wet weight base

***: Accessed at 30 December 30, 2019
**#**: Municipal solid waste

Na: No data

Table3.5 Performance and parameters of commercial and new case studies of dry anaerobic digestion process. source
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To improve homogenization, several different typesValorea 1 vame Biogas D" Biogas
of continuous dry anaerobic digestion processes

such as Valorga (France), Kompogas (Switzerlanq)fame
and Dranco (Belgium) have been proposed. In  digestate
continuous digesters, wastes (substrate) are added
to the digester at regular intervals, and equal

O
o
se3o1q pauImnay

x&
&

0’\% 7

amounts of finished products (digestate) are o

removed. For example, Valorga process sets a digestate

central baffle in the vertical steel tank, and the Wastes | ViXer .

baffle extends two thirds of the way through the Rurip) Bwchuse
c. Kompogas

center of the tank. Wastes are forced to flow 5
. Wi

around the baffle from the inlet to reach the outlet' e

i i i i ‘ Surplus
port on the opposite S|d§, crea.tmg a F)Iug flow in l Sl
the reactor. Pressured biogas is provided at the

. . Returned digestate
base of the tank at intervals, which promotes the
moving up of wastes to the opposite side of the [ Gas f
— Percolate [ as flare

tank and the contact between wastes and mature A 7, |
digestateas shown below iRigure3.3.

Biogas

Combined heat
and power unit

Drainage system for percolate system

Figure3.3 Dry anaerobic digestion designs

Like Valorga process, vertical tank is also used in Dranco process. However, different to Valorga process,
Dranco process performs the mixing of wastes and finished digestates by a special pump (mix and introduce
the mixture of wastes and finished digestates to the pipeline) before introducing the mixture into the inlet
located at the top of the tank. Thereafter, introduced mixture moves from the top to the bottom (outlet) by
gravity without any internal mixing mechanism during digestion (Figure 1b). Total solid content in Dranco
process usually ranges from 20 to 50%, while the SRT ranges from 13 days to 30 days. Approxigidfely 103
Yo Gbm 2F o0A23La&a OFLy 0S NBO2OSNBRO®

Different to Valorga and Dranco processes, Kompogas digester is a horizontal steel tank with slowly rotating
axial mixers that assist in conveying the material from the inlet to the outlet, keep heavy solids in suspension,
and degas the thick digestate. Finished digestates are recycled to inoculate the fresh wastes (Figure 1c). TS in
Kompogas process usually ranges from 23 to 28%, and processed water may be added to reduce the solid
content, while the SRT ranges from 15 days to 20 days. Approximatela 1ff t** of biogas can be

recovered [41, 45].
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Existing anaerobic digesters in South Wales

As part of this project, we are aiming to see which waste treatment method is most suitable for the feedstock.
Therefore, it is important to look at already existing AD plants in South Wales. Data provided by the Welsh
Government gives a detailed breakdown of the type and the amount of waste each region is already sending
to AD plants in South Wales. Currently the 5 regions provide feedstock to various treatment centres in South
Wales. The table below illustrates the figures all the different sites and the amount of feedstock sent from
each region. Additionally, we will open dialogue with these different treatment centres to see if they have the
capacity to accept more feedstock if each region was to increase their cut and collect capacity. As part of this

project, we aim to cover every aspect, and therefore we will also be looking at costings and financial
modelling and the feasibility for establishing a completely new AD site as part of the GGG project.

Biogen AD Parc Stormy AD| Bryn Group AD | Alltyryn Green waste Agrivert LTD
Aberdare Bridgend Gelligaer Newport company Wallingford
(Agrivert) composting (Abergavenny)
centre
Site Annual 22,500 tonnes | 50,000 tonnes | 13,500 tonnes | 10,000 tonnes 10,000 tonnes
Capacity
Newport 3900 tonnes of 8800 tonnes of
organic waste organic waste
Torfaen 3300 tonnes of | 1500 tonnes of 3100 tonnes of

organic waste

organic waste

organic waste

Blaenau Gwent

3000 tonnes of
organic waste

649 tonnes of
organic waste.

3000 tonnes of
organic waste

Monmouthshire

5000 tonnes of
organic waste

5000 tonnes of
organic waste

207 tonnes of
organic waste

Caerphilly

11800 tonnes of]
organic waste

Table3.6 Table showing the existing AD plants in South Wales and the current supply of organic matter from local counties

Composting

Compost is a common name for humus, which is the result of the aerobic decomposition of biological
material. This is another treatment method to deal with feedstdalring aerobic decomposition (in the

30




GWENT Fo e oc)\
. GWENT b o Llywodraeth Cymru

Welsh Government

presence of oxygen), there is no net production of greenhouse gases. AIthoh carbon dioxide (CO2), a
greenhouse gas, is produced, the amount of CO2 released only corresponds to the CO2 that was fixed from
the atmosphere into the plant material when it was alive. Hence, there is no net release of CO2 and no net
contribution to global warmindouring the composting process, decomposition is performed primarily by
microbes, although larger invertebrates such as worms and ants contribute to the process. Decomposition
occurs naturally in all but the most hostile environments. However, rather than allowing nature to take its
slow course, commercial compost producers aim to provide an optimal environment in which decomposers
can thrive. To encourage the most active microbes, the compost pile needs the proper mix of ingredients,
especially Carbon, Nitrogen, Oxygen, and water. Decomposition happens even in the absence of some of
these ingredients but is much slower. (Mention composting in South Wales relevant to GGG)

Verge grass as a feedstock

Sudies found that verge grass was suitable for digestion, but problems with available machinery, the safe
operation of vehicles during harvesting amar to year variations in yields were encountered, and it was
expected that financial subsidies may be needed to support harvesting [Saltésund that using verge

grass from principal and classified rural roads in England and Wales to generate biomethane for transport fuel
could save up to 24 000 t of gé&er annum. Using verge grass instead of an energy crop can reduce CO
emissions from AD energy production as GHG emissions from cultivation and fertiliser use are avoided,
although the level of reduction will depend on the specific crops replaced and any resulting land use changes.
Grass is a sustainable source of lignocellulosic material which can be cultivateeboabt®fands, making it
non-competitive with other crops for food producti¢2g]

To ensure a reliable, yeesund supply of feedstock the grass is usually ensiled. Ensiling is a biochemical
preservation method widely used in livestock farming which converts fresh crop into silage. Once the biomass
is sealed under anaerobic conditions lactic acid producing bacteria (LAB) proliferate. LAB ferment the most
readily available organic matter into lactic acid, which accumulates, to decrease the pH of the crop to around
4.0[29]. The decreased pH prevents the growth of spoilage microorganisms, allowing the crop to be stored
for a prolonged periof30]
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3.2 Pyrolysis & Biochar

What is Biochar?

Biochar is a black, carbaith, material produced by thermally treating biomass materials in aelimited

oxygen conditions using a process called pyrolysis. It is a highly porous product with a very large surface area.
Biochar has a high carbon content, more than 60%, and therefore is an effective means of locking away
carbon when used in long term applications. When applied to land, biochar is not only a carbon sink, but can
act as a soil improver by increasing the water and nuttieitting capacity of the soil. It may also be effective

in demingreenhouse gas emissions from the soil. With the correct calibration, therefore, biochar application
could offer considerable benefits in terms of mitigating climate change, improving food security and reducing
reliance on chemical fertilisers, all of which could have considerable environmental and economic

advantage.

Six ways to pull CO, out of the air
COz COo,

BECCS Forestation Direct air capture

Fast-growing plants are harvested Planted trees capture CO,as CO,in air selectively “sticks”

and burned to make energy. they grow. The carbon remains to chemicals in filters. Filters are

Exhaust carbon is captured and sequestered as long as forests reused after releasing pure CO,,

piped underground. are not cut down. which can be stored underground.
CO, CO, Co,

Biochar and soil sequestration Enhanced weathering Ocean fertilization

Charring biomass stores carbon When spread across fields or Injections of nutrients like iron

in soil by making it resistant to beaches and wetted, crushed spur phytoplankton blooms, which
decomposition. Altered tilling silicate minerals like olivine absorb CO,. When they die, they
practices also enhance CO ,storage. naturally absorb CO,. take the carbon to the sea floor.

Figure3.4 Six Carbon capture & storage methods, IPCC Special report

Biochar production, and subsequent sequestration into soil, is one of six Carbon Capture &Storage methods
RSGFAESR Ay UGKS Lt/ / { LISOM] dndisw&hdaided by th®dlopaddarbon2 | NI A
trading marketplace, PuiBarth, as one of three carbon removal methods eligible for sale of carbon removal
certificates (CORCS). As a result, there are likely to be opportunities to attract environmental payments for
carbon sequestration soon, as the new agricultural payments system develop into paymensi@teco
services.

It is widely recognised that for every 1 tonne of Biochar produced 3.6 tonnes afe@questered and the
whole pyrolysis process is carbon negative as the process isassaihing exothermic reaction.

32



\?Cf(g
A

S "

. % GWENT e 28\
e o “*  Llywodraeth Cymru

GWENT Welsh Government

Pyrolysis

Pyrolysis is the heating of an organic material such as biomass in the absence of oxygen. As a result of no
oxygen being present, the material does not combust and the chemical compounds that make up that
material thermally decompose into combustible gases and charcoal. Thus, pyrolysis of biomass produces
three products: one liquid, bigil, one solid, biochar and one gaseous (syndds.proportion of these

products depends on several factors including the composition of the feedstock and process parameters.
Figure3.5 below illustrates the process.

