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1. Renewable energy technologies for small-scale an d

microgeneration

1.1 Biomass

Biomass, including wood fuel, releases CO,
into the atmosphere as it is burnt in the same
way that fossil fuels such as coal, gas and oil
release CO..

However sustainable sources of biomass
reabsorb the CO, emitted over the lifetime of
new plants growth, allowing biomass to
provide a low carbon alternative to using
fossil fuels. This is depicted in the figure 1.

Some CO, emissions result from biomass
production through harvesting, processing
and transporting the fuel. However if local
biomass resources are used the life-cycle
emissions will be dramatically lower than
fossil fuels. In order to minimise CO,
emissions it is recommended that the fuel
should be sourced from within a 40km radius.

Biomass can be sourced from a number
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resources that could be found in the AONB including:

Woodland products and residues — Cotswold AONB contains many existing
small woodlands. Wood fuel could help to provide an income for woodland

management activities.

Arboricultural residues - Currently much of urban forestry and Arboricultural
debris goes to landfill; many of these materials could be diverted from landfill

and used as a low cost fuel.

Clean wood wastes — these include material such as saw mill co-products
and other wood processing industries by-products.

Energy crops — Crops such as Miscanthus, short rotation coppice of willow
and poplar or short rotation forestry can be grown to produce fuel. The
Cotswolds landscape was identified as having moderate-high sensitivity to
large scale biomass development and energy crops in the landscape
sensitivity assessment carried out for the Revision 2010 programme. It is
possible to produce liquid biofuels from energy crops, for use as heating oil.
However this is currently used mainly as a transport fuel as transport fuel
costs are much higher than heating fuel so biofuels can compete more easily

with fossil transport fuels.

! Land Use Consultants on behalf of GOSW (2004) ‘Land

and biomass developments’ — for Revision 2010 repor

scape Sensitivity Assessment to wind
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Agricultural residues such as straw or chicken litter can be burned as a fuel
for heating or power.

These resources can be processed to provide more convenient forms of fuel than
traditional woodfuels such as logs. The most common processed fuels are
woodchips and wood pellets that are designed for use in modern automated biomass
systems. Woodchips and wood pellets can also provide a cost effective heating fuel
especially in areas such as the Cotswold AONB where the availability of the mains
gas network is limited.

Woodchip

Woodchip can be used in automated biomass boilers, these
systems require the fuel to be processed to the correct size
and moisture content. Moisture content of the fuel can be
controlled through stacking and natural drying before
chipping or using mechanical methods of drying the fuel
once chipped. The chip size can be controlled using a
suitable chipper which provides uniform size chips and
eliminates the production of slivers (long shards of wood)
which can jam augers. The chip should also be free of
contamination by other material such as soil, plastic
packaging etc.

Whilst the chip quality needs to be carefully controlled, the
process of producing woodchips can be carried out using
fairly standard farm machinery (though the chipper should
be recommended for wood fuel — these can be leased).
Woodchip is ideal for self-supply or establishing a local

supply.

Woodc hip Fuel

Wood pellets

Wood pellet fuel provides the most convenient woodfuel g o =0 v v g
option with less storage space requirements than woodchips Fid 4 Ura
and the ability for pellets to be easily blown into fuel stores. " =
Woodchips typically require tipping into the fuel store. j

Pellets are usually made from “clean” wood to provide a 4 = == LY
clean burning, uniform fuel. Wood pellets have low moisture ' 0. &
content, less than 10%? and a higher energy density than 5.~ = '+
other forms of woodfuel making them easier and more N

economical to transport. o ,\ A X a5l

ol b
Wood pellets can be delivered in bags (typically available in o
bag sizes of 10, 18 and 20Kg) or in bulk. It is also possible
to deliver pellets in a tanker and blow them into a fuel store

through a hose (similar to the delivery method for ail).

Wood Pellet Fuel

Wood pellets can be produced using conventional pelletising machinery (for example
animal feed pelletisers) though wood specific pelletisers are often used to provide a

2 British Biogen ‘Code of Best Practice for wood pel lets’



consistently high quality fuel. The amount of energy embodied in the pellet through its
processing is typically around 5% of the energy output of the pellet.

Pellet fuel users would normally buy in pellets rather than self-supplying due to the
capital outlay required for pelletising equipment. By contrast, it is possible to self
supply with woodchip by hiring an appropriate chipper. Suppliers of wood pellets that
could serve the region are located in Bridgend, Shepton Mallet and Tiverton in
Devon.

