An analysis of the business and
environmental potential for on-farm
anaerobic digestion as a renewable energy
source in the South \West region

“ am committed to making the most of the potential of anaerobic digestion.
Anaerobic Digestion shows that sometimes it is much easier to solve three problems
together, than three separately: AD helps us meet the need for more renewable
energy; it helps us to mitigate methane emissions from agriculture; and it helps
divert other kinds of organic waste, especially food waste, from landfill or
incineration. In parallel, the National Waste Strategy, which is also to be published
shortly, will set out the important contribution which anaerobic digestion can make to
achieving our waste management plans.”

Rt. Hon David Miliband, MP, February 2007, NFU AGM

It is my ambition to make every farm in the country a net energy exporter

Peter Kendall, President, National Farmerehmiary, 2007, NFU AGM

Montgomery & Liewellyn
Home Farm, North Cadbury, Yeovil, BA22 7DJ




The growing, predominantly rural, population of the South West region face a number of common
challenges and share many common needs with the rest of the UK. Affordable sustainable energy, a
pollution free environment with efficient treatment and disposal of waste, and reasonable employment
opportunities are general societal demands. These are increasingly represented by targets set both
nationally and locally, reinforced by legislation.

In addition, the over-arching challenge to society is that of carbon use. The Climate Change Bill has
made the target of 60% reduction in CO, emissions from 1990 levels to 2050 legally binding. The
average person in the South West was responsible for producing 8.2 tonnes of CO, and reducing CO,
emissions below 20% of 1990 levels by 2010 “will be a challenge for the region requiring a reduction in
energy waste through energy efficiency and increasingly moving away from carbon based fossil fuels
to renewable and less polluting sources of energy” (State of the Environment in the South West 2006).

There are a number of technologies available to help address climate change by supplying renewable,
environmentally friendly forms of energy, such as wind and wave power, to generate electricity. Some
processes also address waste issues such as incineration technologies.

This study examines how, in the South West Region, the use of just one process, Anaerobic Digestion
(AD), might not only provide sustainable clean energy and deal with society’s organic waste, but it
might also offer solutions to particular rural problems.

AD can be found at many scales, and this report gives examples from abroad and in the region, as
part of the analysis of why farm-scale AD best suits the South West.

Similarly, the production of energy from AD can be in several forms, and likewise the material to fuel
the process can be many and varied. Animal manures from agriculture can be transformed through
digestion from potential pollutants into fuel sources, and their fertility value enhanced in the process.
In addition, at a time when rural incomes are depressed, particularly in the South West dairy farming
sector, the ability to locate an AD process on farms could provide important new revenue streams for
the rural economy.
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Anaerobic Digestion is not a new technology to the South West. By 1895, biogas was recovered from
a sewerage plant in Exeter when it was used to fuel streetlamps, the first application in the UK.

Anaerobic Digestion is a natural process of decay and decomposition by which organic matter is
broken down by micro-organisms to its simpler chemical components in the absence of oxygen.

Feedstock material, finely chopped, is fed into a sealed airless container which is heated to the
optimum temperature for the bacteria to thrive. The material, or substrate, is thoroughly mixed during
the digestion process for optimum fermentation with the two end products being biogas and digested
substrate.

Biogas consists of between 50 and 80% methane (CH4;) and 20 to 50% carbon-dioxide (COy),
together with minor quantities of nitrogen, hydrogen, ammonia and hydrogen-sulphide. The biogas
can itself be burnt as a direct heat source, but is generally fed through a generator to supply electricity
and heat, some of which can be used in the process. When further cleansed and refined, biogas can
be used as a vehicle biofuel.

Whilst between 40% and 60% of the organic matter is converted to biogas, the remaining material is
digestate, usually containing between 3 and 6% solids as undigested fibre, and retaining the N, P and
K that were present in the original feedstock, though now with improved availability as plant nutrients.
This can be further separated providing both a liquid fertilizer and a solid fraction which can be used as
a nutrient-rich soil conditioner.

The central component of a biogas plant is the biogas digester with its ancillary equipment (e.qg.
pipings, pre-treatment, tanks etc.). The construction of the digester is in concrete or steel, or in the
case of Organic Power’s system, polypropylene. The digester is insulated and equipped with a heating
system (e.g. external heat exchanger, heating coil, floor heating). Mixing of the input materials is done
by means of stirrers, injection of biogas or circulation pumping of the mixture.

Apart from the digester, there are several other units required for a biogas system: e.g. pre-treatment
for input materials (e.g. crusher, macerator, mixing, sorting system), storage for input and output,
biogas collection and cleaning system, pump system, heat exchanger, hygienisation system for
organic wastes, safety and control equipment and the energy station (e.g. CHP unit).

There are two types of AD process:

In a Mesophilic process, the digester is heated to 30 to 35°C and the feedstock remains in the digester
typically for between 15 to 30 days. Mesophilic digestion tends to be more robust and tolerant to food
stock changes than the thermophilic process, but gas production tends to be lower, larger digestion
tanks are required, and sanitisation, if required, is a separate process stage.

Thermophilic digestion systems, at temperatures around 55°C, offer higher methane production, faster
throughput, better pathogen and virus destruction, but require more expensive technology, greater
energy input and a higher degree of operation and monitoring.

The AD process can be classified into continuous process, batch process, or semi-continuous and the

digesters themselves can be either horizontal or upright. Each system has its own advantages and
disadvantages, depending on the scale of production and the type of feed stock.
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- Figure 1 Common schematic of on-farm AD Ipistnatesliby Biogas Nord

The type of feed stock determines the design of AD plant and has a direct effect on the yield of biogas.
Traditionally on a farm, the basis substrate is manure, but other organic matter can be added, called
co-substrate.

The composition of manure varies by type of animal and by farm depending on housing management
and feeding, but potential methane (CHy,) yield figures can be seen in this table:

UK Population Potential Potential annual
CH,yield electricity capacity
m® / day TWh/year
Cattle 12.2 million 5,700,000 6.2
Pigs 7.9 million 800,000 0.9
Poultry 124 million 1,000,000 11
8,600,000 9.4

- Figure 2 Potential UK biogas yield from animee (Banuce: British Biogen)

Dairy cows produce about 27 tonnes of manure per year, but more than half of this is produced when
they are at pasture. Sows produce about 5.5 tonnes of manure per animal per year, and fattening
pigs about 1.2 tonnes.

The national availability of feedstock of either slurry or solid manure from each livestock sector is
shown in Figure 3.
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The most recent relevant livestock figures for the SW Region are shown below (DEFRA 2005). Total
cattle pig and poultry numbers in the South West, by county, are shown in Annex 1.

Dairy cows and heifers 567,079
Breeding pigs 48,738
Beef cows and heifers 226,724
Fattening pigs >20kgs 276,483
Bulls 10,029
Fattening cattle >1yr old 274,032

In addition there are about 7m breeding and laying fowl, and 12m table chicken, most of which will be
housed, with litter as a potential AD resource, though its high dry matter also makes it very suitable for
advanced combustion techniques.

Using the same criteria as in the report to GOSW and the SWRA, Revision 2020, the available slurry
for use will be at least 10m tons. At a conversion of 25 cubic metres of biogas per ton of slurry, with
each metre capable of generating 1.7kWh of electricity, the theoretical resource in the South-West
from animal waste alone is around 420mWe.

While the total supply of manure available is huge, if the inclusion in the AD process is high, the
adequate year round supply of input to digesters does need consideration where cattle are grazed for
much of the year. The proximity of pigs and poultry if housed throughout the year can provide a
valuable additional summer feedstock.(UK response to country profile for methane to markets
agriculture taskforce).
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Though the traditional feedstock for AD is animal manure and human sewage, the inclusion of other
organic material, either waste by-products, or crops grown specifically for energy, can substantially
increase the biogas yield (see Figure 4), for the obvious reason that it has not already been subject to
bacterial digestion.
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- Figure 4 Biogas yield from different feedstocks

Developments in Germany have led to a concentration on the inclusion of energy crops such as grass,
maize and cereals grown specifically as feedstock (see Figure 5), through an enhanced energy price
for electricity produced specifically from these crops. Southampton University is heading a pan-
European research project, called Cropgen, funded by the European Commission, looking at crop and
agri-waste selection for maximum biogas yields from AD. Research in Germany and elsewhere has
investigated the potential of perennial grasses as part of the AD feedstock, and breeding programmes
throughout Europe are examining higher sugar cultivars for greater gas yield.

Bical (a Somerset based miscanthus breeder) has suggested that miscanthus might be a particularly
appropriate crop, cut green throughout the season, or harvested and ensiled with maize. lIts stabilising

root structure, low energy demand and high yields in the South West might make it an attractive
partner to other energy crops, such as maize, in sensitive geographical situations.

The Biogas Energy Cycle
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- Figure 5 The biogas energy cycle
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Figure 6 shows that in Germany a large number of different feedstocks are commonly mixed into on-
farm digestion systems. Some of these will be waste products.

Such co-substrates can be any digestible organic material including sewage matter, municipal waste,
green / botanical wastes and organic industrial and commercial waste. Some in particular give high
yields of biogas, such as abattoir waste, fats, and flotation slurries. All those co-substrates which
could contain traces of animal by-products have to be pasteurised to sanitise them prior to digestion.

In the future, there is potential for the incorporation of very valuable by-products from emerging
technologies, such as glycerine from biodiesel production or distillers’ grains from bioethanol plants.
The inclusion of glycerine at 5% in the AD process can achieve a huge acceleration of bacterial
activity, which makes it a sought-after feedstock. More than 10,000 tons per year are shipped from
small scale UK biodiesel processing plants to German AD users each year, and this is before we have
a proper biodiesel industry in this country.

Small scale digesters of between 5 and 100 m® capacity are found throughout the world, providing gas
for domestic consumption from local waste.

Farm scale digesters (as used in the German model) generally have a capacity of between 100 to
1,000 cubic metres and can process between 1,000 and 15,000 tonnes per year of substrates. The
feed stock may be supplied entirely from the farm or some may be imported. In most cases, electricity
produced will be supplied to the Grid.

Industrial scale digesters (as used in the Danish model) have a capacity of over 15,000 tonnes of
substrate which will nearly all be transported to the site. Their economy of scale potentially allows for
a greater variety of feed stock such as abattoir waste, and for greater processing of the digestate and
the biogas.

1#-1 #&
Worldwide, the most popular and perhaps most efficient use of biomethane from domestic plants,

such as those produced by Puxin,(www.topsaving.com), is to burn it directly for cooking, heating and
lighting.
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Although not normally feasible for European households, a Somerset County Councillor, Henry
Hobhouse, is constructing his own domestic-scale AD installation near Castle Cary to provide heat
and electricity for his house and biomethane to run his car.

/o r+

These are farmer owned and run, with a labour input of only about 1 hour per day allowing normal
farm work to continue. Owen Yeatman is looking to copy the German model of individual on-farm AD
plants, by becoming the importing agent for an established German technology provider, Biogas Nord,
(www.biogas-nord.de), who have 150 on farm digesters working throughout Germany, and abroad,
and claim to have the capacity to build 60 per year. They are contracted to construct a 340 KW
digester on his farm at Lowbrook Farm in Dorset this autumn.