Biomass

—manure

~ organic Transport
wastes Energy

Coproducts (ol, cosmetics)
Industry

- bioenergy
crops
(grasses, willows)
- crop residues

Optionally, N,, NO,, SOy,
CO, can be added to
increase C sink and nutrient
content

Returned to "
soil as biochar

Figure3.5 Concept of pyrolysis process

Circular Carbon Economy

S, why is biochar so relevant? Carbon is essential for all life on wartire in essence carbdmased life

forms. Our bodies are 18.5 percent carbon, by weight. Every living thing is built on a backbone of carbon;
animals, plants, every living cell, and of course humans rely on the existence of the element know as carbon.
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surface
ocean (1,000)

milrobial respiration respiration &
N photosynthesis
& decomposition decomposition

soil carbon (2,300)

— — — w—
ocean sediments i

reactive sediments (6,000)

deep
ocean (37,000)

fossil carbon (10,000)

Figure3.6 Carbon cycle

To place this into context we must briefly touch upon what is known asthen cycleFigure3.6-. This
diagram of the fast carbon cycle shows the movement of carbon between land, atmosphere, and oceans.

Yellow numbers are natural fluxes, and red are human contributions in gigatons of carbon per year. White
numbers indicate stored carbon. (Diagram adapted from U.S. DOE, Biological and Environmental Research
Information System.)

Our issues around climate change arise when the store of fossil carbon is essentially converted into
atmospheric carbon, impacting a delicate balance. It is these impacts that are pushing us to try and do more
with biomass carbon and less with fossil carbon. This is where the notion of the circular bioeconomy comes
into play, and this is why biochar is so relevant. The Circular Bioeconomy and the circular carbon economy
share many parallels and in many instances are complimentary.

The bioeconomy operates in principles of cascading uses for a bioresource where the most value and use can
be extracted from different streams of the material, ultimately extending the usefulness of a material or
resource, allowing for the waste from one process to be used as the input for another and ultimately
improving efficiencies of production while minimising the amount of waste in a system. It is within these
systems that biochar production and use can play an integral role. A successful and sustainable bioeconomy
will rely on a healthy environment and indeed biochar has its role to play in achieving this.

34



o

. @ GWENT e, A
Sy o " Llywodraeth Cymru
GWENT o = Wyelsh Govternrzlent
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Resource-efficiency, Optimizing value of biomass over time, Sustainability

Integrated, multi-
Circular & durable output produdlon chains

product design 1 (e.g. Biorefineries)
Sustainabl Bioener
Do ’m_ﬁ, e 1
Recyclin 4'

sourcing
food & feed
& cascading

Circular
bioeconomy ’
‘ ¥ P~ Prolonged &
shared use

E Bio- based products

Energy recovery & Covnpo%
‘ ‘ Bioenergy &
biofuels

Figure3.7 Circular bioeconon{1]

Pyrolysis Technology

Pyrolysis technology broadly sits in three categories: Open/flame cap kilnskiBet@nd Continuous

operation kilns. This section will provide a brief overview of each of these technology types looking at micro
scale units up to Macro scale units.

Open/Flame cap kilns
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Figure3.8 Earthly Biochar kiln

Figure3.9 Kon Tiki Kiln

Open/Flame cap kilns are on the lower tech side of things, such as this Kon tiki kiln pigtunei9.

Once the kiln is loaded with dry biomass it is lit in a similar fashion to a firepit. Once heat is applied, the
biomass begins releasing combustible gases. The shape of the kiln angles this gasitmtiiedglét above
0KS 0A2Yl&aa ONBFGAY3I | aFtlYS OFLX¥D® ¢KAA SaaSyidal
amounts of oxygen, which has the effect of charring the biomass, creating biochar.

The Kilnin figure 3.9s by Earthly Biochar and costs £697. It is-Er@5chamber and can produce 10 litres of
biochar per burn (hour). It heats up to 60Cand comes with a-gear warranty. It is a smaltale batch

process unit which is labour intensive It requires careful monitoring throughout. It also requires a dry biomass
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feedstock to prevent high levels of smoke and particulates. However, if done correctly, this can produce a
good quality biochar.

Another variation of that technology is open fire cone kiln. It is
once again on the lower tech side of things and is very labour
intensive. The kiln is stacked with wood and is lit from the top.
creates a strong up draft in the stacking wood chimney which p
in air at the side walls of the kiln. Once the surfaces become h
enough add the first charring layer of wood. From this then buil
the kiln up layeby-layer every time the surface of the wood or
biomass on the top layer starts to ash. As a result of the vortex
aeaidsSyzr avyz21Ss QI LRdINES YR
technology is a batch process and costs rougt®d@&2000.

Figure3.10 Open fire cone kiln

Batch Kilns

Batch kilns, like the Exeter Retort pictured here, are the next stgp
up from your basic open kilns. Also relatively cheap, generally \

are also classed as slow pyrolysis but are designed to optimise
process. In this case this is also mobile, with the whole process
mounted on a trailer making it particularly suitable for land
management of a wide mix of feedstocks. The Exeter Retort is &
twin-chambered unit consisting of an inner chamber where the
YFGSNRAFE Aa KSFIGSR FyR |y 2dz
kindling feedstock is placed to start the process@ifice ignited A ..w} oy
the whole unit is sealed and once the process has driven off the waggres.11 Exeter retort
from the feedstock, normally at around 3800 degrees, the process

starts to give off combustible syngas. This gas is then diverted back into the outer firebox chamber and the
process becomes autothermic meaning it continues to heat itself. The process-8kesr8 and, as with

the open kilns, is labour intensive as it requires manually loading/unloading and monitoring. It also needs to
be left to cool before it can be opened and emptied (normally overnight) making the whole procestag two
event. Failure to let the chamber cool sufficiently could lead it to-iguite when opened.
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These retorts are generally larger than the open kilns and can produce hundeds of gs of char per run. As
well as being fully mobile, other key benefits provided by some of these units are the ability to capture the
early gas from the process and condense this into another useful horticultural product, wood vinegar, which
has a range of applications ranging fromdtimulants to biopesticides for plant growth. Some retorts also

have the potential to capture both the excess heat and gas from the process. The price of the Exeter retort is
around £18000 and can be mounted to a trailer if required.

vt | =
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Figure3.12 Four seasons retort

Pictured here is the folgeasons RTD 1600 charcoal retort. This retort has a conversion rate of 4 tonnes of
wood feedstock to 1 tane of biochar. The labour intensity is high, but this can be reduced massively by using
cassettes. This retort costs £47500 and this comes with training and commissioning. This retort has a burn
time of approximately-80 hours.

The retort works by heating wood in an enclosed cylinder within and the recovering wood gas vapours are
given off during the process passing into the firebox and reactive the gases and retorts round the charge
drum. The retort requires wood to be cut into 30mm length. It states that one retort using cassettes would
produce 2502700kgs per 5 working day week and 16@0000kgs per working calendar.
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30,480 KGS.
61.200 LBS.
2,100 KGS.

30 LBS

46 ;
28.380  KGS.
62510 LBS.

Figure3.13 Four seasons wood dryer

With the four seasons retort, they also offer a compact wood dryer that will kiln dny dfavood and

operates at a temperature of between-86°C The dryer has 6 fans for maximum efficiency. To ensure heat
is not lost during the kiln drying process the kiln dryer is fully insulated (including the flooring which has 100
mm of insulation). This will give the option for Rhondda skyline to dry firewood to sell and create a separate
revenue stream. The cost of this dryer is,028.

Continuous Operation Kilns

Figure3.14 Carboflex kiln

The final style of pyrolysis technology is the continuous operation kiln. These are designed for industrial
purposes and the jump in cost is significant, into the hundreds of thousands of pounds. However, this is for
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good reason as the throughput and output of this style is significantly increased and more importantly
consistency and replicability are ensured for a product that can be certified.

These units are typically fully automated, with remote monitoring and control. They come fitted with
flameless oxidisers or afterburners which oxidises any potential harmful particulates at high temperatures.
These units will have a means to utilise the excess heat produced, whether it isltp pesv feedstock or,

as is the case of the plant pictured by Cdeboin Finland, to provide carbon negative district heating or
process heat for industry.

Feedstock data

The cell walls of plants are made up of 4 main components: cellulose, hemicellulose, lignin and pectin, and the
FNNF yaISYSyid 2F (KSasS 02YLRySyida RSGSN¥YAYS GKS LI} I
general terms, woody plant species have tightly bound fibres and are richer in lignin while herbaceous plants
have more loosely bound fibres, and a lower lignin content. For biochar production, a higher lignin content

(i.e. woody biomass) will result in a higher quality biochar.

The ReDirect project investigated a range of ubiquitous, underutilised biomass species from the European
partner countries as a feedstock for biochar (and activated carbon) production. Many of these feedstocks are
widespread on Welsh agricultural and common land and can pose considerable problems in terms of land
management for biodiversity, access, or amenity value.

Untreated biomass Carbon (%DM) Lignin (%DM) Ash (%DM)
Bracken 47.5 32 5.3
Rush Juncus effusiis 47 6.7 3.3
Moor grassNloliniasp.) 48 9 2.6
Rhododendron NA 19 3.0
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Roadside verge arisings 45 7 13
Japanese Knotweed, youn 47 13 7

Japanese Knotweed, old 44 23 13
Raspberrypruning 47 12 2.0
Fruit stones 54 42 0.8
Green cut 46 8.3 14
Natureconservation grass 49 6.8 4.5
Horse manure 45 19 11
Communal green cut 44 12.8 7.4
European Gorse 45 25 15

Table3.7 Chemical composition of the investigated untreated biomasses (DMViaDey).