Logs

Wood can, of course, be chopped into logs and burned in stoves or log burning
boilers. Log stoves are quite popular as supplementary heating within the Cotswolds.
Log burning appliances are generally less efficient than chip or pellet burning
systems and are less automated. However there are high efficiency, modern log
stoves that are clean burning and efficient. Automated log-fired boilers are also how
available; these tend to use an accumulator tank to provide heat storage to match
heat demand. As log burning systems are less automated and require much more
space (particularly for fuel storage) than other biomass and fossil fuel systems, they
are likely to be used in niche applications. However their use is likely to be more
common in rural areas such as the Cotswolds and they could be particularly suited to
sites owning woodland that could be used to provide fuel.

Technology description

Pellet stoves

Wood pellet stoves have a similar appearance to conventional log-burning stoves
and provide direct space heating to their immediate surroundings. Larger stoves can
be fitted with a back-boiler to provide water heating or for additional radiators.

Most stoves use a forced air system that blows heat
into the room allowing the appliance to quickly heat
large spaces. Fully automated wood pellet stoves are
available which have automatic ignition and
thermostatic controls. An external flue is required for a
log or wood pellet stove.

Modern wood pellet stoves are very clean burning and
under normal operation no visible plume of smoke
would be seen. Pellet stoves are typically around 85-
90% efficient; this also means minimal ash is
generated, ash trays only need emptying between once
a month to once every six months, depending on model
and frequency of use. Wood ash is inert and can be

disposed of as fertiliser.
Automated wood pellet

stove

Most stoves have a hopper in the top of the appliance which is filled manually and
might hold enough pellets for 20 hours non-stop operation.



Pellet and Chip Boilers

A wood chip and pellet boiler systems are clean-
burning being typically around 85-90% efficient.
There would not be a visible smoke plume from a
wood boiler under normal operation. Systems are
typically fully automated and available with
automatic ignition, thermostatic control; automatic
fuel feed and automated de-ashing systems.

The boilers feed the chips or pellets into the
combustion chamber at the required rate
(depending on load) using an auger which feeds
the fuel from the fuel store (typically located in a
bunker next to the boiler room).

Systems typically connect to the heating system of

the building in the normal manner using a ‘wet Automated  pellet boiler with

central heating system for heat distribution, integral pellet store
although other options are available for different
applications.

Some biomass boilers can run on both chips and pellets (not at the same time), some
systems also allow an oil burner fitting, offering more fuel flexibility.

Biomass boilers do require additional space for fuel storage compared with fossil fuel
systems. To provide the equivalent energy contained in 1m? of heating oil, 3.18m? of
wood pellets would be required and 12.17m?* of woodchips, this can be addressed by
optimising the fuel store size and schedule of fuel deliveries.

Access is also required for fuel deliveries, this is less crucial for pellets which can be
blown from a tanker but is an important issue for wood chip systems which require
chips to be tipped from a lorry.

Biomass Combined Heat and Power

Where there is an electrical load and heat demand there is potential for using a
Combined Heat and Power (CHP) system to generate electricity and heat from
biomass. These systems are ideal for an industrial estate where ‘process heat’ is
required or where there is a fairly constant large heat demand.

The use of CHP to generate electricity is much more efficient than conventional
electricity only systems as they utilise the heat which is produced as a by-product of
electricity generation, improving conversion efficiencies from around 30% to around
90% if all the heat is used.

There are a number of different technologies which are being developed
internationally by different companies. There are three different techniques for
thermo-conversion of biomass these are:



Gasifier technologies that heat biomass with a restricted air supply which
produces a gas. This product gas can then be burnt in an internal combustion
(IC) engine or a gas turbine.

Pyrolysis systems convert biomass into a bio-oil by heating it in the absence
of oxygen; this method has the added flexibility of allowing intermediate
storage and transportation before combustion. The bio-oil is then combusted
in an IC or turbine engine.

Combustion systems use standard combustion technologies which generate
electricity using a steam turbine and hot air turbines. These are tried and
tested technologies and therefore low risk compared to pyrolysis and
gasification plants.

There are currently very few small biomass CHP systems in operation in the UK; they
are not available on a scale suitable for a single home and are generally more suited
for groups of homes, commercial and industrial applications. There is a trend for
increased efficiency and economies of scale as the technologies are used at a larger
scale although there could be opportunities at specific sites for small scale systems
that could be in the 100kW, to 500kW, range that could be suitable for deployment in
some areas of the AONB.