In this model, as well as slurry pumped directly into the digester, the daily ration is of chopped and
mixed material calculated to produce the most cost effective bacterial activity, in much the same way
as a stockman feeds his animals for optimum digestion and yield.

German on-farm digester vessels tend to be vertical, insulated concrete tanks with heating pipes
embedded in the floor and walls, and a membrane top seal to contain the gas. They are commonly
between 5 and 6 metres in height (though a metre of this will be under ground) and between 15 to 22
metres in diameter. Often a second tank, such as an existing manure storage tank, acts as a store for
the digested substrates, as in the continuous process when new feedstock is added to the digester, a
similar amount of digestate will overflow into this post-digestion store. This material, not quite fully
digested, will commonly continue to ferment at a much reduced rate so such tanks are often covered
to prevent nitrogen losses and to collect an additional 15 to 20% of biogas. This system is well suited
to situations where the manure has to be stored for a relatively long period.

- Figure 7 On-farm biogas unit, Germany

Figure 7 shows a typical two-tank on farm installation, showing the stationary feeder wagon to the right
of the digester tank, the overflow pipe connecting the primary and secondary digesters, and the
membrane roofing which contains the biogas. This particular plant has been running for three years on
pig and cattle slurry, turkey manure, maize and rye silage, and produces 250kW of electricity and
300kW of thermal energy, at 37% electrical efficiency.

The biogas is commonly fed directly into a conventional gas engine where the chemical energy is
converted into heat and power 24 hours per day. In a commonly used CHP configuration, heat from
the engine is recovered, with part of it used to heat the digestion process and part to meet any external
heat demands. CHP engines can make use of 90% of the fuel energy content, converting it to about
35 to 40% electrical energy and 45 to 50% heat. The generated electricity can either be used on site
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or supplied to the grid. Farm scale AD plants commonly have an output of between 250 and 1,000
kW's so being able to export to the grid is an issue which is important and will be discussed later on.

There are currently over 3,500 on-farm AD units in Germany, producing over 1,100 megawatts of
electricity and 1,500 megawatts of heat employing more than 15,000 people. The 1,000 AD plants
built in the last year alone average 500kW electric per plant. Germany’'s 2010 target is 10,000 biogas
plants and an installed electrical capacity of 3,000mW.
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The South West would appear to have a number of advantages specifically appropriate to this
German model of individual farm AD plants.

We have a high proportion of large dairy herds of more than 200 cows than elsewhere in the UK and
Dorset has 45% of its dairy herds above 100 cows compared to the average in the UK of 29%. The
relatively high number of large dairy herds in the South West compared to other regions means that
these are more able to satisfy by themselves the supply of feedstock manure required for a viable
sized AD plant.

However, as in Germany, neighbouring dairies and livestock farms may be able to enter co-operative
arrangements, due to the high density of such farms in the South West. Experience abroad is that by
co-operation, perhaps only one farm of several retains a dairy herd, with surrounding farms
contributing energy crops to a shared digester, and receiving fertilizing digestate in return, as well as a
stake in the AD business.

The traditional agricultural skills base of the South West is well suited to the daily monitoring
requirement of an on-farm facility, and is used to the routines and principles of daily feeding and ration
optimisation.

The German success has also been heavily based on high yields per hectare of energy crops in the
rotation, particularly maize. The South West has the best climatic advantage of any region in the UK
for exploiting these crops and indeed the Maize Growers Association has been doing trial work in the
South West to try and emulate German productivity. The South West's mild climate and long growing
season allows for greater flexibility of rotation, with perhaps even double cropping of rye over winter, to
obtain the maximum energy yield per hectare commensurate with good husbandry practice.

The rapid growth in on-farm AD in Germany, fostered by political support, means that the industry
there is backed up by a large number of suppliers and good technical support including operator
training. By close association with Biogas Nord, it is hoped to tap into this support stream and
distribute the technology. To this end, a new business, Farmergy, based in Dorset, has been set up to
develop joint ventures with farmers, or groups of farmers, and equity providers to roll out the imported
technological and management expertise into new on-farm AD projects. This is similar to the next
example of the German system.
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Another model is being championed by Biogen (UK) (a subsidiary of Bedfordia, a large Bedfordshire
farming company), whose own on-farm 1 megawatt output AD plant became operational in March
2006. Again, they have teamed up with an established German technology provider, with a close
support arrangement, copying the standard pattern of feeding the biogas through a CHP generator
and returning some of the heat to the process, in this case including feedstock pasteurisation.

The greater scale of their production has justified their costs and extra issues involved with securing
processing and co-digesting of food waste along with all the waste licensing issues of returning the
digestate to land. The plant digests about 600 tonnes of material per week, of which two thirds is food
waste, and produces about 30,000 cubic metres per year of digestate. The gate fee from accepting
the food waste is seen as an important part of the income stream.

Like Farmergy, Biogen (UK) are actively looking to go into joint ventures with large landowners who
would have sufficient livestock numbers to supply feedstock manure and either sufficient ground to
spread the digestate themselves or have interested neighbours. Biogen would carry out all the
technical operational and management aspects. A copy of their prospectus is shown in Annex 2.

At levels of one megawatt output, a convenient connection to the grid becomes an important locational
driver.

- Figure 9 Biogen UK Ltd pig slurry and foodyestste di

The South West contains a number of large livestock suppliers who would be suitable, not least those
with cheese making and milk processing operations, where fatty waste streams would become useful
feedstock components.

+ #,%& 7+ # 1B&Y® #1119

A slightly different European model requires the transport of the animal manure and other feedstock to
a central anaerobic digester, or CAD.

Denmark is seen as the market leader and Danish developers and farmers co-operatives have
constructed more than 20 CAD plants and 60 farm scale digesters in Denmark (per Peter Frost,
Agricultural Research Institute of Northern Ireland). Farmers there are forced by law to provide nine
months storage capacity of manures, yet with small dairy herds relative to the UK, no single farm can
justify investment into AD.
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Key parts of the Danish model are the revenue from selling by-product heat into well developed
community heating systems and the ability to take up to 25% industrial waste.

The South West already contains the only large scale CAD in the UK using animal manures, at
Holsworthy, in Devon. Having come on line in May 2003, it uses 146,000 tonnes per year of
feedstock through a mesophilic process with an output capacity of 2.1 megawatts of electricity and
slightly less thermal energy. Under the original NFFO electricity contract, a maximum of 20% of the
feedstock was food waste, with the remaining 80% of manure being sourced from 25 dairy farms
comprising around 4,000 cows within a 10 mile radius, along with litter from 200,000 poultry.

Having signed a contract to supply manure and receive digestate, each participating farm is supplied
with a collection pit for slurry and a storage tank for the returned biofertiliser which the farmers then
apply themselves. A large tanker fleet ferries the material to and from to the digester. There is
sufficient capacity at the plant and on-farm for six months storage of digestate.

The original intention was to utilise the waste heat to heat domestic and municipal buildings, but this
has not materialised. Present connection distances are too great and adjacent new build has not
taken place, therefore there is no heat revenue.

In 2005, the plant ran into difficulties financing an upgrade to comply with operating conditions set by
the Environment Agency. It changed hands and is now owned by Summerleaze, a company with
considerable experience of landfill gas.

The plant, since the ending of the NFFO contract, has now obtained a Pollution Prevention and
Control permit variation allowing the increased use of food waste, currently 40% of the mix. This is
sourced from a number of food processing facilities in the area such as Ginsters and St. Merryn
Meats, who supply 15,000 tonnes / year of blood! The performance of the operation has improved
markedly since the purchase in 2005, with average revenues improving by about 50% over the past
year.(Holsworthy Update).

- Figure 10 CAD biogas plant at Holsworthy, Devon

While the South West has a large number of waste food sources, they vary in suitability and value for
AD and contracts for the most lucrative streams are jealously guarded.

The viability of any CAD based on the Danish model of higher manure inclusion will depend on the
volumes available throughout the year and the distance the manure has to be transported. A good
practice guideline suggests that the viable transport distance for chicken and broiler waste is 40km,
thick cattle slurry 15-20km, and for pig slurry is only 5-10km because of its more liquid nature (per
“Anaerobic Digestion of Farm and Processing Residues”, British Biogen).

On-farm AD in the South-West 33 April 2007



- Figure 11 Distribution of Breeding Pigs
- Figure 12 Distribution of Dairy Cows

Figure 11 and Figure 12 show the high concentration of dairy cattle and the spread of pig herds in the
South West.

An analysis has been carried out by DEFRA using this information to arrive at a cumulative estimate of
the methane potential of slurries from the different livestock, expressed as “cattle equivalent”, or CE,
according to relative yields of methane. Population density was examined by analysing 25 kilometre
grid squares to give an average distance to a CAD plant of 10 kilometres.

Using their methodology, the potential viable locations of CAD plants are shown in Figure 13. The
green dots correspond to the largest 20 potential CAD plants, all with CEs of more than 20,000. The
yellow dots represent the next 24 potential CAD locations with CE values of more than 15,000, and
the blue dots represent an additional 39 plants with a CE value more than 10,000.
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- Figure 13 Methane potential from slurries

The suitability of the South West for the expansion of a CAD model involving the collection of a large
proportion of animal waste is evidently high. Summerleaze themselves are exploring the possibility,
though with a high (50:50) inclusion of food waste in the feedstock stream. The exact siting of the
plant would be affected by many factors other than the feedstock source, such as convenience of
electricity connection, road infrastructure suitability, heat market availability, and planning and
environmental considerations.

555" 5 #+H&$&™ + "+

An alternative model to the Danish CAD, and one able to take a much wider range of feedstock, has
been developed just outside the region, at Longstock, Hampshire. A company called Bioplex Limited
has developed a two-stage digestion system using a low cost modular vessel, called a Portagester.

The first phase uses the Portagester, a modified trailer, as a thermophilic pre-processing unit.
Feedstock, which in this case can be slurry or farmyard manure, household waste or green waste, is
loaded at the location where the waste is either produced or collected. The container is then sealed
and heated, and the primary digestion takes place within. This takes usually only about three to four
days depending on material. The Portagester is transported to the central continuous flow mesophilic
digester where the semi-digested liquor from the trailer is transferred for further fermentation, leaving
the fibre in the Portagester, which can then be treated or composted to provide a saleable product.
Biogas is produced from the central digester in the normal way (www.bioplexitd.com) .

The advantages of the system are that it is engineered to handle higher solid content waste as well as
liquid organic waste. Each Portagester is clean, compact and sealed and has the advantages of true
batch processing and traceability of feedstock to solid digestate. A fleet of different Portagesters can
service a number of waste sites, as the retention time in the vessel is so short. The Portagester offers
a cost effective anaerobic treatment option for local communities and/or groups of farms, taking
material such as farmyard manure, stable waste, garden waste, and domestic and industrial waste.
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- Figure 14 Portagester collecting

The model allows for a degree of community ownership and participation with spare heat available
from the plant, and the use of the electricity and/or methane on a community basis. The model can be
scaled from a very small system, such as that around Honiton, where the Otter Rotters organise
kerbside green garden waste collection, to a central digester, or it can be multiplied to a much larger
scale such as in County Durham.

The essential collection area would be most suited to siting on an existing farm which would provide
additional income streams for the farmer. The South West region with its predominantly rural nature,
large number of very small farms, and many dispersed villages, often with a strong community spirit,
would appear ripe for the development of this concept.