The full list of biomass feedstock investigateab{e3.7) shows carbon content of all feedstocks to lie within

the range of 44% to 54%, with the highest value pertaining to fruit stones. Lignin content has a wider range of
values from 6.7% to 42%. The highest value again relates to fruit stones, which suggests these may produce
the best quality biochar. This data will be useful for the project by detailing the different properties of

biomass that they could potentially use; however, it will mainly be variations of hard and softwood we will be
looking at in this project.

Biochar production from R®irect feedstocks

During the ReDirect project, there were some changes to feedstocks supplied and therefore presented for
biochar production andnalysis. The results of the analysis, therefore, do not contain all biomass feedstocks
as shown in the previous section. The biochar produced was analysed for Carbon content, Ash content and
molar H/G.y. Pyrolyzed matter with carbon content above 60 % constitute a promising material and can be
classified as biochar. Pyrolyzed matter with carbon contents below 50 % are not classified as biochar, but as
Pyrogenic Carbonaceous Material (PCM), and offer limited benefits for biochar uses.

The ash content expresses the mineral content of the biomass and its pyrolyzed feedstock. Promising
materials show an ash content below 10 % DM. When using miigdr&edstocks such as animal manure,
the pyrolyzed products may contain more ash than carbon. This ash can still be valuable for fertiliser
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purposes, but does not have carbon sequestration value, and will have limited value for the benefits of
biochar.

The molar H/gqratio is an indicator of the degree of carbonisation and therefore of the biochar stability. The
ratio is one of the most important characterising features of biochar, as it represents 4tsrfoncarbon
sequestration function. Values can fluctuate depending on the biomass and production process used. Values
exceeding 0.7 are an indication of nonpyrolytic chars or pyrolysis deficiencies.

The results fromthe Re A NBE Ol LINE 2 S O (Tabke3.8pshotvOakhigidihlity Yidchad phollust was
obtained from the feedstocks where all results are shown in green. Of relevanceaeiné Green Grids
project, aregrasses and woody feedstockbese woody feedstocks, as expected, produced biochar with a
high carbon content, low ash content and low d#/@tio, and therefore offer the most benefit in terms of
carbon sequestration and the wide range of benefits as described above in biochar uses.

Other studies have investigated a broad range of wood (tree sp.) feedstock which have shown high quality
biochar production due to the high lignin content. Other feedstocks of value include Rush, Moor grass,
Rhododendron and Gorse; all of which mayramaged in the GGG ardgrackengrass and roadside verge
arisingsalthough showing higher ash fractmare also promising feedstoskand other studies have

reported successful biochar production and uses fitoem.

Communal green cut

\Woodchip

Biomass Carbon Ash molar H/Gy
Rush Juncus effusiis 74 9 0.4

Moor grassNloliniasp.) 73 5.2 0.46
Bracken 68 12 0.46
Rhododendron 74 4.2 0.47
European Gorse 80 5.2 0.38
Horticultural waste

\Wood chip particles

73

8.1

0.45
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Green cut

Conservation grass 54 0.61
Horse manure 54 11.5 0.64
Roadside verge arisings 57 -0.61
Knotweed, young 65 14.3 0.46
Knotweed, old 59 0.47
wl 3 LJ0 S NNE LINHzy A y[70 8.2 0.48

Key | (high quality

medium quality Ilow quality

Table3.8 Average concentration of carbon, ash and molar H/Corg ratio for biochar produced from biomass feedstock.

Of note is that a prreatment process to developed in the-Reect project to separate the liquid press fluid
from the grass feedstocks was successful in creating a dry press cake which created a higher quality biochar.

IFBB, first developed by the University of Kassel in Germany standlfdetrated Generation of Solel
andBiogas fromBiomass. Importantly this process allows for feedstocks such as grass arisings to produce
both biochar and a press fluid feedstock for AD. This press fluid has a potential value as compared to the
direct grass feedstock and can be easily transported and accommodated into wet AD processes.
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Research overviews

Having conducted detailed research overview the project has identified key industries suitable for
development of biochar products during the project. The following sections sets out an overview for a variety
2F 1S@ LRGSYyiGALFt dzaS&a F2N) . A20KI N !'a 2dzif AyYSR oe@
(Figure3.15) the potential uses for biochar are wide ranging with large scale application potential in industry,
agriculture, and construction as well as more specialised uses in water treatment, cosmetics, food and
medical supplements and even as a key component ibditeries.

Biogas

Agriculture H-I h Industry
o®
Livestock ” @ Sanitation

Food l !? Qn Cosmetics

Construction ﬁ % Medicine
A

High Tech

Figure3.15 EBI graphic of biochar application

Why biochar?

To gain an understanding of why biochar is so useful in so many different situations, it helps to think of it as a
very stable black sponge on the microscale. So, if you were to image it using microscopes, you would see
something like the picture here on the right. As you can see, it is full of pooks,and crannies. This in

effect means it has a large surface agday of certaird A 2 O&h Wz dhe same surface area as an entire
football field.

One key aspect is Biochar cation exchange capacity (CE$
a key property that is central to biochar environmental
applications that is based on charge interactions betweef
positive and negative charges. Samg 2 O KaleMI & :
capacity for anion exchange, allowing interactions betws
negative charged particles in the surrounding environme

These properties are what leads to the retention of soil
nutrients in soil amendment and removal of certain
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pollutants in watefiltration applications. It can bind to heavy metals for instance and immobilise them. In
fact, it can adsorb a wide variety of different substances.

Due to the thermal conversion process, biochar becomes extremely stable and will not degrade over time in
the same way in which the parent material would hdyedecomposition and microbial action for instance.

That means in effect the carbon is stored for a long amount of tmavhere between decades to hundreds

of years and potentially, beyond. And as a result, it can sequester carbon, assuming it is not coi8busted.

with that large porous surface area and its ability to hold onto moisture and retain nutrients, another way
biochar can be of interest to us is its ability to provide a habitat for mycorrhizal fungi and colonies of bacteria.
It has been described as a coral reef for soil life and it can help increase soil biodiversity which can have many
benefits ranging from nutrient cycling to disease resistance.

So pictured you can see a variety of extreme close ups of differerg2 Otkdt iNd2deen colonised by
different microbes and fungi.

Improve Soil
Conditions

Promote
Biological
ol Activities

Adsorb and Passivate
Increase Retention heavy metals and
of Water and Nutrients residues of pesticide

Figure3.16 Microbial habitats

Biochar can also aid in resistance to drought and can help improve a soils ability to retain water. Biochar can
also aid in the retention of nutrients. It can hold on to nutrients and prevent losses from leaching events,
perhaps aiding in increasing efficiencies of and fertilisers being applied, or in particular, preventing them from
being lost to water courses during high rainfall events.

These properties have been proven to improve the quality of construction materials such as concrete or
asphalt, act as a stabilising and absorbent material for animal health, decontamination of air, water and land.
The concept of utilising locally sourced, under used and marginalised biomass feedstocks reduce carbon
emissions from waste treatment and transportation, whilst the biochar itself often replaces finite, valuable
and or harmful materials all whilst improving the quality of theqmdlucts and reducing their carbon

outputs.

Most importantly and relevant to this project though is the long term and sustainable nature of carbon
sequestration provided by biochar, which locks away carbon drawn straight from the atmosphere by the
biomass during its growth and stores it in a stable, recalcitrant form with minimal decay over centuries, all at a
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relative low cost. It is this use which gives biochar its greatest potential value as we tackle the challenge to
bring down global emissions and remove existing carbon from the atmosphere in a sustainable fashion.

Biomass feedstock characteristics
ly 2NRSNJ (G2 dzy RSNEROFYR 6Keé RAFFSNBYyld o0A20KINR&a YA
biomass or lignocellulosic biomass is largely comprised of 3 main types of carbon cameztieriiads

1 Cellulose The most abundant organic polymer on earth. Its structure is largely crystalline and simply
structured

1 Hemicellulose Contains random branched structures and is more complex than cellulose

9 Lignin The most complex in structure, an organic polymer which forms the key structural
components of support tissues in plants and is found in cell walls or in wood bark

Different parts of a plant will have variable amounts of these 3 components.

Feedstock#——|
Plant Cell 4 /
1. v Q‘ /
Cell Wall #——————————— : 3 W

Macrofibril #——
Microfibril
Lignin #=———
Cellulose =—
Hemicellulose #=—

Figure3.17 Plant cellular structurg32]

When they are converted into biochar, the hard carbon structure that is left behind by the process will be
determined by the makep of the plant biomass on a cellular level.

¢tKS ySEG aSOiArzya KAIKEAIKEG GKS RAFTFSNBYOS FTNRY o
produced as a result.
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Potential applications

Biochar in agriculture

Along with the horticulture industry, agriculture is the main industry use of biochar. In fact, in 2018

agriculture accounted for 71.1% of the total biochar demand. And in Europe 90% of biochar produced is used
in livestock farming33]. Biochar is mainly used in either agricultural applications suzos fertiliser, and

bedding, or it is used in livestock farming. Biochar helps to enhance water and fertilizer holding capacity and
AYLINR@Sa (GKS a2AftQa oA2t23A0It LINRRdzOG A B4].Bidckar 6 KA O
is a very porous material and therefore has incredible adsorbent potential. Biochar captures nitrogen which
stops it from being lost to ammonia volatilization. This ammonia can create unpleasant smells as it volatilizes.
Therefore, if retained the N is still useful for fertiliser.

It has been proven that broilers raised on biochar treated litter had better health, performance, and higher
productivity[35].In terms of fertilizers the quality and nutrient status of biochar from feedstocks of animal
origin such as poultry litter, cow manure, and sewage sludge are higher than biochar made from plants or
crop residues which highlights how choice of feedstock along with specific production parameters such as
temperature can affects the quality and physid@mical properties of the biochig6].