System Outputs
The size of the systems varies depending on the type of technology:

Wood pellet stoves - Stoves are available in a range of sizes from small room
heaters to larger stoves with back boilers. The systems that are currently being
imported typically have a thermal output ranging from 5kW,, — 25kWy,. Most
systems can be turned down to an output of around 2kWy,.

Wood pellet and woodchip boilers - Woodfuel boilers are available in a much
wider range of sizes. The smallest domestic systems tend to be pellet-fuelled
and range from around 8kW upwards. Woodchip systems normally start at
slightly larger sizes and are available from around 17kW, upwards. Pellet and
woodchip boilers are also available at much larger scales which can provide over
1.5MW4y, of thermal heat.

Woodfuelled CHP — There are very few small scale, commercially available
systems currently on the market. The systems which are available currently vary
from 50kW. — several MW.. When sizing CHP systems care must be taken to
ensure that heat demand on the site is sufficiently high for the heat output of the
system. If heat demand on the site is not sufficiently large then heat will be
wasted affecting both the overall efficiency and the economic viability of the
project. As a result CHP is most suited to sites with high and fairly constant heat
loads.



System Costs
1. Capital costs

Pellet stoves — the cost of wood pellet stoves varies depending on the size,
manufacturer and type of system, the cost of a stove is also likely to be higher if the
stove has a back boiler. Wood pellet stoves tend to cost in the region of £2,000-
£4,000 installed.

Wood pellet and woodchip boilers — the cost of the boilers varies with the site and the
infrastructure in place. Domestic wood boilers might cost from £5000 for a pellet
boiler. Larger boilers for commercial, public and industrial buildings vary widely in
price but might typically be around twice the cost of a comparable fossil fuel system.

The cost of biomass CHP systems depends on a humber of variables including:

0 The type of technology

o Type and quality of feedstock being used, this can effect the drying and
processing equipment required.

0 Grid connection issues which include the distance to the local grid and any
work that may be required for the generator to connect.

0 Maturity of the particular technology being used

Indications of the capital cost of woodfuelled CHP are in the region of £2000-
£3000/kW,, this does vary with scale and smaller systems are likely to be at the
higher end of this scale and larger systems the lower end of the scale.



p/kWh

2. Energy Costs

The fuel costs for biomass systems are primarily affected by the price per tonne of
biomass fuel (e.g. wood chip); the graph below compares the cost of delivered heat
(in pence per Kilowatt hour — p/kWh) from wood pellets and woodchips with other
fossil fuel systems.

Figure 2

Note: p/kWh = unit cost of energy as shown on energy bills.

Costs of Heating Fuels
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Fuel type

Assumptions used in Figure 2

Wood chips at 25% moisture content and 1) £35/tonne 2) £50/tonne 3) £65/tonne
Wood pellets bulk at £130/tonne

Wood pellets bagged at £195/tonne (delivered)

All biomass systems are modern 90% efficient system s

Oil at 1) 30p/litre 2) 35p/litre

Mains gas at (1) 2.5p/kWh (2) 3.0pkWh

LPG at 39.2p/litre

Delivered heat based in LPG, Oil and Gas condensing boilers with standard 85%
efficiencies.

Night storage based on a night tariff of 4p/kwh (Sa Ikent Tables) efficiency 90%

Coal — Anthracite Nuts at £194.6/tonne. Room heater with back boiler at 70% efficiency

The energy cost from CHP will vary dramatically depending on the cost of the fuel
which is used and whether all the heat can be used effectively. There are also a
number of other operational costs which need to be accounted for including factors
such as labour and maintenance which will be higher than heat-only systems.




Impact of Applications of Biomass in the Cotswolds AONB

There are a significant number of domestic and commercial sites suitable for
biomass heating within the AONB. Small scale biomass heating is likely to be most
viable where the user is off the mains gas network and is using oil and in particular
LPG or electricity as a heating fuel. Larger scale biomass heating systems can now
compete with mains gas on fuel cost in some cases.

Biomass is a resource that has the potential to have a negative or positive impact on
the landscape of the Cotswolds AONB depending on how it is deployed.