The South West is ideally placed to make use also of the expertise and support from each of the
examples of the technology providers shown below, at whatever scale is appropriate for the situation.

% &1

A novel technology developed and marketed in the South West region is a unique design of digester
produced by Chris Maltin of Organic Power, Horsington, Somerset.

The multi-tank array of the characteristic, patented tubular shaped vessels allows efficient mixing of
the digestate without any mechanical devices to ensure that all the organic material is available for
digestion to give optimum biogas recovery, and the process treats a wide range of organic materials,
either solid or liquid, particularly industrial wastes, energy crops, food processing residues and
agricultural slurries.

While appropriate for farm scale, being modular, it can be scaled up, and a very large version is
currently being constructed in Jakarta, Indonesia.

A Schematic Plant Layout of the Organic Power plant using the Maltin® System is shown in Annex 3.
#

Green Fuels Limited at Stroud, winners of the Gloucestershire Business Awards for 2006, are the
leading UK company specialising in the farm scale production of bio fuel, predominantly bio diesel.

However, they project an increased interest in AD and anticipate synergies between it and other
processes. In particular, they foresee opportunities for bio diesel and AD plants to be co-sited near
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industry such as dairy processing so that waste streams from one process such as heat or glycerine
or fatty waste can provide the fuel source for its partner.

To develop this concept and offer clients flexible options, they have teamed up with a well established
German AD Company, RHB GmbH, and have permanent offices and laboratories in Berlin.

Green Fuels have produced, in May 2006, a desktop study for the South West Rural Enterprise
Gateway Group and Gloucestershire First Rural Renaissance, and are currently considering locations
for an on-farm composite plant in the South-West.

5 &
Another local source of technological expertise is Greenfinch Limited at Ludlow.

With over 8 years experience of R & D into anaerobic digestion of household kitchen waste, they are
perhaps the best known and most established English AD Company, having designed and built a
number of biowaste digesters, including 7 on-farm facilities in South West Scotland. Each plant is
tailor- made to the situation and feedstock available, to maximise economic returns.

They are currently acting for a farm near Cannington whose application for a 500 kW on-farm digester
is at the planning stage. A particular feature of this plant is the potential development of using the
energy output of the AD process for cooling, though this would depend on being able to source
suitable technology.
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The energy output from AD plants can be loosely considered in terms of electricity, heat, methane
suitable as a transport fuel, and fertiliser.

The EU Heads of Government have agreed a statutory target of 20% of total energy use in each
member state to be sourced from renewables by 2020 with possible infraction procedures if targets
are not met. Total energy includes not only electricity, but transport fuels and domestic and industrial
heat.

The Regional Renewable Energy Strategy for the South West of England 2003 to 2010 sets a target
of 11 to 15% of new renewable electricity generation capacity in the South West by 2010, in just three
years time.

A recent Regen SW report states “no county is close to meeting its 2010 target”. With renewable
electricity schemes in the region only currently producing approximately 2% of the region’s total
energy consumption, there would appear an urgency to develop new renewable capacity. Figure 15
shows the comparative performance of the SW compared renewable energy production in the other
eight regions.

- Figure 15 Generation by English Region, 208§ (REsta
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In fact, households in the South West consumed on average 5,019 kW hours of electricity in 2004, the
second highest in Great Britain and 8% higher than the national average.

The growth of energy hungry appliances such as flat screen televisions are responsible for increasing
electricity consumption and may be outstripping energy efficiencies in some areas. (State of the
Environment in the SW 2006)

Assuming the continuation of the Government's climate change programme and energy measures,
the region’s energy demands could increase by 15% by 2020.

On-farm AD in the South-West 3 April 2007



4o fhg "

The supply of electricity currently to the South West relies on an aged national grid system designed to
transmit power from large centralised power stations in the middle of the country, using high voltage
400 kV lines down through the system to lower voltage 6.6 kV systems.

There is no other region in England with such long lines of supply incurring such energy losses or with
such a dispersed rural network. Western Power Distribution alone covering the west of the region has
82,000 kilometres of line with 60% overhead reflecting the rural nature of the area covered.

In recognition of this, the national grid does pay a small incentive called a TRIAD benefit to developers
siting power generation in the South West, such as the Langage plant at Plymouth (Join the Green
Power Revolution, Smartest Energy Ltd).

The largest electricity production within the region comes from nuclear production at Hinkley B, 1,220
megawatts, which is due to be decommissioned within four years.

It is projected that the 22 landfill gas schemes in the South West, currently supplying the bulk (47%) of
the region’s renewable electricity, will similarly become exhausted within the next thirty years or so.
Though methane gas production from sealed waste sites gradually trends down to zero over many
years, economic harvesting of it ceases much earlier. (Regen SW).
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In its 2006 Energy Review, the Government sets out the benefits of a more distributed energy system,
and a consultation entitled “Distributed Energy: A Call for Evidence” was submitted by the end of 2006.

“A distributed energy system using new and existing renewable technologies could radically change
the way we meet our energy needs in the long term. Heat and electricity can be created locally from
renewable sources.....local generation allows us to capture the heat. Smaller scale systems have the
potential to be more flexible and to reduce the energy we lose in networks. And a more community-
based energy system could lead to a greater awareness of energy issues and more efficient use of
our energy resources.”(The Energy Challenge, DTI)

The Office of Science and Innovation is considering, through a Foresight project on sustainable
energy management, the built environment issues surrounding future systems for generating low
carbon, distributed heat and power transmission, and distribution networks. The report due in 2008 is
intended to inform policy with the Sustainable Development Commission also examining issues
around distributed energy.

Electricity generation from Anaerobic Digestion would be well placed to contribute to this distributed
concept as, like other biomass based systems, it can be sited in rural areas and has a reliable pattern
of generation, unlike intermittent sources. As seen from the different model examples, AD plants can
be scaled from the very small 50 kW units to the large CAD operations of several megawatts. This
electricity is usually and most efficiently produced continuously, though it is possible with smaller
plants to store gas for generation at peak times.

The South West as a region would appear well suited to a more distributed network, with electricity
and heat being generated locally from renewable resources. Currently the region only produces a third
of the electricity it consumes, providing a poor security of energy supply. The Regional Strategic
Review on Sustainable Energy in the South West recommended: "A sustainable economy should look
to maximise opportunities for production capacity in the region, that would reduce the regional
spending that goes out of the South West on energy.”

If the generation takes place closer to the consumer, not only will fewer transmission losses be
incurred, but the power is also transmitted at a closer voltage level than on a central transmission
network so that the cost of large transformers and equipment is gone. Also, in the event of a power cut
in either the transmission network or distribution network, distributed generation could effectively
supply the power demand for the local customers of the network (www.esru.strath.ac.uk Integrating
Renewable Technologies).
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At the moment, the cost of connection into the distribution network, for any form of electricity
generation, can be significant unless sited near a transformer substation.

On some farms where an 11 kV power line crosses the land, connection costs might be in the range of
£20,000 to £60,000, but the likely maximum power that could be generated and connected to such
lines is less than 1 megawatt. Additional costs for overhead lines are between £15,000 and £30,000
per kilometre.

For higher output of electricity such as the Biogen (UK) model or a CAD plant, that would need 33 kiV
connections, costs may range from £120,00 to £150,000 plus overhead line costs of £20,000 to
£30,000 per kilometre (BWEA, Generating for the UK electricity system).

As mentioned earlier, heat consumption from renewable sources will be included in the binding EU
target of 20% from renewable sources by 2020, but until recently, there have not even been
aspirational targets at a regional level.

The Regen SW annual survey reports that renewable heat stands currently at 27.85 megawatts
thermal, principally from biomass combustion and ground source heat.

“REvision 2020", an analysis of future energy sources, commissioned by the Government Office for
the South-West, proposed that regional targets for renewable heat should be 105 megawatts thermal
by 2010 and 503 megawatts thermal by 2020. These figures, adopted into the Draft Regional Spatial
Strategy, equate to roughly 0.2% of the region’s 2010 heat demand and 1.4% by 2020, hardly
demanding targets.

Importantly, the Draft Regional Spatial Strategy contains a provision that “large scale developments
will be expected to provide a minimum sufficient on site renewable energy to reduce CO, emissions
from energy use by users of the buildings constructed on site by 10%". This could provide the impetus
for a revival in CHP interest and in particular, community, residential and office heating.
I+

As with electricity, the South West fares poorly from a centralised transmission system for natural gas
which provides the cheapest fossil fuel-based source of heat. The South West region has the lowest
access to the gas grid of any region in England, with at least 18% of households off gas. Not only
does this have an environmental detriment, as lorry tankers transport heating oil around, which itself

emits 20% more CO, on combustion than natural gas per kW of energy produced, but access to only
the more expensive fuel alternatives also contributes to rural fuel poverty.(Revision 2020)

Evidence of this is that the number of people in fuel poverty in the South West Region has increased
from 138,000 in 2003 to over 250,000 in 2005, at a time of sharp energy price rises.(Regional
Strategic Review Sustainable Energy 2006)

Revision 2020 states “some of the benefits that the region can gain from increasing the use of heat
from renewable sources are using renewable heating systems as a measure to reduce fuel poverty in
hard to treat homes in off gas areas”.

Il %

A novel use of heat is currently being explored, that of cooling. Absorption chilling technology currently
allows heat to be used for cooling but is limited to fairly small cooling loads of only 5 or 6°C. However,
technological development is taking place around the world to expand the scale of a process similar to
that which takes place inside a gas powered refrigerator. The obvious advantage of this is to
maximise the return of an AD plant by matching a winter heating load to a summer cooling one, which
in the South West, with a potentially warming climate, might be of immediate interest.

On-farm AD in the South-West 3. April 2007



- Figure 16 Extent of gas network in the South West

Historically, many barriers have restricted the development of CHP in the UK, such that CHP currently
only accounts for 7.5% of the total electricity generated in the UK, whilst 8% of the heat market comes
from CHP, mostly generated from natural gas.

Nationally, only 613 megawatts thermal of heat is provided by community generation projects for the
use of residential and commercial heating requirements. (Digest of UK Statistics 2005) This contrasts
markedly with Denmark where 60% of homes are supplied by district heating, as a result of
Government intervention. Interestingly, around 85% of Danish district heating companies are
consumer owned with municipalities owning the remainder. Anaerobic digestion plays an important
part in this model which indicates that the siting of such plants where well managed can be acceptable
to local residents. Several plants on the continent are, like the municipal waste treatment plant
constructed by Greenfinch in South Shropshire, sited in urban locations.

The German farm based AD plants commonly have an exportable heat production, after parasitic heat
is used to warm the digester, of around 20% above that of their electricity output, thus a unit with 250
kWs electrical output will also provide 300 kW's of thermal energy. As with the electrical output, the
heat production on a continuous flow system will be constant and predictable. The electrical efficiency
of these German on-farm plants is constantly monitored to be between 35 and 40% efficient. If the
spare heat can also be utilised, the total efficiency of systems can match any other technology at over
90% efficiency.(Planning and Installing Bioenergy Systems, German Solar Energy Society)
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A third possible form of energy from AD technology is transport fuel - “transport is the fastest growing
source of CO,, accounting for 36% of emissions in the West of England, and according to the GBSTS
Business As Usual projection, set to increase by 33%" (Access West, Forum for the Future).