Figure3.18 Biochar blended cattle feed

Studies shown that feeding 1:d00g of high temperature wood biochar (700°C) to livestock specifically cows
can bind mycotoxins which result in higher feed intake and improved digestibility which reduces the amount
of methane released, which we all know is 30 times more effective at trapping heat and effecting greenhouse
gases. Feeding biochar to livestock showed improvement of meat quality and significant reduction in
veterinary costs. Also, a reduction in feet diseases due to odour and moisture being adsorbed through biochar
litter. Emissions from ruminants account for 81% of total GHG emissions from livestoc[33¢dtds done

through flatulence and burping. This is produced through rumen microbial methanogenesis. The production
of methane means a significant loss of energy for the animal (from 2% to 12% of the total energj38jlake;

as the higkenergy methane cannot be digested any further and has to be eliminated almost entirely through
eructation[39]. The use of biochar as a feed additive has the potential to improve animal gut health thus
reducing greenhouse gas emissions and Improve animal husbandry.

Key challenge with current agfarming systems is to enhance crop yield in more sustainable and
environmentally friendly manner. Chemical fertilizers do increase crop yield but also risk the sustainability of
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the environmen{40]. Post green revolution agricultural practices enhance their dependency on organic
fertilizer to secure higher crop yield. Biochar has comprehensive environmental use due to its idiosyncratic
properties, e.g., large surface area, microporosity, higher adsorption capacity and ion exchange capacity
These properties have substantial consequences to its competency and potency in sustainability of the
environment. The transformation of feedstock into biochar is a cankegative technique and sequesters
carbon[41].This not only reduces the problems of waste disposal of agricultural residues lubgides a

viable and frugal method of waste transformation into valdded products. Due to its exceptional surface
characteristics, biochar shows remarkable efficacy in reducing contaminants such as antibiotics, herbicides,
dyes, pesticides, and heavy metals and plays a key role in alleviating global climate change. Biochar is thus a
promising way to return lost C into the soil.

Biochar in poultry

Orf all the publications on biochar in agriculture, the majority have focussed on its use with poultry. One of

most frequently cited studies42]6 K2 FSR (62 RAFTFSNBY(G 0A20KINRAX 2V
canary tree seeds to broiler chickens at different concentration&0%JSNJ {3 FSSR® CSSRAy 3
to 0.6% led to greater weight gain. The study is an important indication that biochar derived from non woody
oOA2Ylaa YlLe 0S adaAAaidlrofS F2NJ FSSRAy3ad Ly | £ GSN a
chickens can, thanks to the biochar supplement, be fed with 20% chickpeas, a feed that isighdbein

generally difficult for chickens to digest. Surprisingly, when thei@sbiochar from corncobs was added, the

boiled chickpeas could be fed and provided the same weight gain in the broilers as the control without
chickpea$43]. Many studies have shown that by feeding hardwood biochar or other forms of biochar to
chickens it leads to higher weight gain, an increase in the quality of meat and strength of eggshells. While
importantly for farming production, trials have shown that feeding biochar to chickens can lead to an increase
of 5% in egg productidd4].

Additionally, by using biochar not only is there an increase in egg production, but the collagen content of the
eggs is also increased by 33% with bamboo biochar. Collagen increases the shelf life of eggs which means foo
can last longer which could lead to a reduction in food waste in supermpt&gtBiochar as a bedding is

another interesting aspect. It can be used as bedding in barns as it does a good job of reducing ammonia and
other odours in poultry houses. Biochar is very effective at capturing nitrogen (N) that is otherwise lost to
ammonia volatilization due to its porous structure making it perfect to absorbent. Ammonia creates
unpleasant odours in the barn and harms the respiratory health of creatures who breath it. Along with odour
and ammonia reduction, biochar leads to fewer flies and pathogens, for improved animal health. Maintaining
litter moisture content between 20 and 30% in modern commercial broiler houses is a critical component of
house management and important to realizing flock production potential. Elevated litter moisture levels can
lead to higher incidences of footpad dermatitisgjland increased ammonia generation that is detrimental

to the bird performance and healthq#0]. Biochar as a litter amendment can improve litter quality through
increased water absorption
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Biochar in horticulture

Hydroponics is becoming more popular in the horticulture world as it offers several benefits such as improved
yield and goodjuality products, precise nutrient and disease management, short cultivation times, and safe
food and growth environmen{d6]. But a problem with using substrates is the recirculatiGoloftion

provides favourable conditions for algal growth. This is a problem as it influences the water supply system and
nutrient uptake by plants leading to a reduction in crop \j#&ldl Further, the odour and appearance of crops
grown in a hydroponics system containing algae might reduce their value of product, and such algae may also
secrete toxins that are harmful to human heg#tB]. Nevertheless, studies have shown by using biochar in
hydroponics it increases plant growth by improving the physiochemical and biological properties of soil and
retains soil fertility and it also inhibits algal growth in hydroponics contafks®char is a stable and highly
resistant to microbiallegradation, it is effective as a growth substrate for hydroponics.

The findings suggest that using biochar as a hydroponic substrate, it is effective in improving yield of leafy
veggies, up-2old. The adsorption capacity, porous structure, and surface area of biochar likely increased
nutrient availability to plants and inhibited algal growth in the nutrient solution, thereby improving water
guality and enhancing vegetable growth in the hydroponics systems.

Biochar in growing media

CAYRAY3I KAIK ljdzaatAadGezr 26 02ad I'yYyR SY@ANRBYYSydlfft
biggest challenges. Growing media are defined as all solid materials, other ththatsalibne or in mixtures

can provide superior conditions for plant growth (for one or more aspects) compared to agricultural soil
(Gruda et al., 2013). The growing medium must satisfy several main functions, including physically supporting
the plant and supplying its roots with nutrients, air, and water. Media such as peat moss and aggregates like
perlite and vermiculite are used. But due to decreasing availability, increasing environmental concerns, and
the rising cost of horticultural substrates (particularly those made from peat and aggregates), several
renewable alternatives like biochar are beginning to be adopted. A life cycle analysis on horticulture GM show
nearly all constituents have a negative environmental impact (Schmilewski, 2014). The media with the highest
negative impact is coir pith due to long transportation distances from Asia and media with green compost
because of processing gas emissions.

Adding biochar to GM can result in several benefits in terms of substrate quality. Biochar generally has a high
CEC and a high nutrient holding capacity, thereby reducing nutrient leaching. Biochar can also be considered
as a source of nutrients. In general, biochar has a low bulk density and when incorporated in GM helps to
reduce the risk of substrate compaction and related problems. the incorporation-téxtiueed biochar in

GM promotes water retention properties (Bolan, 2016). This property of biochar would be particularly useful
in green roofs & hanging basket substrates in which reduced irrigation frequency and controlled nutrient
release are desirable. Economically, biochar has a greater potential to replace aggregates than peat in GM
mainly due to the high cost of these aggregates compared with peat. This highlights another potential market
for this project and shows the diverse properties of biochar and the environmental benefits over other GM
such as peat.

Biochar as soil and compost additive
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compost additive to increase the
composting rate. A combination of
35% spent mushroom compost with
20% biochar has been shown to
reduce the composting time to 24
days compared to the more typical
90¢270 days (Zhang and Sun, 2014).

BENEFITS OURSOILS TESTIMONIALS ABOUTUS FINDUS TRIAL CONTACT

The large porosity of biochar can alsd ©
facilitate microbial grthh in the living soil| biochar & nutrient enriched |indoor production
compost pile and therefore accelerate QU ot i s a1 M o

nutrient recycling.

Biochar has been found to be a beneficial additive during composting due to the high porosity and low density
of biochar leads to improved composting aeration, thus enhancing microbial activities and the humification
process. The high sorption capacity of biochar can reduce the loss of N from the compost while another study
stated that biochar can immobilize heavy metals and organic pollutants during the composting process. As
well as that, biochar addition to composting can reduce greenhouse gas emissions (Wang et al., 2018).

Meanwhile, many investigations focus on various agronomic benefits of biochar when used as soil
amendments. Application of biochar to soils has been shown to enhance soil properties and plant growth,
improve soil fertility and sequester carbon, increase crop yield, and alleviate plant stresses, including those
induced by drought and salinity. It can also remediate organic polctataminated soils. Furthermore, it

has been demonstrated that combined application of biochar and compost to soils can enhance both their
agronomic values and reduce nutrient losses maximumly, which can be a potential alternative to N fertilizer
(Kammann et al., 2015). Moreover, biochar addition to compost also accelerates organic matter degradation,
reduces the time taken to enter the thermophilic phase, and increases composting temperature, therefore
improves composting efficiency and humification process. Based on the above studies, it can be concluded
that biochar addition plays an important role in composting acceleration and compost quality enhancement,
and more nutrients are retained in the compost following the biochar addition. Porous structure of biochar
can decrease the pile density and adjust the particle size, thereby improving the pile structure and aeration.
Therefore, biochar is a good additive candidate for composting. Biochar can change the pH of soils, high pH
biochar is best for application to acidic soil, whereas weakly alkaline biochar is recommended for application
to alkaline soil to lower the pH. Composting and biochar production are both efficient ways to dispose of
organic waste, and the combination of them both results in a high-adlded strategy when applied to soils.
This use bares encouragement as partnerships could be sought with large scale compost producers local to
plant sites but also to community composting schemes connected to smatientialised locations.