There are a number of potential impacts on the AONB from biomass energy systems:

Vehicle movements — Additional traffic from delivery of biomass fuel to domestic
systems is unlikely to be significant for small domestic systems in the short term
compared with normal rural traffic levels and existing fuel deliveries (although
there may be increased frequency of deliveries due to lower energy density of
wood fuel in comparison to fossil fuels). Larger systems could have a more
noticeable impact. For example a 250kW, (small-medium scale) CHP system
would typically require around 1,500 tonnes of woodfuel a year which would
correspond to six 20-tonne lorry movements per week. The impact of this would
depend on the location within the AONB, transport infrastructure and where the
woodfuel was being sourced. The landscape sensitivity assessment carried out
by Land Use Consultants® suggested that “...the transport system of rural lanes is
largely unsuitable for lorry movements, although the presence of main roads on
lower ground provides scope for transportation of the crop”. It should be noted
that this study focussed on energy crops that are produced at a large scale and
are likely to be transported in large vehicles. Woodfuel produced from
management of existing woodlands and wood by-products can be transported in
small lorries or a tractor and trailer. Locations such as sawmills or other sites
producing clean wood waste could have a minimal transport impact®. It should be
noted that the majority of heating fuels in the area are currently already delivered
by road as the mains gas network is not available to much of the area.

Planting Energy Crops — Widespread planting of energy crops in the AONB
would have an impact on the landscape. The landscape sensitivity assessment
for biomass carried out by Land Use Consultants® states that “...on the high wold
plateaux, any biomass crops would alter the sense of openness of the plateaux.
There may be more opportunity for crops in the sheltered and enclosed valleys”.
There are techniques that can be used to reduce the visual impact of plantations
such as making the edges of plantations look natural, ensuring plantations are in-
scale with the landscape and shaped to follow the landform®. The Renewable
Energy Resource and Constraints Atlas (RERCA) shows that the yield from
miscanthus would be expected to be in the region of 15-17 oven dry
tonnesl/year/hectare for grade 1, 2, and 3 agricultural land in the AONB whilst
short rotation coppice might produce around 10 oven dry tonnes/year/hectare.
Miscanthus is a non-native species so biodiversity implications of its large scale
deployment should be considered. However it is a rhizome based crop which
reduces the risk of “volunteer” growth and Miscanthus becoming an invasive
crop.

3 British Biogen (1999) ‘Woodfuel from Forestry and  Arboriculture — Good Practice Guidelines’,

pg 6.
4 British Biogen (1999) ‘Short Rotation Coppice for  Energy Production — Good Practice

Guidelines’, pgs 15-19.
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Visual impact of biomass systems — Small scale or domestic boilers and pellet
stoves will have negligible visual impact within the AONB having small flues and
usually being installed within existing buildings. Larger CHP or heating plants
could have some visual impact associated with the housing for the plant and
taller flues; a 250kW, would have a similar physical size as a small barn®. Any
visual impact could be reduced by detailing construction of boiler houses and fuel
stores appropriately or using landscaping around the site such as planting trees
to screen the buildings.

Examples of wood fuelled district heating boiler ho uses and flues. These systems provide
heat to homes and public/commercial buildings and i ndicate the size of building
required for boiler and fuel store for systemsint  he 500kW to several megawatt size range.

There are benefits from using biomass in the AONB which include:

Woodland and forestry management — The sale of woodfuel can provide a new
source of income for management of previously under-managed woodland. This
could help to make woodland management for biodiversity more economically
viable. Where brash is being removed from woodland, suitable material should be
left on the ground so that fungi and invertebrates and wildlife which feed on them
are not affected. The “Touchwood” project in the Stroud Valleys is developing
local markets for local wood in order to support woodland management and
protect a local landscape characterised by small woodlands. The group has
shown an interest in promoting wood fuel to support these aims.

New economic opportunities — There could be a number of opportunities
associated with the development of biomass supply chains including:

o Opportunities for farmers and foresters to diversify into the production of
wood fuels from forestry or, where appropriate, energy crops.

0 Opportunities for coal and oil merchants to be involved in the local
delivery of wood fuels.

o There could also be local opportunities for builders and heating
contractors in the area to start installing biomass systems as this market
develops.

Improved biodiversity from energy crops® — It has been found that short rotation
coppice (SRC) of willow encourages higher levels of biodiversity compared with
arable crops. This has been attributed to a range of factors including: -

5 Royal Commission on Environmental Pollution (2004)  ‘Biomass as a Renewable Energy
Sources’ pg 17-19.
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o0 Increased cover provided by SRC compared to grassland or arable crops
and increased tolerance to weeds. This can provide an attractive
environment for small mammals, invertebrates and inspects; these can, in
turn, attract different species

o Birds which are ground nesting are attracted to SRC particularly after
harvesting or the first year cut back.