To be used as a transport fuel, biogas has to be upgraded to at least 95% methane by volume
(biomethane) when it becomes suitable for vehicles using compressed natural gas (CNG). The
Swedish experience shows that it is possible now to upgrade biogas with high reliability and at
reasonable cost, either for a direct use as a vehicle fuel, of for injection into the national gas grid.
Figure 17 shows the energy production per hectare of land available, showing a clear technological
advantage to biogas as a fuel as compared with other biofuels.

- Figure 17 Potential vehicle fuel produced per hecta
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Biogas as a transport fuel has much lower life cycle CO, emissions than other biofuels such as bio
diesel and bioethanol, so could be a priority fuel when tackling the relentlessly growing transport
contribution to climate change. CNG powered vehicles have been shown to produce generally lower
emissions of particulates and nitrous oxide. Biogas fuelled vehicles can reduce CO, emissions by
between 75% and 200% compared to fossil fuels. The higher figure is for liquid manure as a
feedstock which, left untreated, would have generated methane emissions.

Large parts of Bristol and Bath have been declared air quality management areas where 100,000
residents suffer from poor air quality. In fact, 24 air quality management areas have been declared, in
12 Local Authority areas in the South West, all but one of which have been designated as a result of
nitrous oxide emissions from traffic. This is an increase of 16 areas since 2003.

In many European cities air quality has been the main driver, particularly relating to heavy vehicle use,
where trucks and buses sometimes receive specific tax incentives in favour of CNG. In many of these
cities, and in London, congestion charges carry an exemption for vehicles manufactured to run on
biogas, and in several instances, parking and taxi licences also receive exemptions.
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- Figure 18 Emissions: grams 0é@ialent per km (Organic Power Ltd)

Biomethane in transport also has another benefit, combating noise pollution, since biogas engines
have only half the noise levels of their diesel equivalents.
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According to the European Association of Natural Gas Vehicles (NGVs), there are 5 million natural
gas vehicles in the world, growing by 20% per year. In Europe, Italy alone has 380,000 NGVs. In
Sweden, biogas is being used in bus fleets and even in trains. Germany is now encouraging the
upgrading of biogas for transport use and has about 1,000 gas filling stations in the country.

In the UK, the scarcity of natural gas refuelling stations, the limited availability of gas enabled vehicles,
and the reluctance of fleet managers and operators to try new, more expensive vehicles, has held
back adoption. In addition, the bus service operators’ road fuel duty exemption removes any financial
incentives for bus companies to use CNG, a market that has been very strong in other EC countries.

A few UK HGYV fleets do successfully use CNG, saving on fuel costs with high mileage vehicles, with
fleet sizes that merit a refuelling infrastructure. The Energy Savings Trust states that there are 31
natural gas refuelling sites in the UK, all of which are associated with fleet operators (Biogas as a
Transport Fuel, NSCA).

M 1%

Growing interest is being shown in the relationship between biomethane and hydrogen. The 2006
energy review states “for the UK, the use of hydrogen offers significant opportunities for cost
competitive CO, reductions in transport by 2030".

In June 2005, the Government published a strategic framework for hydrogen energy activity in the UK,
which included a funding package of £50 million over 4 years for a UK wide hydrogen and fuel cell
demonstration programme. Biogas can be regarded as one possible way to gradually change over to
hydrogen as an energy carrier. (Fachtagung 2003)
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Since 2003, Sweden has been commercially using hydrogen as a vehicle propellant either alone or in
mixtures with biogas. In Malmo, all the public buses and a large proportion of the city’s refuse
collection trucks and taxi cabs run on biogas. Filling stations can deliver various mixtures of the two
fuels.

As interest grows in the hydrogen economy, research around the world is exploring its production from
the hydrogen rich CH, methane from AD, particularly in America where on-farm biogas production to
run hydrogen fuel cells is being explored. Coincidentally, Kyoto University has a research project to
generate electricity with fuel cells using the hydrogen produced from biogas (Wwww.fuelcellsworks.com)

- Figure 19 A hydrogen-powered car (with a bidmstheh&d it) at a filling station in Malmem Swed

It would appear rather puzzling, given all the evidence above, that the South West region does not
take a more supportive stance on the use of biomethane as a transport fuel. In fact, there is little
encouragement for any form of low carbon biofuel. Only in the Regional Strategy for the South West
Environment 2004 to 2014 is there a mention of even bio diesel or bioethanol.

“The environmental, social and economic benefits of alternative fuels, particularly biofuels, could bring
to the region are widespread, and the region, therefore, needs to make a concerted effort to attract the
infrastructure required to develop and distribute these fuels”.

However, the South West Regional Economic Strategy Delivery Plan makes no mention other than “in
implementing this activity (reducing congestion in main cities and towns), we should consider how the
potential to reduce pollution and emissions can be realised through, for example, measures to
encourage LPG/alternative fuel transport solutions”.

Interestingly, even though it was not in their remit, the Scrutiny Panel carrying out the Regional
Strategic Review of Sustainable Energy in the South West in 2006 were moved to recommend “...a
reduction in carbon emissions from transport in the region....... and complete an assessment of the
growing biofuels market”.

The Draft Spatial Strategy makes no mention of clean transport fuel technologies and transport falls
outside the remit of the Regional Renewable Energy Strategy and Regen SW.

Despite this, private biofuel initiatives have taken place in the region. Green Spirit Fuels in Somerset
intend to produce 105,000 tonnes of bioethanol (potentially the first bioethanol plant in the UK) and
Somerset County Council is promoting bioethanol uptake through the Somerset Bio Fuel Project and
the international Bioethanol for Sustainable Transport (BEST) Project.
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Worldwide, the most popular and perhaps most efficient use of biomethane from domestic plants,
such as those produced by Puxin, is to burn it directly for cooking, heating and lighting. This is an
option that Bioplex are studying with their community model, as laying a community heat main allows
for other pipework to be installed at the same time, perhaps enabling the pressurised gas to be used
for cooking.

The piping of gas is not as expensive an operation compared to the heavily insulated pipework
required for a heat main, so that in some circumstances, it might be more practical to retain individual
gas fuelled boilers in each property. The piping of biomethane from individual farm scale AD
production units to a central processing facility is a co-operative model being considered by
Southampton University.

The manufacture of nitrogen fertiliser is an energy intensive operation and accounts for 30% of all
agricultural energy use. As the price of energy has increased, the price of nitrogen as a plant food has
doubled over the last 10 years.

The nutrient content of the digestate from an AD plant is a homogenous product (unlike manure)
although it varies with the different feedstock composition. Typically it might contain 4 to 5 kilograms
per cubic metre of nitrogen, 1.3 kilograms per cubic metre of phosphorous and 1.9 kilograms per cubic
metre of potash, worth in fertiliser value between £2 and £2.50 per cubic metre.

The availability of plant nutrients is also higher in the digestate than in untreated organic waste. For
instance, digestate has 25% more accessible inorganic ammoniacal nitrogen (and less acidity) than
untreated liquid manure (An Introduction to Anaerobic Digestion of Organic Wastes, Remade
Scotland).

As the digestate is very liquid, high soil infiltration rates reduce ammonia emissions from the surface
and lower carbon content reduces nitrous oxide formation, though both of these risks are minimised if
application to land is by shallow injection technology or band spreading. Compared to raw slurry,
digestate flows more easily and requires less mixing before spreading. The rates and timing of
application should be matched to the needs of the receiving crop as there remains a leaching risk.
This is potentially easier where a post digestion storage tank is used, such as a converted, covered
slurry store.

Whereas cattle often reject grass where untreated slurry has been spread, they do not readily reject it
spread with digestate, particularly if already separated (Benefits of Anaerobic Digestion, ALBI).

Pathogens and weed seeds are greatly reduced by the AD process, particularly if there is a sanitation
phase, and it is found that odour emissions are reduced from liquid manure by 80%. (Anaerobic
Digestion, A Renewable Energy Resource, Patel)

Though the digestate is commonly applied to land without further treatment, separation equipment is
sometimes installed. The fibre obtained can be used as a soil conditioner or peat alternative though it
still contains a low level of nutrients. Experience in Denmark shows that composting this fibrous
material with green waste can be easily and effectively managed and aids the composting process.
The separated liquid is ideal for application through irrigation methods allowing access to crops and a
potentially flexible application window.

Providing the feedstocks for the AD plant do not contain additional, inadmissible, materials, the
recycling of the nutrients through an AD plant should be amenable to accreditation for organic farms,
which have a high demand for nutrient recycling, and of which there is a higher percentage in the
South West than any other region.

The South West, with its mild damp climate, has both an extended growing season and better
opportunity to utilise applied mineral fertilisers compared to much of the rest of England. Nitrogen
fertiliser use in particular remains a key component of South West agricultural productivity. The
advantage gained from the processing of waste and crop material by AD could be a valuable asset in
the region.
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In recent times, the contribution of agriculture to climate change has come under the spotlight, in
particular, its emissions of methane CH,, which is generally regarded as being 21 times as harmful to
the atmosphere as CO,.

Though methane emissions from agriculture have declined by 12% since 1990, it contributes around
46% of the national total, nearly half of which is produced by the natural digestion process in the
stomach of ruminants by anaerobic bacteria and vented to atmosphere through their mouths. This is
called enteric methane emission and is by far the biggest part (86%) of total livestock emissions.
(Agriculture and Climate Change,NFU)

DEFRA have recently announced a £750,000 investment in research on ruminant nutrition regimes to
reduce enteric methane and nitrogen emissions from livestock.

Methane emissions from manures and slurry management make up the other 14% coming from
livestock husbandry in the UK. Slurry based manure management systems account for 74% of all
methane emissions from manures and slurries, as its storage in liquid forms in lagoons, ponds or
tanks tends to promote anaerobic decomposition and release methane to the atmosphere.

- Figure 20 Methane emissions of manure

A study by AEAT (Assessment of Methane Management and Recovery Options for Livestock
Manures and Slurries 2005)suggests that on dairy farms, commonly more than 20% of all yearly
animal excretions are handled through slurry systems compared to about 6% in beef systems which
tend to be more extensive and also use more solid manure.

In the South West dairying areas particularly, slurry systems predominate due to the high cost and low
availability of bedding materials. Also, slurry fits better into the cropping pattern of the South-West's
predominantly grassland and maize based livestock systems.

AEAT state that “AD represents the best available methane recovery technology for widespread
utilisation at either an on-farm or centralised scale”.
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In addition to methane, ammonia emissions from livestock manures can be a significant air pollutant
and local odour nuisance if it is not well managed.

The Government has commissioned a new report to study the potential for AD technology to combat
methane and ammonia air pollutants: “The optimisation and impacts of expanding biogas production
in the UK. “ This report is contracted with the Institute for Grassland and Environmental Research at
North Wyke in Devon and is not due to report until 2010.

Of all the English regions, the South West in particular has fostered an image of environmental purity.
As the Economic Strategy for the South West states “the environment is a crucial economic asset that
underpins the success of tourism, culture, marine and other sectors”. In particular, the cleanliness of
its water resources and beaches is seen as a vital part of a tourist industry worth millions.

To safeguard the cleanliness of the South West soils and water supplies, there are various pieces of
legislation, both national and at EU level.
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EU Level Groundwater 80/68/EEC seeks to control the direct and indirect discharge of certain
substances into the groundwater rendering it unfit for human consumption. This may have
implications if organic wastes are being spread in the vicinity of groundwater protection zones.