Biochar in construction

Until now, the main use of biochar has been in agriculture and horticulture because it has been demonstrated
that it improves the biological and physical properties of the soil. However, a promising and innovative
application of biochar is in construction. As biochar is generally considered a cost effective, sustainable, and
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ecofriendly material it is now being used in different aspects of construction. Building and construction are
responsible for 39% of all carbon emissions in the world (Global Status Report 2017). Therefore, reducing the
number of carbon emissions by using sustainable materials could have a significant reduction.

As a result, many studies have examined the possibility of using biochar in various formats in building and
construction. Firstly, cement production is a major source of CO2 emission. Due to biochar having low thermal
conductivity, chemical stability, and carbon sequestration properties, it is an ideal replacement for cement
replacement in building materials. Data shows that biochar content around 2% is shown to contribute to the
improvements of mechanical properties of cement (Maljaee, H et al, 2021).

Brick - 220 X 100 X 60

Cement - Biochar [70-30] Embodied CO2_-398 g
Waight_ + 0.86 kg
Strength_ 26 Mpa
Cost_ 03 €

Cement - Biochar [60-40) Embodied CO2_-310g
Weight_+ 0.90 kg
Strength_ 39.7 Mps
Cost_ .06 €

Cement - Biochar [S0-50) Embodied COZ_+ 58 ¢
Weight_+ 1.04 kg
Strength_ 56.6 Mpa
Cost_ 09 €

Conventional Clay Brick Embodied CO2_+ 3429
Weight_+ 2.4 kg
Strength_ 14 Mpa
Cost_.34€

Figure 9 - Biochar brick comparisons

CAIdzNBE XX FNBY GKS /Lad Ay /I Nb2y LINR2SOG RSY2yail
with 70% biochar which is cheaper, stronger and significantly lighter than a conventional clay brick whilst
sequestering just under 0.4kg of CO2 per brick in direct comparison to a conventional brick emitting over
0.3kg of CO2 per brick.

Further research has also explored biochar being used as a filler inside cement paste and mortar composites
and as substitute for cement powder in mixes. This research highlighted that biochar is sufficient to increase
the strength and toughness of cement and mortar composites by replacing the cement in the mixture, it can
still maintain the mechanical properties (Suarez & Restuccia, 2020). Another good property of biochar is its
carbon sequestration properties. Because of this biochar has been used in wall plaster and pellets to fill
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cavities for interior nosstructural wall panels. It increased the net carbon dioxide adsorption capability by
more than four times (Kua et al, 2017).

wSaSlkNOK KFa KAIKEAIKGSR 0A20KINRa dzasS G2 LINRRdAzOS
and ecefriendly mineral binders. Three different crops wissted, miscanthus, wheat straw and short

rotation coppice. The research concluded that biochar from all three crops can be valorised to produce
geopolymer materials (Farges, R, et al, 2018).

Biochar is already being widely championed for use in horticulture and agriculture and we predict future

trends could lead to the market being saturated. Therefore, we think utilising biochar in construction will be
better suited as higher quantities of biochar can be used which will help the industry to sequester more
carbon, however, the cost of biochar will be significantly less. Additionally, the EU have signed off on a biochar
land application regulation which states the quantity of biochar that can be applied to land and how often this
can be done, which gives another reason to pursue biochar uses in construction.

Biochar uses in asphalt

Asphalt is a mixture of aggregates, binder, and filler, used for constructing and maintaining roads, parking
areas, railway tracks, ports, airport runways, bicycle lanes, sidewalks, armhglagort areas. Aggregates

used for asphalt mixtures could be crushed rock, sand, gravel, or slags. Nowadays, certain waste and by
products, such as construction and demolitio
debris, are being used as aggregates, which

increases the sustainability of asphalt. To bind
the aggregates into a cohesive mixturea
binder is used. Most commonly, bitumen is
used as a binder, although nowadays, a series
of bio-based binders are also under
development with the aim of minimising the
environmental impact of the roads (EAPA,
2021)

Recently there is more of an impetus on converting organic matter into biofuels. Biochar is considered
suitable to be used as an asphalt binder modifier due to its carbon nature and morphology. Studies conducted
on switchgrass biochar found that biochar could reduce the temperature susceptibility and significantly
increase the rutting resistance. Rutting refers to the permanent deformation of the asphalt surface that
accumulates in the wheel paths because of repeated traffic loading (P1,2021). Testing results comparing
biochar with commercially activated carbon showed that biochar appears to be a more effective binder
modifier with addition of 10wt.% (Zhao, S, et al 2014)

Volatile organic compounds (VOCSs) are known to be toxic and carcinogenic (Hangfu et al., 2020), and
therefore the VOCs emission from asphalt can cause serious health and environmental issues (Sanchez
Monedero et al., 2019). It is worth mentioning that carbon emission produced by asphalt combustion reached
to 3.5 million tons in 2018 (Han et al., 2019). Therefore, the VOCs removal from asphalt has become a popular
G2LIAO Ay NBOSyid eSINaA® ! &addzRe Ay@SadaAalridAay3a GKS
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and straw on removing the VOCs emission from asphalt. The results showed that biochar could remove
alkanes, polycyclic aromatic hydrocarbons (PAHSs) and sulphide compounds because of its intrinsic carbon
negativity and porosity. Waste wobdsed biochar had the best adsorption performance at a temperature of
500 degrees Celsius due to its amorphous carbon, graphite, and porous structure. Biochar has great potential
to be used as VOCs inhibitors (Zhou, X, et al 2020).

Biochar uses in plaster and insulation

Biochar based building materials offers the possibility of carbon negative construction. The first example of
this in practice was built in 2013 at the Ithaka institute in Switzerland. The Ithaka institute is an international
opensource network for carbon strategies specialising in biochar with its headquarters located in

{6AGT SNIFTYR® ¢g2 2F 0A20KINDa 1Se& LINRPLISNIASaE | NB
to 5 times its weight. These properties mean that biochar is just the right material for insulating buildings and
regulating humidity. In combination with clay, but also with lime and cement mortar, biochar can be used as
an additive for plaster or for bricks and concrete elements at a ratio of up to 80%. This blending creates inside
walls with excellent insulation and breathing properties, able to maintain humidity levels in a rooq at 45
70% in both summer and winter. Not only does this prevent the air inside the rooms from becoming too dry
which is a potential cause of respiratory problems and allergies, but it also prevents condensation from
forming around thermal bridges and on outside walls which could lead to the formation of mould.

Biocharclay plasters adsorb smells and toxins, a welcome property in kitchens and for smokers. Alongside
their use in housing, biochanud plasters are particularly wsllited for warehouses, factories, and

agricultural buildings as well as in schools, universities, hospitals, and other buildings frequented by many
LJIS2L) S® LYLINRPOSR AYR22NJ OftAYF{SsE A4 OFy 06S Faadzy$S
welcome property in meeting rooms, libraries, offices, and classrooms. In addition, biochar is a very efficient
absorber of electromagnetic radiation resulting from the use of both wireless technology and electricity.

C A 3 dzNIBakidsitute demonstrates biochar in practice as plaster on the walls

By using biochapased insulation material, houses can become verytimng carbon sinks, while at the

same time providing healthier indoor climate. And should such a house be demolished later, theckagchar

or biocharlime plaster can be directly used as a compost supplement, thus continuing the carbon cycle in a
natural way. Biochar plaster can be applied to walls of a building using standard plaster spraying or rendering
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equipment. Applied at a thickness of up to 20 cm, it can be a substitute for Styrofoam insulation. According to
Hans Peter Schmidt, a true pioneer of biochar, that biochar representsta-one ratio of CO2 emissions
reduction. For each ton of biochar employed in buildings, one ton of CO2 is kept out of the atmosphere

Sustainability of Biochar

Affordable Negative Emission Technologies (NETS), that actively remove CO2 from the atmosphere are rapidly
required to produce large scale quantities of Carbon SinBsW. Many of these require large upfront

investment or technology creation/development beyond our current capabilities. There are however three
accepted methods which could be rolled out in the short and medium term in order to kick off this rapid

scaling.

Biochar/Pyrogenic carbon capture and storage (PYCCS), afforestation/reforestation and Soil Organic Matter
(SOM) build up are all cost effective methods with the capability to provide high voiimiesC

CAIdINBE Xodd . St2¢4> Aa | GlroftS LINPRdAdzOSR o6& GKS 9dzNP
whitepaper; Biochabased carbon sinks to mitigate climate change

Afforestation, C-centered ‘ Biochar/ Built-up of
E BI ‘ > forestry, material use of PyCCS Soil Organic Matter (SOM)
wood/biomass

Main/Co-Benefits
Ecological risks and
negative side effects
Carbon efficiency
for use of biomass

Availability and scalability

Use of other ressources

C A 3 dzN&fordaldedNegative Emission Technologies (NETS)

2 KSy O2yaARSNARYy3d GKS &ddzadlAylroAfAide 27F 2%aN] LIN22SO
potential there are some key aspects to take into account:

wDiversificationDue to the scales of&inks required it is prudent to actively develop and promote a variety
2T bo9¢Qad 91 OK b9¢ KIFa RAFFSNAYI GAYSTFNIYSa FyR
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systems which can support and integrate with one another minimises the risk. This is even more important
when considering the upredictable nature of the future climate, economic and technologic position.

wGSink potential/scalabilityThe scale of the climate emergency means that rapid scalability is of paramount
importance in order to help achieve the estimated requirements-& Gt CO2 per year by 2050. (IPCC
1.5°#4, 2018).

wModularity. Similar to the technology solutions scalability is its modularity which allows for technology to be
adaptable and deployable at small, medium and large scales by simply utilising additional modules rather than
different technologies.

wFeasibility and deployment readine$®e immediacy of the climate emergency means we cannot simply
wait for future technologies to be viable. Immediate solutions which have been shown to be feasible and
deployable are required immediately.