Nitrate from Agricultural Sources 91/676/EEC was devised to reduce or prevent the pollution of water
caused by the application and storage of inorganic fertiliser and manure on farmland.

Framework Directive on Waste 75/442/EEC provides a framework whereby the member states of the
EU could control the disposal of waste nationally encouraging the development of clean technologies,
technical product improvements and disposal techniques. They must also encourage the recovery of
waste and its use as a source of energy.

Integrated Pollution Prevention and Control (IPPC) aims to minimise emissions from industrial
installations such as large pig and poultry production units. These installations need a permit from the
Environment Agency requiring them to use best available techniques for the management of waste,
air emissions, effluents, energy and soil and groundwater quality.

EU Water Framework Directive 2000/60/EEC requires all inland and control and coastal waters to
reach “good status” by 2015, both for surface and groundwaters. Members are to address diffuse
source pollution to waters where its impact on the achievement of objectives including phosphorous,
fecal indicator organisms, sediment and nitrates. River basins are to be characterised with monitoring
networks established by 2006.

The Bathing Water Directive 76/160/EEC is designed to set mandatory standards for 10 purity
parameters in bathing water including fecal materials and bacteria derived from animal waste.

An illustration of the key targets and EU directives timeline is included in Annex 4.

,Y# +1

According to the Waste Management Licensing Regulations 1998, the land spreading of certain waste
is exempted as a waste-recovery operation, from Waste Management Licensing Controls, if it
complies with certain rules. The exemption applies if:
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1 Land spreading of waste will benefit agriculture or ecological improvement.
2 No more than a specific amount of the particular waste is applied to each hectare of land.
3 The EAis informed in advance of the proposed land spreading.

The Water Resources Act 1991 and the Control of Pollution (Silage, Slurry and Agricultural Fuel Oil)
Regulations were both introduced to address serious polluting discharges arising from the livestock
sector. These specify that there should be enough capacity in a farm’s manure storage facilities to
contain four months’ production unless a safe year-round disposal system is approved by the
Environment Agency.

Although there is no specific legislation on land spreading of animal manures, DEFRA has produced
codes of good agricultural practice for soil, air and water, which provide guidelines for land spreading.
Farm nutrient plans are required to minimise the pollution risks from the leaching of both phosphates
and nitrates from animal manures.
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The main drivers for change within the South West regarding animal manures and water relate to the
Nitrates Directive and the Water Framework Directive.

Formal compliance with the Nitrates Directive by the UK falls under a staggered timetable designating
at present a limited number of Nitrate Vulnerable Zones (NVZs). This differs from the approach of
other EU countries, for example Denmark and the Netherlands, who chose to implement the
provisions of the Directive across their entire territory.

In 2001, the European Court of Justice ruled that the UK had failed to implement the Nitrate
Framework Directive properly and that the same measures must be implemented across the whole or
most of the UK by the end of 2002.

The farming industry has been waiting for some time to hear how the Government intends to achieve
compliance status in the eyes of the Commission. It is now anticipating a consultation at the end of
June 2007.

There are two options under consideration by Government: either (1) by Countrywide Application of
NVZs, or (2) the Directive allows the option of a more targeted approach on those areas where nitrate
levels in water create particular environmental problems. Farmers will be required to comply with
restrictions on the spreading of livestock manures on their land with the main financial burden falling
on intensive livestock farmers. The main costs will be associated with installing extra manure storage
capacity, and the higher costs of transporting manure for disposal on other land.

The current map of NVZ areas is shown as Figure 21. Areas affected are predominantly in the east of
the region in Gloucestershire, Wiltshire and Dorset, with a significant area in North Devon. Farmers
within these zones currently have to abide by strict regulations regarding storage periods and
spreading windows.

It is generally thought that dairy farmers in particular could face the need for considerable investment
to comply with potentially rigorous changes to the Nitrates Action Plan in England. This, on top of
recent falls in milk price mean many farmers who might be considering leaving the industry anyway
will have to judge whether capital outlet can be justified.
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- Figure 21 Nitrate Vulnerable Zones in England

Nitrate expert, Mike Payne, says ideas for six core changes have been suggested already to bring the
UK in line with EU requirements: “Three stipulations will have drastic affects on dairy farmers
including maximum manure applications, closed periods and manure storage. The maximum
untreated manure application on grassland will drop from 250 kilograms per hectare to 170 kilograms
per hectare. The existing two month closed period for spreading will be increased to between three
and a half to five months depending on soil type and rainfall. The area affected by the extension of
closed periods to all soil types will take in about four times the area currently covered by the
requirements and the extension of the period itself will require further storage facilities. We are also
expecting rigorous restrictions on areas where slurry and manures can be spread, such as on steeply
sloping fields and alongside watercourses. The cost of implementing these changes will make or
break many farmers” (www.fwi.co.uk).

In addition, the European Commission is encouraging the UK to limit chemical fertiliser use by
assuming high nitrogen recovery rates, 50 to 60% from manure, similar to the line taken by the Dutch.
Agricultural experts Andersons quote “There is speculation that 100% of English farmland may be
classified as NVZ. This would have a significant impact, particularly on areas such as the South West
that have a large dairy sector and high rainfall. Storage and disposal of slurry will become a bigger
headache. All this will impose a significant cost on many farms for which there may be no financial
reward. The assistance of Grant Aid is probably questionable”.

These proposals are not yet finalised, but the UK Government has litle room for manoeuvre and
measures such as these will have a dramatic impact on predominantly livestock based agricultural
industry in the South West, particularly if the areas affected are greatly extended. Manure storage
capacity and treatment will become critical.

Our near neighbours have already realised the fundamentals. Northern Ireland, already with a five
month compulsory storage capacity, have offered farmers 60% grants to try and retain the livestock
industry. In Eire, the Grant Aid is up to 70% on new storage and handling capacity.
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Given the experience of past offers of Grant Aid in England (40% of capital works, up to strict limits),
and in the tight fiscal climate, it may be difficult for any Government to justify taxpayers’ spending on
slurry storage, per se, in the future.

Anaerobic digestion, if incorporating a post digestion storage tank at a farm scale, or if used in the
Danish CAD type model, retains the digested manure until the optimum time for spreading under the
waste management plan and would allow compliance with the potential changes in NVZ legislation.
(A farm waste management plan which includes detail of feedstock, storage, digester operation and
liquor spreading would normally be considered an acceptable alternative to the present four month
rule.)

How much better then to invest in storage which itself is part of a diversified renewable energy
producing income stream, and how much more palatable to the taxpayer?
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Regarding the Water Framework Directive and diffuse pollution, particular interest is being given to
phosphates because of the risk of eutrification to water bodies, such as Poole Harbour in Dorset. In
the UK, about 40% of the total phosphate input to agricultural land is from livestock manures which
can leach through soil, threatening water quality if applied in quantities and at times of year when
crops are unable to absorb it.

Treatment of manures by AD, particularly if the digestate is mechanically separated, has considerable
potential to help manage phosphate distribution to agricultural land.(Agricultural waste mass balance:
opportunities for recycling and producing energy from waste technologies, BIFFA)

Twelve sensitive river catchment basins have been identified in the South-West where particular focus
is on the land management including cultivation practices, cropping and the use of animal manures.
As with NVZ's, this is bound to have an impact on farming practice, particularly manure management,
in those catchments.

The most direct affect on water purity is felt where manures physically contaminate it. The South
West region has more than 6,000 kilometres of river to protect and historically has concentrated on
point- source acute pollution incidents often by sewage. Increasingly, diffuse pollution from agriculture
is being considered. “Heavy rain affects run off from the surrounding agricultural areas. Livestock
slurries and manures, if applied inappropriately to land, can be washed into inland rivers and
watercourses and end up in the sea” (State of the Environment in the South West 2006).
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The bathing water quality in the South West is generally excellent. However the General Quality
Assessment (GQA Scheme) survey, used annually to assess river quality, was not designed to detect
impact from suspended solids or bacteria.

Indeed the South West has partnered Ireland and France to develop techniques for improving the
sourcing of pollution and thus its reduction (www.cycleau.com). IGER is involved in a study of the
River Taw in North Devon, specifically looking at agricultural impacts on water purity.

AD can lower the biological oxygen demand (BOD) in the feedstock to less than 40% of that in the

digestate, though it is above discharge standards for waste waters. (The potential of on-farm
anaerobic digestion for Northern Ireland, Agri-Food and Bioscience Institute)
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- Figure 22 A Scottish biogas plant working tdiffecheécgollution in bathing waters

Seven farm-scale biogas plants have recently been built by Greenfinch in Southwest Scotland as part
of a Scottish Executive research programme into diffuse pollution of bathing waters. The large amount
of rainfall in the area, together with high numbers of livestock, impermeable soils and short river
lengths all contribute to the risk of faecal indicator organisms (FIO) ending up in the water courses.
The identical criteria could apply to much of the South West.

The results of the effect on water purity are due to be reported imminently but indications are already
that the AD plants have been an exceptionally useful part of the farms’ waste management systems.
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Pollution risks from agricultural waste are just a part of the major future challenges to society regarding
waste disposal.

Our Waste, Our Opportunities, A Sustainable Future for Waste Management in the South West states
“one of the key challenges facing the South West today is how we deal with our rubbish. We produce
over 7% million tonnes of household, commercial and industrial waste a year. Of this total, over 6
million tonnes are deposited to landfill sites. At current rates, these sites will be full in less than 6
years. The pressure is on to find alternatives”.

The Regional Waste Strategy for the South West 2004 to 2020 states: “The Waste Strategy is to
minimise the amount of waste produced in the region, and then to make a major shift away from
current reliance on landfill of untreated waste, so that by 2020, less than 20% of waste produced in the
region will be landfilled ...... The South West has been the fasted growing region in the UK and that
growth is likely to continue ..... The region is also a highly attractive tourist destination which brings a
substantial influx of visitors and their consequent waste ...... Combined with a generally buoyant
economy and the region’s high environmental quality, it is becoming increasingly important to develop
new approaches to the waste issue in partnership across the region. In particular, the preponderance
of landfiling as the principal means of disposal is both wasteful of resources and environmentally
unsustainable”.
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Every year the South West produces about 2% million tonnes of domestic waste, 5% million tonnes of
commercial and industrial waste, and 12%2 million tonnes of construction and demolition waste (State
of the Environment in the South West 2006).

- Figure 23 Summary of current and forecast SuagteiArionnes) in the South West region
(Regional Waste Strategy for the South Wes2@P0Q¥ to

Between 2000/2001 and 2004/2005, total municipal waste increased by 12% and now stands at its
highest point of 3 million tonnes of which household waste was more than 2.6 million tonnes. About
70% of this municipal waste was sent to landfill, the third highest rate in the English regions.

However, there have been positive moves towards waste separation and recycling. The proportion of
household waste recycled or composted increased from just under 15% in 2000/2001 to around 27%
in 2004/2005. Around 40% of all commercial and industrial waste in the region was recycled or re-
used.

On-farm AD in the South-West 4 April 2007



- Figure 24 Biodegradable landfill Life expe€ancy 20

The South West has a more challenging target than any other region with the reduction of reliance on
landfill as the dominant disposal method made all the more pressing by the predicated life of the
existing landfill sites across the South West region. Figure 24 shows the predicted capacity at the time

of writing the Regional Waste Strategy showing an average of 8 years across the Counties, impacting
more on some counties than others.