wLocal adaptabilityDespite the global nature of the climate emergency local solutions are required that can
be deployed and maintained to suit individual locations geography, climategsociomic and political
situations. By doing this it will also safe guard against fluctuations in these situations on a global scale.

wCarborefficient use of biomass and cascading uB&smass is a valuable resource which fluctuates in value
and availability and also requires substantial land availability. The traditional school of thought is that you
either combust biomass for energy or utilise it for sequestration however Pyrolysis allows for a combination of
these factors. Carbon content is key and finding a carbon efficient process which stores enough carbon post
pyrolysis whilst still creating a beneficial quantity of energy.

wProtection of ecosystem§Ve must be considerate of the need to safeguard biodiversity, natural habitats

YR KSIFfike SO2aeaidsSvya ¢KSy RSairAayAy3d (GKSasS boc¢cQa
not provide a healthy balance and will negatively impact these other elements which in the long term will
negate the sustainability of theSink.

wCosts and added valu@/hen considering the cost of theSthk development it is important to consider all

of the added value provided by the process in order to accurately cost the price of sequestration. Cost of
bo9¢Qa I NBE AYONBRAOEE OINASRZ IyR GKSANI I RRSR @I f dz
complex than just cost per tonne of carbon sequestered.
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4 Planning, permitting and regulation

4.1 Planning

Requirements for planning can often be off putting, particularly for any projects aimed at tackling new,
marginal, or waste biomass streams. However, taking advantage of existing infrastructure in the locality can
avoid or mitigate such concerns. In these cases, no planning or potentially simpler planning variations or
additional applications on an existing processing site may be required, all of which are less challenging and
prone to denial that new applications. It is also of note that small scale, mobile, batch pyrolysis systems will
likely not require any planning or permitting as their scale falls within permitted activities.

The development of any processing plant such as Anaerobic digestion or large continuous feed Pyrolysis
requires both planning permission from the local authority and an environmental permit from either the local
authority of the relevant environment agency (EA for England or NRW for Wales).

The key considerations for determining the planning application will be national planning policy, the local
development plan and the principle of development, siting, design and impact on the landscape, highways,
heritage, amenity (odour and noise), landscaping, biodiversity, drainage and agricultural/business
need.

Planning for any development of this nature can be challenging due to the public perception of the
technology. AD does not normally suffer too greatly from negative perception, but plant development
applications often receive complaints about odour and due to the explosions at an AD facility on a water
treatment facility in 2022 there are added public challenges at the moment. As for Pyrolysis, this is a relatively
unknown technology and could easily be mistaken for an incineration plant by the public when an application
is made. Generally speaking, incineration plants tend to attract a string public response and for this reason
any planning application needs to have a+pklhned information and community engagement campaign to
accompany it. Despite these challenges with this simple mitigation is not expected an application for
development of either technology would face any insurmountable hurdles.

The planning process varies from authority to authority, but the following is a rough timeline of the required
actions to achieve planning for such developments:

Action Notes Time

Pre-Planning application A service offered by most authorities. Provides and| 1 week
early opportunity for guidance and feedback. Allows
for an informed decision about progressing to a full
planningapplication.

Environmental risk assessment | Site specific requirements if needédkey aspect of | 2 weeks
planning and permit applications.
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Flood risk and drainage study

Air quality study

Noise study

Transport study

Asbestos study

Ground contamination report

Full planning application

DNO application

LA Decision

Broadly speaking the studies required to inform planning canancurrently however some will inform one
another and all will potentially inform the technical design and site layouts required for the application. In
total it is wise to factor in 6 months for a planning application process with additional time should planning be

War
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Site dependant but most likely required 2 weeks

Site and location specificoften includes dispersion | 2 weeks
modelling which informs key information such as a
height.

Site and equipment specific 2 weeks

Based on design and specification of development,| 2 weeks
issue foplanning and with community is often

additional movement of traffic, particularly large

vehicles such as lorries and tractors.

Site dependant (prexisting buildings) 2 weeks

Site dependant, unless the site is on an existing 2 weeks
industrial site or large concrete pad this is often
required.

Application to include study results as identified as \ 2 weeks
as detailed RIBA stage 4 design and site drawings.

Required if electricity is to be exported to the Grid. | 2 weeks

Additional time to be factored in for any appeal 12 weeks
process should planning be unsuccessful.

unsuccessful and an appeal is required.

4.2 Permitting

The development and operation of AD or pyrolysis plants in England & Wales is regulated by the EA & NRW
respectively through the Environmental Permitting Regulations. Other than small scale pyrolysis both
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processes will require either a Standard Rules or Bespoke Environmental Permit. Most pyrolysis applications
will be bespoke, due to the lack of precedent in most areas with only a handful of existing sites in the UK.

The site, locations and proposal all impact the classification of the application.

The requirement for a bespoke application should not be considered a barrier to development. There are
however increased costs and more detailed application requirements in order to assure the regulators of the
plants technical and managements capabilities to prevent aacoeptable level of risk to the environment.

It is worth noting that small pyrolysis installations can either be categorised undeskaxemptions or

under the small plant industrial emissions directive (IED) which would require no permit or and IED permit
from the local authority respectively. In addition, any pyrolysis plant developed under an R&D pilot project
would be entirely exempt from permitting under existing regulations up until commercial operation at which
point the relevant permit would be required.

4.3 Regulation

In addition to the operation of such sites the regulations governing the sources and use of the site feedstocks
are key as these also have implications on the end use of the products produced.

Waste classification of roadside verge arisings as well as other feedstocks of interest to this report is
conducted by using the Classification and Assessment guiédasseed jointly by EA, NRW, SEPA and NIEA.
Arguments can be made that some will not be classed as a waste at all but for ease of development we are
assuming all would be a waste and will need classifying under the guidance. Key is the want for feedstocks to
fall into category 2; Absolute ndrazardous (AN). If a waste is given a AN code, then no further assessment of
that waste is required at this stage unless the user believes that the waste may display hazardous properties.
In this case the onus is on the user to carry out assessments of the waste contaminants.

c2ft26Ay3a GUKS FdzARFYyOS ¢l aisS O2RSa KI@gS 0SSy laar

Feedstock Waste category Code

Green garden waste Municipal wastes; garden and park wastes 2002 01 AN
biodegradable waste

Gras<uttings (domestic | Municipal wastes; garden and park wastes 2002 01 AN
and LA) biodegradable waste
Forestry woodchip Wastes from agriculture, horticulture, aquaculture, | 02 01 07 AN

forestry, hunting and fishingvastes from forestry

Rhododendron Wastes from agriculture, horticulture, aquaculture, | 02 01 07 AN
forestry, hunting and fishingvastes from forestry

59



L2

GWENT s
. GWENT e - Llywodraeth Cymru

Welsh Government

Wastes from agriculture, horticulture, aquaculture, | 02 01 03 AN
forestry, hunting and fishingplanttissue waste

Bracken Wastes fromagriculture, horticulture, aquaculture, | 02 01 03 AN
forestry, hunting and fishingplanttissue waste

Gorse Wastes from agriculture, horticulture, aquaculture, | 02 01 03 AN
forestry, hunting and fishingplanttissue waste

Fruit plants such as Wastes from agriculture, horticulture, aquaculture, | 02 01 03 AN
raspberry canes forestry, hunting and fishingplanttissue waste
Rush Wastes from agriculture, horticulture, aquaculture, | 02 01 03 AN

forestry, hunting and fishingplanttissue waste

Nature conservation Wastes from agriculture, horticulture, aquaculture, | 02 01 03 AN

grass/hay forestry, hunting and fishingplanttissue waste 2002 01 AN

Municipal wastes; garden and park wastes
biodegradable waste

Fruit stones wastes from fruityegetables, cereals, edible oils, 02 03 04 AN
cocoa, coffee, tea and tobacco preparation and
processing materials unsuitable for consumption or
processing

Roadside verge cuttings| Municipal wastes; garden and park wastes 2002 01 AN

biodegradable waste 20 03 99 AN*

Other municipal wastesmunicipal wastes not
otherwise specified

* NRW have suggested in initial discussions that Roadside verge horizons would fall into the Municipal waste
category along with bidegradable garden and park waste however this goes against the advice from the EA
to the Lincolnshire Councils Sustain project.

¢ I o0 fcRelévant feedstocks & there waste classification codes

Of the exemptions under the Low Risk Waste Guidance, the ones of relevance are LRWP 60 & 61. These
dictate the permissible waste feedstocks that can be stored and treated to produce biochar without an
environmental waste permit and the amount of biochar that can be stored and spread to land without a
permit. They stipulate an application rate of up to 1 tonne per hectare annually with a 10 tonne storage limit.
The exemption must be registered but that is the only stipulation. It should be noted that waste regulations
must still be adhered to when it comes to transporting the waste product even if the exemption applies to its
use.
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End of waste

There are two key uses of waste which are of relevance as defined in Article 3(15) & (17) of the WFD:

1) Recoverya X y& 2LISNI GA2Y GKS LINAYOALI t NBadzZ G 2F 4¢
replacing othematerials which would otherwise have been used to fulfil a particular function, or
graidsS o0SAy3a LINBLI NBR (G2 Fdzf FAE (GKFG FdzyOlAzy:

2) Recyclingd ®@d®d | ye& NBO2@PSNE 2LISNI GA2Y o0& GKAOK gl ai!
materials or substances whether for the original or other purposes. It includes the reprocessing of
organic material but does not include energy recovery and the reprocessing into materials that are to
0S dzaSR a FdzSfta 2N F2NJ ol O1FAfEtAyd 2LISNI GA2ya

Under Article 6(1) and (2) of the WFD there are 4 criteria a product must meet to qualify for and end of waste
status. They are:

(a) The substance or object is commonly used for specific purposes;
(b) A market or demand exists for such a substance or object;

(c) The substance or object fulfils the technical requirements for the specific purposes and meets the existing
legislation and standards applicable to products; and

(d) The use of the substance or object will not lead to overall adesvé®nmental or human health

impacts.