- Figure 25 View of biodegradable waste to 2028s(€0®ur opportunity”)
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This is the EU legislation which gives binding targets to member states to reduce the amount of
Biodegradable Municipal Waste (BMW) going to landfill to 75% of that produced in 1995 by 2010, and
to 35% of the 1995 figure by 2020.
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The mechanism designed to ensure these targets are met is the Landfill Allowance Trading Scheme

(LATS), which sets each waste authority an allowance for organic waste disposal, reducing over time
with the targets. The penalty for exceeding the allowance is £150 per tonne.

- Figure 26 Regional Surplus of Allowances (Brvirgenty)

After one year of operation the 2005/2006 results show the degree of allocation used. Figure 26
shows the amount of surplus allowances for each region (EA LATS Report)

- Figure 27 BMW sent to landfill in 2005/6 ag@itsttabgets in the South West region

Figure 27 shows that only one local authority in the South West Region, Somerset County Council, is
already close to its 2009/2010 target, the others needing to make significant increases in diversion
over the next three years. The South West Region has the second largest regional deficit against its
2009/2010 targets of approximately 294,000 tonnes. (EA LATS Report)
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The cost of disposing of waste to landfill has two components, the statutory Landfill Tax, payable to the
Exchequor, and the fee charged by the site owner for use of the facility, or “gate fee”.

, 5 6

The standard rate of Landfill Tax for household waste is currently £24 per tonne (2007/08), but is due
to increase by £8 per tonne each year to £48 per tonne by 2010.
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Landfill gate fees for BMW are around £50 per tonne, but as void landfill space is filled, and given that
new landfill space is unlikely to become available immediately, gate fees are expected to rise
significantly in the coming years.
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A recent report (Dealing with the Food Waste in the UK, EUNOMIA) clearly states the options for
dealing with BMW other than to landfill, defined in the report as food and garden waste. “Despite the
fact that food waste is one of the largest single fractions of the waste stream, it is estimated that only
around 2% of the available amount is directed separately for composting or anaerobic digesting. It is
clear that there is a strong case to recycle more food and garden waste in the UK. For Local
Authorities, the challenge is to find the most appropriate option to deliver an easy to use service which
achieves good environmental outcomes and that is cost effective for local people.

Work suggests the merits of an approach based on separate food waste collections, and the
anaerobic digestion of this collected material. It should prove possible to generate both energy as
electricity or heat, and quality products for use in various applications, though the latter may require
the use of blending (possibly with green waste and/or other materials).

If the 5% million tonnes of UK municipal food waste were targeted for separate collection, then the
total quantity of electricity generated could be of the order of 477 to 761 GWH per annum if the
material were digested. Composting the same amount of material would actually utilise energy in the
process. Routing the material through anaerobic digestion rather than composting would improve the
position in respect of greenhouse gases to the tune of more than 0.22 to 0.35 million tonnes of CO,
equivalent based on an assumption that the displaced source is gas fired electricity generation. If the
same amount of material had been landfilled, savings increase to 1.6 to 3.6 million tonnes of CO,
equivalent, depending upon the performance of both the landfill and the digester.”

Similarly, DEFRA Environmental Resource Management Paper states “results show energy recovery
through AD from separated organic materials with high moisture content and low calorific value
(kitchen/food waste, green waste, manure/slurry) to convey a greenhouse gas and energy benefit in
comparison with either landfill, landspread or composting. For energy recovery processes, the range
of conversion efficiency for AD is : Minimum — 30% electricity only: Maximum — combined heat and
power at 85% total efficiency (40% electricity, 45% heat).
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- Figure 28 Analysis of treatment methods for d&ivil/ POwer Ltd)

This evidence powerfully demonstrates, for wet BMW, the advantages of AD over the alternative
treatment methods, particularly composting which is exposed as a comparatively energy-intensive and
energy-wasteful process, producing a relatively low value end-product.
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The Regional Waste Strategy spells out the financial choice: “At the moment, managing our waste is
costing the people and businesses of the South West somewhere around £400 to £500 million every
year. If we take no action and do not make all the changes suggested in the Strategy so the amount
of waste we have to deal with continues to rise, then the annual bill is likely to rise to between £1200
and £1350 million. Following the measures set out in the draft Strategy is likely to cost us somewhere
between £950 and £1200 million. These costings do not consider the cost to the environment of not
making the stepped change and given the recognition of the environment as a key driver of the
economy, the wider economic impacts”.

Therefore there will be little difference in costs between the implementing the recovery and treatment
options, and doing the minimum necessary, but jeopardising the environment.
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Greenfinch have direct experience of the practicality of anaerobic digestion of domestic waste having
constructed a pilot plant in Ludlow to recycle kitchen waste from 1,200 households. Residual waste
was odour free and uncontaminated, and after pasteurisation at 70°C for one hour, coupled with either
mesophilic or thermaphilic AD, killed all bacteria and pathogens.
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They then entered a project with South Shropshire District Council and have constructed a 5,000
tonne per year throughput plant taking alternative week kerbside collection of separated waste. The
biodegradable fraction contains raw and cooked food, raw and cooked meat, fish and bones, non-
recyclable paper and card, green garden waste less than 50mm in diameter and domestic cardboard.
The project design is based on 390 kilograms per household per year and two thirds capture. The
plant operating on a small industrial estate can be seen below.

- Figure 29 South Shropshire District Counddlinditistr

The important part in preparation of BMW for AD is to process it to become a relatively homogenous
feedstock. This would normally be done by source segregation and/or mechanical material
separation, and pasteurisation either before or after digestion. In the Bioplex model, both these stages
are rendered unnecessary by the pre-digestion hydrolysis phase.

If the food waste or other wet organic waste is a minority part of the feedstock for an AD plant using a
base of animal wastes and energy crops, the process is more able to cope with the variability of the
wet BMW fraction.

The gquantities of commercial food waste and industrial bio degradable by-products and waste streams
generated in the region are extremely difficult to ascertain, because the data collection on waste
streams does not sufficiently segregate the source and type. In 2005/2006 landfill operators used 31
different codes from the European Waste Catalogue for the reporting of municipal waste; none of
these codes has been give a biodegradable percentage, and sourcing of waste, once mixed is
extremely difficult.

However, given the considerable food processing industry in the South West, it is likely that a large
potential resource is available. Ecotricity have just submitted a report to the South West RDA which
might be able to quantify this better, but in any event it would be advantageous to potential developers
if the detail of food waste streams in the South West could be made more available.
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The land based industries are bound to be closely involved in AD waste treatment solutions, if only as
a repository for the digestate, either whole or as separated components. The extent to which co-
digestion of manure and farm crops with off farm waste inputs can take place depends very largely on
the regulatory climate.
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There are a large number of regulations appertaining to waste, principally stemming from the Waste
Framework Directive 75/442/EEC and the Waste Management Licensing Regulations (1994), which
regulate waste treatment and disposal activities so as to prevent harm to human health, pollution of
the environment or more serious detriment to local amenities.

Until recently, waste from agricultural premises was excluded from the definition of controlled waste,
but in 2006, waste from agriculture has come under the scope of the Waste Framework Directive.
However, manures, slurries and crop residues are exempted when used as a fertiliser on agricultural
premises, even when they did not arise on those premises.

Organic materials “in excess of beneficial use” are considered waste, so farms producing more
manure than can be used on the available land in accordance with guidelines are legally obliged to
dispose of the excess.
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The Animal By-Products Regulation 2003, was brought in post foot and mouth, and prohibits any raw
meat or fish going to landfill and any meat or fish wastes (cooked or raw) being used in animal feeds.
As well as protecting human health it ensures that there is minimal risk of disease transmission from
the transference of infective material from one farm to another, a particularly important consideration
for CAD scale operations.

AD is approved to treat most categories of this waste, although there are specific temperature and
time treatments required for any domestic catering or commercial food waste (pasteurisation is
required for >1 hour at >70C). If the feedstock m ight contain material of animal origin, it is required in
AD systems to be stored for an average of 18 days following treatment. In practice, some form of
pasteurisation usually takes place of the sensitive material prior to entering the digester using heat
from the CHP plant and the 18 days are spent during the digestion phase.

Where an AD plant accepts non-exempted material as a co-product, they will need waste
management licences, waste handling and transfer licences. These have considerable annual costs
attached, which are a potential deterrent for the operator of a small plant.
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In addition, the digestate from the AD will need to satisfy an EA protocol requiring a separate annual
application charge for a licence to spread the digestate on each 50 hectare land area.

The Renewable Energy Agency have been working to define a common accepted definition of
acceptable composition of digested materials spread to land. They have recently received assent
from their Scottish Environment Protection Agency (SEPA) and should have acceptable guidelines
finalised by mid-May 2007. This will remove the complying digestate from classification as a
controlled waste product, and will enable land managers to use it as a fertiliser without a Waste
Management Licence and without risking the produce from their land being excluded from some high
value markets. This will accelerate the acceptability of digestate amongst the farming community in
Scotland.

Meanwhile in England, the EA has placed the digestate evaluation at the bottom of their priorities and
only recently, after some encouragement, have agreed to participate. “The EA is now currently
working to adopt a standard (the PAS100) that, where there is certainty of use and no or negligible risk
of pollution of the environment or harm to human health, the outputs from anaerobic digesters may be
considered as fully recovered for the purposes of the Waste Framework Directive” (Response to the
Biomass Taskforce).

Itis likely that an acceptable digestate standard will not reach England until the middle of next year.

Thus the decision whether to augment the gas generation with controlled materials in an AD plant
depends on whether the scale of operation merits the time, bureaucracy and cost in complying with
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the regulations surrounding them. Biogen (UK)'s model presupposes that individual farmers at a local
scale will not think it is worthwhile, particularly if extra treatment costs are incurred as well, such as de-
packaging equipment for food waste.

Given the extra income available from gate fees and the higher gas yield from food waste, it would
seem advisable to encourage as many different scales of AD plant as possible to become viable by
easing the regulatory burden to a sensible minimum.

A higher number of AD treatment plants in the South West would provide for a more local waste
treatment solution and reduce transport, particularly of bulky feedstocks.

On-farm AD in the South-West ) April 2007



The particularly rural, agricultural nature of the region has been already established.

Farming occupies 80% of the land area in the South West and is more important to the region’s
economy than in any other region. Nearly a quarter of all agricultural holdings in 2005 were located in
the South West with a fifth of the country’s farmed area.

Also, the type of agriculture in the Region is characteristically livestock-based. The South West has
more cattle and calves, sheep and lambs than any other region and the region’s dairy and beef herd
accounts for almost one third of the national stock, yet while these sectors are those most suited to
investment into AD, as they produce the manure and have the land available for spreading, they are
also sectors where funds for capital works are most hard to find.

All types of farming in the UK have seen income drop over the last 10 years to the extent that other
income streams have been needed to augment those from the production of food. Private drawings
from the farm business itself have exceeded farm business income for 7 out of the last 10 years, a
situation that is not sustainable (Outlook 2007, Andersons).

Dairy farms in particular have seen output prices drop whilst production costs rise. The number of
dairy holdings in the South West declined by 41% between 1990 and 2004.