¢CKSNBE NB ydzYSNRdzA ljdzr t AG@ LINRG2O2(t Qawasiediodug.dzi G 2
The process is specific to the output product, not the input feedstock or the method of production. There is
no existing protocol for the production of biochar although work is ongoing with regulators to create one.
Where there is no protocol an end of waste test must be conducted. The Court of Appeal OSS end of waste
test generally represents all the case law requirements for the end of waste test.

This test assesses whether:
1 the waste has been converted into a distinct and marketable product, this means:

U the waste has been turned into a completely new product, for example a playground surface is
produced from waste tyres

U the new product is different from the original waste (minor changes to its composition may not be
sufficient), for example non packaging plastic recycled material is processed to make new plastic
products

i there is a genuine market for the material so it will definitely be gded A G Q& &a02NBR Ay
little prospect for use the material remains waste

1 the processed substance can be used in exactly the same way asvasten

1 the processed substance can be stored and used with no worse environmental effects when
compared to the material it is intended to replace
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Existing protocols of relevance are for Compost and anaerobic digestate.

Both of these detail the feedstocks which can be used to achieve\aaste product as defined by the LoW
codes of which all of those included in the table above qualify.

Compost production is regulated and accredited by PAS100 with digestate production by PAS110.
The guidelines state that generally the protocols must:

1 ensure the product made from waste does not pose an unacceptable risk to human health or the
environment

T increase market confidence in the quality of products made from waste and their potential value
1 encourage greater waste recycling and recovery
Biochar quality

Under the exemptions specified by LRWP 60 & 61 and wider EA regulation there is limited quality

NBIljdANBYSyGa 2y o0A20KFNJ aLINBIR (42 fFyR Fa asSa 2dz

Limits for quality biochar

PAHS Dioxins/

As Cd Cr Cu Pb Hg Mn Mo  Ni Se Zn (sum of furans PCBs
USEPA16)
mg/k: nglk mglkg
9 9 1-TEQ

Maximum limit suggested
for high grade quality 10 3 15 40 60 1 3,500 10 10 5 150 <20 <20 <0.5
biochar )
Maximum limit suggeshgd Limits set by
for standard grade quality 100 39 100 1,500 500 17 o iators 75 600 100 2,800 <20 <20 <0.5
biochar €9
Notes: Source: Shackley et al. (2013)

TEQ = toxic equivalence
¢ I 6 f Qimid$ dxdyuality biochar

However, work is ongoing with regulators to update this and a fair estimation of the route they are going can
be seen in the EU with amendment to Annexes Il, Ill and IV of Regulation (EU) 2019/1009 are coming into
force in summer 2022. These amendments specifically tackle the addition of pyrolysis or gasification materials
as a component material category in EU fertilising products. These use more stringent quality standards as set
out by the European Biochar Certification scheme, one of the leading certification schemes which bring added
value to the product and also link in to carbon trading platform Puro with a carbon sequestration verification
scheme running in tandem which again brings qualigssurance and added value via the ability to sell

carbon credits.

St2¢3s GFotS XX asSta 2dzi GKS YvYz2ad NBOSyd 9./ adly
use application.
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. EBC-
EBC Certification Class EBC-FeedPlus EBC-Feed EBC-AgroOrganic  |EBC-Agro EBC-Urban __ |eBC-BasicMaterials
ConsumerMaterials
Elemental analysis Declaration of Ctot, Corg, H, N, O, §, ash
H / Corg | <0.4 | <07
Physical parameters Water content, dry matter (as received and @ < 3mm particle size), bulk density (DM), WHC, pH, salt content, electrical conductivity of the solid biochar
TGA Needs to be presented for the first production batch of a pyroylsis unit
Nutrients Declaration of N, P, K, Mg, Ca, Fe
Heavy metals Pb 10gt'(B8%0M| 10 gt (B8%DM) 45gt' DM 120 gt' DM 120 gt’ DM 120gt' DM
. . . §
cd 0.8gt'(B8% DM)| 0.8 gt' (88% DM) 0.7gt' DM 1,5gt"' DM 1,5gt' DM 1,5gt' DM H
£
Cu 70 gt'DM 70 gt'DM 70 gt'DM 100 gt' DM 100 gt’ DM 100 gt' DM &
R
Ni 35gt' DM 25gt' DM 25gt' DM 50gt' DM 50gt' DM s0gt’ DM 2
G
g
Hg 0.1gt' (88%DM)| 0.1 gt' (88% DM) 0.4gt' DM 1gt'DM 1gt' DM 1gt'DM §
2
Zn 200gt' DM 200 gt' DM 200 gt' DM 400 gt' DM 400 gt' DM 400 gt' DM g
g
Cr 70gt' DM 70gt' DM 70gt' DM 90 gt' DM 90gt' DM 90gt’ DM g
As 2gt'(88%DOM| 2gt' (88%DM) 13gt' DM 13gt' DM 13gt' DM 13gt'DM
Organic contaminents | 16 EPA PAH 6£2.4 gt' DM| CSkdeclaration 6£2.4gt' DM|  6.0+2.4 gt' DM| CSldedlaration CSl-declaration CSl-declaration
8 EFSA PAH 1.0gt' DM 4gt' DM
benzole lpyrene
benzoljifluoran- < 1.0 gt' DM for each of both substances
thene
T - 1 o 1
PCB. PCDD/F See chapter 10 Once per pyrolysis um_t for the first production batch. For PCB: 0.2 mg kg' DM, for PCDD/F: 20 ng kg
‘ (-TEQ OMS), respectively

Carbon credits
Across the world, there is strong focus on reducing GHG emissions and expanding activities which help to

store and remove GHG (principally carbon) from the atmosphere. In cadr&ets, those whose activities

avoid/reduce emissions or sequester carbon receive payments and those who have to/wish to decrease their
OFy o0dz# OFNb2y ONBRAGA (2 2FFaSs
YR

OFND2y F220G LINRYI S
I & o0 dzé

/' Nb2y ONBRAGA | NB dzyAida

: LIJdZNOKF aSR 2y
converted to CO2 equivalents CO2e for this purpose, so that one carbon credit equals one tonne of CO2.

Offsetting credits verified under the carbon standards help mobilise significant amount of finance through the

voluntary offsetting markets.
Carbon standards exist to define what a good quality carbon credit looks like by setting out requirements for

monitoring, reporting, verification and certification of carbon projects. The standards are based on key
principles which aim to ensure that the reduction of emissions offered by certified carbon credits is real:

U Additionalityc ensuring the offsetting activity financed through the sale of carbon credits is not

already funded from a different source.
Permanence and ensuring the benefits of the emissions reduction/removal are not going to be

i
reversed at a later stage and that

U Leakage ensuring the carbon offsetting project it does not cause an increase in emissions elsewhere

U Unique claimg ensuring the carbon credits are not dowoleunted and the same credits sold to

multiple buyers.
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Baseline methodologies against which additionality is being determined and procedures for validating the
emission reduction/removal are developed and formalised in the design and early implementation phase of a
project.

Monitoring, reporting, verification, and certification rules ensure that offset projects perform in line with their
design documentation and the credits issued by the project are linked to genuine, measurable GHG
reductions. This enables the credits to be sold in the carbon market.

The requirement for unique claims made by carbon credits is addressed through clear registration systems. A
carbon registry is used for storing and tracking carbon credits: their issue (post independent validation, as
described above), ownership, sale and retirement. All carbon projects must use a publicly available registry,
provided by one of the main platforms such as the previously mentioned Puro.

Agricultural payments

UK governments are investigating and testing proposals to introduce environmental payments, or payments
for ecosystem services, to replace EU based agricultural payments systems.

In England, the Environmental Land Management schemes (ELMS) and in Wales, the Sustainable Farming
Scheme will include the Sustainable Farming Incentive, Local Nature Recovery, and the Landscape Recovery
scheme, which will offer payments for environmental improvements to agricultural land including tree

planting and habitat restoration. The schemes aim to support progression towards achieving the goals of the
25 Year Environment Plan and the commitment to net zero emissions by 2050, and activities eligible for
payments are likely to include improvements to: water and air quality; plant and wildlife ecosystems; and
reduction of and adaptation to climate change. Biochar can contribute towards all of these goals and is likely
to become a valuable resource for farmers and agricultural landowners.
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5 Local Authority Survey

In order togather baseline information on the practices of the partners as wateas of development
already being considered as well as any limitations, a survey was distributed to all the councils and interviews
conductedto discuss responses.

All responses are included in the apperidppendixA Survey Responsgefiowever a more summarised look
into thelessons to be taken from the survey is included in this section.