In the South West, a typical scenario might commonly be a family run dairy farm where little capital
investment has taken place over the last ten years, however during that time cow numbers have been
increased to maintain turnover at a period of diminishing returns, putting stress on management,
equipment and housing. Stark choices face the business. Either continue in milk production but invest
heavily in a new facility to enable even more cows to be milked, perhaps requiring more land, in a bid
for optimum efficiency, or leave the sector.

AD provides a third option. That of downsizing the herd to retain only the best cows, allowing existing
equipment to cope and freeing up capital and acreage, which would continue to grow traditional crops
of grass and maize. The capital could be used to lever investment into an AD plant, perhaps co-
operatively, which might be more attractive to banks and venture capitalists than re-investing in dairy
production.

The problems that the agricultural industry face have been recognised by the South West governing
bodies along with the potential income that production of renewable fuels might bring to the sector.

“The decline of agricultural and land based industries is affecting the rural society, economy and
environment, and depravation is significant in some rural areas. Successful rural regeneration will
require us to address the changing needs of rural economies, whilst protecting the environment, which
underpins our quality of life and our success in the tourism industry. Renewable fuels are among a
wide range of sustainable rural energy options that would be particularly appropriate for supporting
diversification for farmers and promoting rural regeneration ...... The environmental, social and
economic benefits of alternative fuels, particularly bio fuels, could bring to the region are widespread,
and the region, therefore needs to make a concerted effort to attract the infrastructure required to
develop and distribute these fuels” (Regional Environmental Strategy).

The Regional Spatial Strategy accepts that many South West residents will continue to live in a
dispersed pattern of small towns and villages and the difficulties of securing a sustainable future for
these rural settlements is recognised with measures to enable these communities to continue to thrive.

Various estimates have been made of the potential economic and employment prospects generated
by delivering an effective renewable energy / waste treatment industry in the South West. As Matthew
Spencer of Regen SW quotes, “certainly we have no shortage of local expertise to facilitate the
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development of renewable energy. Around 1 in 9 of all people working in renewables in the UK is in
the South West. In 2005, there were about 160 businesses and 1,100 directly involved in the sector
contributing some £34 million to the local economy. South West England has only to keep its share of
the national market for the sector to make very significant contributions to the local economy in the
current year. Some estimates put the sector at no less than 6 times its current size by 2020".

At the end of 2005, Regen SW produced an estimate of future employment and gross value-added
(GVA) from renewables, based on the average total sector growth required to meet the South West
Renewable Energy target in 2010. This indicated the creation of 6,000 jobs in the region by 2010, and
£189m extra GVA..

Unfortunately, few of the projections have adequately considered the potential for AD, or divided the
estimated growth in each technology sector. We do not know the multiplier effect on jobs in the local
economy caused by a thriving renewable energy industry, nor has the retention of current jobs been
taken into account.

We do know that the total labour force in agriculture in the region has declined by 30% since 1990. We
do know too that in Germany, with over 3,500 on-farm biogas plants, the industry is thought to employ
over 15,000 people already, which will rise considerably as they move towards their strategic 2010
target of 10,000 biogas plants.

It is estimated that over 430,000 new jobs could be created in the EU by introducing 300,000 biogas
plants (IGER.Amon 2004).
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Asking whether AD is viable is akin to asking whether electricity is “a good thing”.

Every AD plant is different in some respect, sometimes markedly, as seen in the model examples.
Each process is designed around individual circumstances such as feedstock availability, location,
skills, finance, energy market, scale, planning restrictions, etc to maximise the economic return.

For instance, one supplier’s view of the effect one variable feedstock type has on viability may be seen
in Figure 30:

- Figure 30 Viability analysis scenarios (Ertr&refnfinch presentation)

The set of circumstances which currently make a plant viable, or not, may change within a short time
frame, so rapidly are the drivers changing. It could be that economic viability in terms of current return
on investment is less important than the pressures from other sources such as pollution and waste
legislation.

Studies based on historical figures of UK plant efficiencies, costs of production, current regulatory
compliance costs, fiscal support and market prices have uniformly questioned the viability of small to
medium scale AD plants, particularly where the analysis was predicated on high rates of animal waste
in feedstock (Revision 2020, Assessment of Methane Management, etc, DEFRA).

It is true that there are challenges to AD project development in this country, where the market is
immature compared to Germany, Switzerland, Austria, Denmark, Sweden and others where AD is a
mainstream contributor of energy and jobs. Some of these challenges are shown in Annex 5.

Many of these challenges relate to the judgements based on UK past performance, incomplete
awareness of AD benefits, undeveloped infrastructure and the lack of experience in the operation of
AD.

The success of the AD schemes in Germany is due to the pioneering work done by early players
before large scale propagation of the technology had come about. The same stage has been reached
in the South West with early-adopters and risk-taking entrepreneurs providing exemplars which “there
is a strong need to encourage”. (Future Energy Solutions).
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Development in other countries has been greatly helped by a stabilising market mechanism for the
offtakes of AD.

In this country, the Renewables Obligation has provided the incentive to develop the more expensive
forms of renewable electricity. It is possible that under the current review, there may be some move to
follow the Government's stated preferred option to use a banding of Renewable Obligation Certificates
(ROC's) to give particular support to emerging, less established technologies which deliver societal
objectives but are more costly to develop (such as farm scale AD, or off-shore wind). These could be
introduced in 2010.

The analysis of AD by Revision 2020 is flawed in one or two areas, but the most obvious one is that
since it was written, the electricity generated from AD plants has gained a competitive edge against
some other secondary waste treatment processes, as AD is now included in the renewable obligation
as an “Advanced Conversion Technique” and thus the electricity generated by it is eligible for ROCs.

In a highly volatile energy market, AD has an advantage in being a base load generator. It has the
capacity to add to the security of energy supply, and also to add to the local grid stability in rural areas
where this has been a traditional problem. If the Government does act on results of its consultation on
distributed connection, this might signal a stimulation for new grid connections in the South West,
particularly significant for on-farm AD.
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To maximise the income streams it is vital to try and find a lucrative market for the by-product heat.
Where there is a local use for the heat, this is currently worth about 2p per kW hour in the South West.
Because heat is so expensive to transport, we could expect location of some AD plants to be
influenced by the availability of good heat (and power) markets. Incentives for the use of renewable
heat are currently available through a number of grant forms, which are subject to constant change.

The targets for electricity and heat in the South West will provide incentives for developers in so much
as they will influence Local Government policy, but without a penalty structure as well, they will be
seen only as aspirational.

The step-change will be driven by the EU decision this spring to set statutory national targets including
all renewable energy forms including heat and transport fuels. These targets which are likely to have
penalty clauses if not met are bound to filter down to the regions and districts in much the same way
as landfill and waste recovery targets have, again driven by the risks of financial penalties.

The effect this will have on the viability of all renewable energy projects is unclear as yet, but it is likely
that those able to deliver multiple benefits such as CHP will become more attractive. This is
particularly the case when the South West RSS begins to impact on new building developments
where as a condition of planning, renewable energy of the most convenient form to the developer will
need to be incorporated.
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The potential of biogas for use as a transport fuel is particularly topical, as it is yet to be seen how it will
be integrated into the Renewable Fuels Transport Obligation (RTFO) in 2008, and how Clean Air
policies will impact on urban transport options.

Biogas, like Compressed Natural Gas (CNG) or Liquefied Petroleum Gas (LPG), currently receives a

fuel duty rebate of 40.5p/litre compared to fossil diesel. Given its significant saving in CO, compared to
fossil derived gases it should receive an advantage, and in some other countries is zero-rated.
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A detailed analysis of the potential for biogas as a transport fuel may be found in “Biogas as a Road
Transport Fuel “(NSCA). To quote an extract: “The environmental and economic factors involved
suggest that electricity production from biogas offers greater CO, saving benefits and better
economics and requires a lower subsidy than biogas used for road transport. However the balance is
fairly fine...... and only small changes in the economic variables on each side of the equation could
switch the balance.”
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The fertility value of the digestate has already been stated as being worth between £2.00 and £2.50
per cubic metre, a benefit particularly where food waste from off the farm augments those nutrients
already provided from the slurry or energy crop. If fibre is separated it may have some value as a
growing medium or soil improver, but would probably require further processing, marketing and
branding. The fibre from the initial hydrolysis phase of the Bioplex system is being considered as a
medium for worm culture.
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The value of gate fees for the receiving of material that otherwise would go to landfill vary, depending
on the competition in the marketplace, but are commonly in the range of £40 - £75 / tonne of feedstock
used in the plant.

Another source of income will be the value of the Levy Exemption Certificate under the Climate
Change Levy.

The large capital cost of a high efficiency AD plant is an obvious drawback, particularly in the UK
where the lack of a developed market means each purpose-built installation is more expensive than its
equivalent abroad.

Biogen (UK) provide all the capital for feasibility, licensing, planning, and construction, with the
landowner/farmer paid around £100,000 / year by means of ground rent, digestate disposal and share
of energy receipts. Similarly Farmergy intends to provide, within a joint venture, the technology,
management and expertise, and assist with finding financing. The farmer receives a price for the
feedstock, though this is reduced for a start. This assists the debt provision, and allows the farmer a
gradual accumulation of his stake in the business with no up-front capital contribution.

Thus a feature common to both Biogen (UK)'s and Farmergy's business concept is a novel
mechanism for providing initial capital, with the farmer able to increase his capital stake after
production has started and an income stream generated.

Owen Yeatman projects draft figures of a capital cost of £750,000, for a 340kW hour (electricity) plant.
With no immediate market for the by-product heat, and an electricity off-take price of around 9p per
kW he anticipates an operating margin of £143,000 and a return on capital of 19%. Though some
guestion the viability of an on-farm AD plant just using agricultural feedstocks, the Lowbrook site
should be operational by next spring, when the economic facts can speak for themselves.

In recognition of the financial barrier to investing in AD the UK Government is seeking clearance from
the European Commission to be able to provide 100% first year Enhanced Capital Allowances
(ECA’s) for new AD installations. Other CHP plants, including the connections to the grid, currently
qualify for them, and have certainly generated recent interest from private and institutional investors.

Grants, such as the Bio-energy Capital Grant, have been available in the past, and might in future

prove a useful kick start to an AD construction programme. Also some funds may become available
under the Rural Development budget.
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UK “Cleantech” finance, covering environmental technology, resource efficiency, clean energy and
advanced materials, has grown significantly over the past few years, with the emergence of a number
of clean technology / environmentally focussed equity funds looking for opportunities to invest in the
sector. This development has also seen a number of public company listings to raise capital for the
industry, and has been supported not only by macroeconomic drivers, such as the increased demand
for energy and commodities from the emerging markets, supporting frameworks created by
government policies, more robust technologies, and social concern being translated into action at
political, corporate and even consumer level.
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The UK is a leader amongst European peers in share and spread of “Cleantech” venture capital, and
accounted for almost one third of the total €1.9 billion invested across Europe between 2003 and
Q2/2006. However, energy related investments accounted for only 61% of UK investments, compared
with 92% in Germany (Clean Capital, Financing Clean Technology Firms in the UK, Forum for the
Future).
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It is also interesting to see the emergence of industrial sponsors, ranging from water and electricity
utility companies to private waste management companies. The water companies have been involved
in AD for some time in their sewage treatment works, and the electricity and waste companies stand to
gain by controlling a part of their supply chain as the regulations on renewable supply and waste
management begin to bite.