1. Which of these green spaces do you currently manage?

Monmouth Torfaen Newport Blaenau Gwent
Community gardens
(Allotments)
Parks
Common land (some)
Roadside verges
Cemeteries
Social housing Some
Schools Some
Playing fields
Sports clgbs pitches (Rugby, Some
cricket, pitches, etc)
Woods Some woodland
Other NHS land under

contract

2. Are these areas cut and collect or cut and leave? (Please tick a box

Monmouth Torfaen Newport Blaenau Gwent
Areas Qollect Leave Collect Leave Collect Leave Collect Leave
Parks 22% 78% 100% 0% 2% 98% 0% 100%
Roadside Some_
0% 100% 0% 100% 100% small trial 100%
verges
areas
Cemeteries 35% 65% 60% 40% 2% 98% 100%
Sl 38% 62% 80% 20% NA
housing
Schools 0% 100% 0% 100% 5% 95% - 100%
Playing fields 0% 100% 70% 30% 100% - 100%
Sports clubs
pitches
(Rugby, 0% 100% 0% 100% 100% - 100%
cricket,
pitches, etc)
Open
Other spaces 66% 100%
34%
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6 Cut and Collect trial

6.1 Planned trial

As a part of the Resilient Grasslands workstreamnal was conductedh coordination with tke county

councilsin order toanalyse the potential biomass that can be harvested throughrahtollectmanagement

and its suitability for anaerobic digestidnmanual for the sampling of biomass was produced and distributed
to the councils involved in the trial, this can be found in the appe&dotibnl4.1).

The manual describedahwork to be conducted by local authorittesensure all samplekat were collected
and sent for analysisere collected and stored consistenfhee were five steps given local authorities:

1.

2
3
4.
5

Identification of Biomass samples

. Agreement on the Biomass samples

Harvest or Collection of the samples

Ensiling the Samples

Transporting the Samples

6.2 Location of collections

# OWNER SITE DATE COLLECTEL
01 NRW Outfall Lane 04/10/2022
02 | NRW Rogiet MOD range 12/10/2022
03 | NRW NRW!1- Peterstone No date providd
04 MCC Highbeech 1 07/07/2022
05 MCC Highbeech 2 07/07/2022
06 | MCC Highbeech 8 07/07/2022
07 MCC Larkfield 1 02/09/2022
08 MCC Larkfield 2 02/09/2022
09 MCC Larkfield 3 02/09/2022
10 MCC Fairview NINL 16/08/2022
11| MCC Denby Drive 16/08/2022
12 | MCC Fairview NIN2 04/11/2022
13| MCC Larkfield 1 NIN 04/11/2022
14| MCC Larkfield 2 NIN 04/11/2022
15| MCC Larkfield3 NIN 04/11/2022

Table6.1 Sites of cut and collect sampling
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Figure6.3 shows the locations of the collection of samples taken within Newport and Monmouthshire, in total
12 locations were sampled with 4 of those having collections at two points during th&Higabeech 1,2,3
are early cuts in the same location as Larkfield 1,2,3 respectively.

The locations were selected lbe representative of the varyingpesof grassland that the partners will
managesome abnormal locations such as Outfall Lagaéhis is representative of a less managed location

that councils may wish to reclaim in theure.

Figure6.1 Cut location 14Larkfield 2 NIN
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Figure6.2 Cut location 2 -FairviewNIN2
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Figure6.3 Sample locations for analysis of biomass
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Figure6.4 Maps showing sites in Chepstow for Cut and Collect samples

6.3 Samples collected for analysis

A

Figure6.5 Ensiled samples and packaged up samples to be sent off the laboratory

Once collected the samples were ensiled as can be s&aguire6.5 and all stored until Jan 2023 when they
were packaged, collected asdnt to the laboratory for analysis
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Total Gas Yield from samples
350

300

250

200

150

100 1
50
0

Denby HighbeechHighbeechHighbeech Fairview  Outfall Rogiet Larkfield 1 Larkfield 2 Larkfield 2
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Figure6.6 Graph showing the total gas yield calculated for each sample collected

6.4 Trial Conclusions

The samples collected from all sites produced encouraging gas yield results with the average yield being just
below that of the identified typical grass silage yield at circa BA9IMs also of note that only one sample,

the late cut taken from Fairview NIN showed a worse gas yield potential than the average yield provided by
food waste.
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7 Mapping & Biomass Availability

In order to assess thavailability of grass biomasses we conducted an-gpernce research and mapping

exercise and have obtained data on green spaces and roadside verge availability for each local authority as set
out below the trial conducted highlighted the challenges of collecting the cuttings from highly managed grass
areas such as sports pitches & bowling greens is difficult due to the required management to keep swath
length short over the growing season. Therefore, we have focused on the availability of grass and other
biomass from allotments or community growing spaces, cemeteries, public park and gardens and religious
grounds as highlighted in the first map for each region. In addition, we have made identified the available
roadside verges for harvesting using a desktop study as shown in the second map for each region.

Based on results of previous trials highlighted earlier in the report on biomass yields from such sites, we have
calculated average potential yields for each regiol 53.3 tonnes dry mass/ha/yAll roadside verge data is
based on an assumption of a 1.2m cut width along both sides of the identified roads.

7.1 Blaenau Gwent

A Map to Show Public Green Spaces in Blaenau Gwent A Key:

Area of Public Green Space (m2)
Caerphilly

Il Allotments Or Community Growing Spaces
= 123,968m2

[ Bowling Green = 29,594m2

[ Cemetery = 444,836m2

[ Golf Course = 790,640m2

[ other Sports Facility = 344,903m2
[] Play Space = 42,607m2

[ Playing Field = 626,803m2

[ Public Park Or Garden = 1,478,386m2
[l Religious Grounds = 57,390m2

I Tennis Court = 5830m2

[ Woodlands = 17,673,870m2

References:
UK Data Service, Welsh Local Authorities (2022)
0OS OpenMap Greenspace Data (2023)

OS OpenMap Local Woodland Data (2023)
1:25k Colour Raster (OS Maps, 2023)

In total there is 2,104580m@ just over 210 hectares of manageable biomass that can be managed for
collection offering in the region of 525 and 700 tonnes of dry mass per annum.
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Total Main Roadway Length in km
= A Road = 76km

—— B Road = 20km

== Local Access Road = 3km

= Local Road = 225km

= Minor Road = 113km

—— Motorway = Okm

=== Restricted Local Access Road = 103km
= Secondary Access Road = 47km

2 km

References:

UK Data Service, Welsh Local Authorities (2022)
1:25k Colour Raster (OS Maps, 2023)

0S OpenRoad Data (2023)

With 76km of Aoads in the county this is a potential harvestable verge area of 182 hectares with a biomass

yield potential of 455 to 606 tonnes dry mass per annum.
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7.2 Caerphilly

A Map tg\Show Public Green Spaces in Caerphilly Key:

("

Area of Public Green Space (m2)
Caerphilly

Il Allotments Or Community Growing Spaces
= 718,906m2

[ Bowling Green = 60,517m2

[ Cemetery = 407,212m2

Golf Course = 1,602,562m2

[ Other Sports Facility = 220,272m2
[] Play Space = 80,083m2

[] Playing Field = 1,935,013m2

[ Public Park Or Garden = 5,664,932m2
[ Religious Grounds = 214,598m2

I Tennis Court = 23,096m2

[ Woodlands = 65,073,524m2

References:
UK Data Service, Welsh Local Authoritied
0OS OpenMap Greenspace Data (2023)
0S OpenMap Local Woodland Data (2023)
1:25k Colour Raster (OS Maps, 2023)

0 2.5 5 km

In total there is7,005,648n2 or just ovei700hectares of manageable biomass that can be managed for
collection, offering in the region @750 and2310tonnes of dry mass per annum.

74



i B

L2

. @ GWENT Cronts Amasnyddat Emrop ar
’ o Llywodraeth Cymru
’ G E NT urop aral Ar Welsh Government

how Total Roadway Lengths in Caerphilly A

Total Main Roadway Length in km
= A Road = 115km

—— B Road = 67km

== Local Access Road = 10km

= Local Road = 501km

= Minor Road = 363km

—— Motorway = Okm

=== Restricted Local Access Road =285km
= Secondary Access Road = 116km

0 1 2km

References:

UK Data Service, Welsh Local Authorities (2022)
1:25k Colour Raster (OS Maps, 2023)

0S OpenRoad Data (2023)

With 115m of Aroads in the county this is a potential harvestable verge arg@@Gdfectares with a biomass
yield potential 0690to 910tonnes dry mass per annum.
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7.3 Monmouthshire

A Map td

Area of Public Green Space (m2)
Monmouthshire

Il Allotments Or Community Growing Spaces
= 97,567m2

[ Bowling Green = 14,075m2

[ Cemetery = 152,508m2

Golf Course = 5,823,599m2

[ Other Sports Facility = 378,831m2
[] Play Space = 84,279m2

[] Playing Field = 1,238,620m2

[ Public Park Or Garden = 342,539m2
[ Religious Grounds = 353,757m2
I Tennis Court = 15,544m2

[ Woodlands = 3,069,627m2

References:
UK Data Service, Welsh Local Authorities (2022)
0OS OpenMap Greenspace Data (2023)

0S OpenMap Local Woodland Data (2023)
1:25k Colour Raster (OS Maps, 2023)

0 25 5km
|

In total there i946,371m2 or just oveB4 hectares of manageable biomass that can be managed for
collection, offering in the region @85and310tonnes of dry mass per annum.
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A Key:

Total Main Roadway Length in km
= A Road = 186km

—— B Road = 152km

== Local Access Road = 1.3km

= Local Road = 332km

= Minor Road = 991km

—— Motorway = 37km
=== Restricted Local Access Road =629km

- Secondary Access Road =5.3km

012km

References:

UK Data Service, Welsh Local Authorities (2022)
1:25k Colour Raster (OS Maps, 2023)

0S OpenRoad Data (2023)

With 186km of Aroads in the county this is a potential harvestable verge aré46dfectares with a biomass
yield potential ofl115to 1471tonnes dry mass per annum.
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7.4 Newport

In total there is 26,482n2 or just over 32 hectares of manageable biomass that can be managed for
collection, offering in the region 680and765tonnes of dry mass per annum.
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