Marks and Spencer have recently highlighted the trend amongst retailers to want to be seen as
environmentally conscious by advertising their “Plan A”. Their claimed interest is to “power all their UK
and Irish shops and other buildings with green energy from a variety of sources, including anaerobic
digeston — energy generated by waste from our stores and from farms”
(www.2marksandspencer.com).

Viability of the development of renewable energy generation is heavily dependent on planning. Regen
SW has been constantly frustrated by the rejection of wind turbines and large scale biomass
combustion projects: “Gaining planning permission remains the most significant barrier to the
development of renewable energy in the region.” (Regen SW annual survey)
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As can be seen from the photographs ( see Figure 7, Figure 9 and Figure 22 ), the examples of AD
plants are similar in appearance to existing on-farm slurry stores, and can be effectively screened by
plantings where necessary. They are certainly less controversial in appearance than wind turbines,
and don't have the chimneys associated with biomass combustion. Where feedstocks all arise on the
farm, or neighbouring farms, and the digestate is spread on that land, there is litle change to the
current impact from a conventional farm. This highlights the advantage in dealing with food wastes
and organic wastes at a local level.

Only naturally there are concerns over odour emissions, but experience on the continent shows that
these are extremely small where best practise is followed, and certainly less than might be commonly
found in existing conventional agricultural manure storage and handling. Several AD plants in Europe
are constructed on industrial trading estates, without prohibitive odour problems.

The degree of extra road traffic generated by the construction and operation of an AD plant will
depend on its size, the nature of the feedstock, and the means of disposal of the digestate. Biogen
(UK) state that their relatively large, ImW plant will generate four lorry movements a day importing
feedstock.
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PPS22 emphasises the importance of developing positively expressed policies on renewable energy,
both electricity and heat, in the determination of planning decisions.

Regional Planning Guidance for the South West, RPG10, currently explicitly states “Local Authorities,
energy suppliers and other agencies should support and encourage the region to meet national
targets for a 12.5% reduction in greenhouse gas emissions below 1990 by 2008 to 2012, and a 20%
reduction (from 1990 levels) in CO, emissions by 2010".

In future, planning will be informed by reference to the Regional Spatial Strategy, the draft of which
states “there is a key role for Local Planning Authorities within the region in ensuring a synergy
between sites for major new developments, and the location of renewable combined heat and power
(CHP) generators, to ensure that the heat from the latter can be effectively used, for example as part
of a community heating system. Regional Supplementary Planning documents on renewable energy
will contain more detailed guidance on some of the issues relating to the spatial distribution of
renewable energy technologies within the region”.

However, as the urgency of meeting County renewable energy targets grows, and with the adoption of

the South West RSS, Regen SW considers that in the South West, planning policy for all kinds of
renewable ventures is now as favourable as anywhere in the country.
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The South West is the most rural region in the England, with an agricultural industry more important to
it than any other region. It is justly proud of its reputation as “The Green Peninsular”, the tourist and
retirement destination of choice because of its unpolluted, idyllic countryside and coastal image.

Yet the South West region faces enormous challenges. On the one hand it faces higher sustained
growth than any other region, with all the resource and waste implication that that brings, but on the
other its characteristic land use patterns are jeopardised by the on-going decline in the traditional
livestock farming sectors.

Its indigenous conventional energy supply capacity is weak now and due to weaken further as Hinkley
Point faces decommissioning, and the proportion of renewable energy generated within the South
West comes under threat as the predominant source, landfill gas, gradually becomes depleted.

The South West has unique issues of rural energy poverty due to the dispersed nature of its
communities and the limited natural gas supply.

The South West has also to comply with national and international binding commitments. Concern
over climate change has already encouraged aspirational targets within the region for CO, reductions,
particularly regarding electricity generation.

The recent EU agreement on statutory national targets for ALL forms of energy use will make the
delivery against more challenging local targets both compulsory and urgent. The poor UK delivery
against the EU Biofuels Directive may even force changes to the region’s transport fuel mix.

The South West faces ever-present issues of pollution, both air and water. Current non-compliance
with the EU Nitrates Directive has potentially massive repercussions to the South West region’s
already troubled livestock industry, as an extension of NVZ policies would make the management of
livestock wastes in the region extremely difficult, requiring large investment in manure storage. The
footprint of agriculture in the South West is under close examination anyway, regarding the
minimisation of greenhouse gas emissions from livestock and manures, and the pollutant risks of
agricultural contaminants into watercourses.

The South West has the worst record of delivery against landfill reduction targets of any English
region. Compliance with the EU Landfill Directive will require immediate delivery against a Regional
Waste Management Strategy if the South West is to be able to replace the current proportion
disposed to landfill. Large investment will be needed urgently into alternative processing facilities.

The uptake of AD is hindered largely by lack of knowledge, regulatory issues surrounding permitting
and planning, grid connection charges, and economic considerations, particularly the high initial outlay.

While many recent commentators have discounted the viability of AD, particularly at a farm scale,
imminent developments could potentially improve viability, such as increased gate fees or ROC prices.

Until very recently, AD as a technology has largely been ignored in projections for the future of the
South West Region. However, the process of AD can be delivered successfully at very different scales
as seen from examples from abroad, and more recently in this country.

Whereas experience of AD in the UK has been poor, and should not be used as a baseline for future
projections, technological advances, matched with good support in other countries, has delivered
extremely high efficiencies of energy conversion, good pollution control, and a vital waste
management tool.

With similar agricultural conditions to the UK’s South West, German farmers installed 1,000 AD plants
in 2006, generating an extra 500mW of electricity.

The South West is potentially the lead region in the UK for the installation of AD technology, as it
already has an unusually high level of expertise and experience in the region. Vitally, technology
providers in the South West are able to provide the after-sales support to ensure successful
management of installations.
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AD technology would appear ideally suited to the South West, particularly if energy crops are included,
as our climate gives a natural advantage for their cultivation, and higher yields of energy per land area
are obtained.

The type and structure of farms in the South West is ideal for the adoption of the technology, as there
are many large livestock producers, and a mix of cattle, pigs and poultry to supply ample feedstock for
the process.

Agricultural incomes have been depressed, and are ill able to cope with demands on capital potentially
required to comply with further restrictions on manure management caused by tightening of NVZ
legislation. On-farm AD provides slurry storage solutions in the form of secondary digesters, while
simultaneously adding an income stream disconnected with the imperfect workings of the market for
food.

The digested material has a higher available nutrient property and is more uniform than animal waste,
causes less grazing rejection, has a lower BOD by between 60% and 80%, and contains little or no
weed burden. The separated solid fraction could have a value as a peat replacement.

AD technology would appear particularly appropriate to farm-scale development, to minimise the
movement by road of the bulky materials which are intrinsic elements. At local level manure and
fertilizer can be pumped, and liquids can go usefully to land rather than to water treatment facilities.

AD CHP plants could be a vital part of rural, or urban, energy supply as they have a reliable base load
output characteristic, unlike wind. Consideration must be given on how best to facilitate a distributed
energy network in the South West to provide the self sufficiency in areas vulnerable to insecure

supply.

The local provision of heat, particularly in areas off-gas, can help redress fuel poverty. AD plants tend
to have very efficient sources of by-product heat, ideal for industry or community heating, as in
Denmark. The Draft Regional Spatial Strategy for the South West makes such a provision a vital
component of planning policy.

Other countries have demonstrated the practicality of biomethane use in vehicles, particularly freight
and public service fleets. This would seem particularly appropriate to the South West, where air quality
issues arise from traffic.

Community scale waste collection and AD treatment is already being pioneered in the South West
using new technology developed locally. The South West is a lead region in promoting the message:
“Use Local”, whether it be food, energy or waste.

As in any new renewable technology industry, job creation will be an important spin-off, but AD in rural
locations can provide vital socio-economic benefits to the South West, especially if co-operative or
community based models are employed.

The income stability a thriving AD industry could provide South West dairy farmers would be a vital
component in the retention of a pastoral traditional landscape so typical of the region.

AD is shown to have the best environmental credentials of any BMW treatment process.

A number of pioneering operators are currently installing AD capacity in the South West, which will
provide the economic evidence. It would appear vital that these exemplars are sufficiently encouraged,
and the information they will provide properly valued.

No other sustainable technology appears to be able to offer the high efficiency of renewable energy
generation, pollution and greenhouse gas control, plant nutrient resource management, or the

effectiveness of converting wet organic waste to energy.

No other region has such pressing requirements for a localised AD industry, so much to gain, or such
a wealth of resources to deliver it.
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Final Results of the June 2005 Agricultural and Horticultural Census
For England, Regions, Counties/Unitary Authorities

def ra

artment fo |'| wironmen
Food amd Bural ATf:

Region & County/Unitary Total cattle Total Pigs Total fowls
[Number] [Holdings] [Number]  [Holdings] [Number]  [Holdings]
ENGLAND 5,527,147 56,133 3,959,480 10,384 121,939,530 31,393
BRISTOL, CITY OF 461 11 62 7 1,347 10
N AND N-E SOMERSET, S GLOS 88,623 896 25,162 139 941,128 427
GLOUCESTERSHIRE 126,508 1,304 34,176 238 2,350,706 756
SWINDON 7,047 72 - - 9,584 39
WILTSHIRE CC 152,278 1,247 79,082 220 4,060,223 577
BOURNEMOUTH AND POOLE - - - - - -
DORSET CC 171,571 1,443 69,765 251 1,601,286 724
SOMERSET 301,261 2,746 94,526 411 3,989,769 1,302
CORNWALL AND SCILLY ISLES 340,685 3,498 37,477 565 1,185,277 1,741
PLYMOUTH - - 30 5 518 10
TORBAY 1,309 15 33 4 - -
DEVON CC 567,551 5,518 95,527 795 4,995,271 2,779
SOUTH WEST 1,758,294 16,763 440,066 2,654 19,157,654 8,383
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(as published in Farmers’ Weekly, September 2006
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Source: AEAT Report for Sustainable Agriculture Strategy Division, DEFRA, December 2005
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Classification parameter

Plant type

Characteristica

Dry substance content

Dry fermentation

Dry solid content >25%

Wet fermentation

Dry solid content < 15%

Psycrophilic up to 20C
Temperature level  of -
process Mesophilic 35-37C
Thermophilic 55¢C
Single step All decomposition steps in one single
reactor
Process steps Two steps Hydrolisis and methanization in two
separate reactors
Multi-stage Hydrolisis, acidification and methanization in

separate reactors

Charging

Continuously

The same amount of substrate will be
charged and discharged daily

Batch

Complete filling of a system, complete
discharge of the system, requires change
tanks

Reactor type

Fermentation channel

Long concrete construction, angular

Horizontal tank

Steel tank, e.g used oil tank

Vertical tank

Silo type reactor (concrete or steel)

Centrally installed stirrer with slow speed

Mechanically Sidewise installed stirrer with high speed
Mixing Paddle agitator (horizontal reactor)

Hydraulically External pump system

Pneumatically Injection of biogas

Pure agricultural plant | Manure, Dung

Co-fermentation plant | Manure plus organic wastes, energy crops,
Substrate

silages etc.

Industrial plant

Municipal, industrial, commercial organic
wastes only

Source: Green Fuels Limited, May 2006
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