0 SRC can improve game bird prospects and pheasants are attracted to the
cover that is provided by well established SRC.

0 A SRC plantation can be in rotation for 15 or 20 years, this provides a
more stable and mature environment for wildlife compared with annual
crops.

Poplar appears to have less biodiversity benefit than willow SRC, but can tolerate
higher weed populations which can support birds and a range of invertebrates
including spiders, beetles and slugs. Poplar also supports more stable and
diverse plant species and less annual and invasive perennial species.

There is currently little data available on the biodiversity impacts of miscanthus,
although it would be expected to provide better cover and higher weed growth
combined with lower pesticide usage than arable crops. However, unlike willow, it
is not a native species.

It should be noted that the key issue affecting the net biodiversity impact of
energy crops is the previous use of the land. Although energy crops often have
the potential to improve biodiversity compared to arable crops significant negative
impacts are possible if important wildlife habitats (for example species rich
grassland) were replaced with energy crops. Guidance for farmers could be
provided by the Cotswold Conservation Board to encourage appropriate location
of energy crops.

CO; emissions reduction — significant CO, saving can be made from using
biomass heating to displace fossil fuelled heating systems as heating accounts
for a very significant proportion of UK energy use.

Future Short Term Development of Biomass Technology

There are currently only a small number of automated woodchip and pellet systems
installed in the Cotswold AONB. This is likely to be accelerated by increasing fossil
fuel costs and the development of local biomass supply, such as Gloucestershire
Wood Fuels Ltd which has been established to supply woodchip across
Gloucestershire.

These suppliers will provide high quality fuel and improve consumer confidence in
fuel supply. Local fuel supply will also reduce the transport costs and improve the
carbon budget associated with the longer transport distances of biomass.

Most domestic pellet stoves and woodchip boilers currently installed in the UK are
imported from Europe, although there are some larger commercial biomass systems
which are manufactured in the UK. There are a number of companies in the UK who
import and install systems and increasing numbers of local installers who are
contracted by these companies to install systems.

12



A UK company, Talbotts, are currently trialling a 100kW, and 150kWy, CHP system
which is based around a combustion system with a hot-air-turbine. An initial pilot
system has been installed at Harper Adams University College in Shropshire; the

success of this pilot system is expected to influence the future development of CHP
systems.
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1.2 Wind-power

This section focuses on small scale wind energy as the Cotswold Conservation
Board’s policy on wind energy indicates that large scale wind energy development
within the AONB would be inappropriate.

The principle of operation of small scale turbines is the same as larger scale turbines.
A wind turbine uses the wind to turn the turbines blades generating a mechanical
force which is used to generate electricity. There are also applications where wind
turbines can be used for pumping water. The amount of power that can be derived
from a wind turbine is dependant on two key aspects:

Wind speed - if the wind speed is doubled at site the power output from the
turbine increases by a factor of 8.

Swept area of the blade — the swept area of the wind turbine’s blades also dictate
how much power a wind turbine will generate, the greater the swept area the
more power a turbine will generate.

Technology description

There are a variety of small-scale wind turbines available on the market which range
from under 1kW, — 50kW,, some of these are stand-alone and more recently there
has been the development of building mounted systems.

Dimensions (see Figure 3) —

o] (A) The hub height is to the centre of the blades

o] (B) Rotor diameter is the diameter of the blades

o] (C) The Tip height is the maximum height of the turbine when the blade is
vertical.

The rated output is the electrical output at the rated wind speed.

Figure 3
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Below are some examples of different scale wind turbines® and shows the relative
physical dimensions, appearance and electrical output.

Renewable Devices - Swift

Type: building mounted
Rated output: 1.5kW (@ 10.5m/s)

Rotor Diameter: 2.0 m
Hub height: dependant on the building.
Tip height : dependant on the building.

Proven WT6000

Type: small free standing turbine
Rated output: 6kW (@ 12 m/s)

Rotor Diameter: 5.5m

Hub height: 9m or 15m (site dependent)

Tip height : 14.5m and 20.5m depending on mast
height

Gazelle
Type: School or small industrial
Rated output : 20kW

Rotor Diameter: 11m
Hub height: 14.5m
Tip height : 18.25m

The blades are carefully designed to maximise efficiency and reduce noise, particular
care has been taken to ensure that building mounted turbines are quiet in their
operation. Larger turbines tend to rotate more slowly than small turbines which have
much higher blade rotation speeds.

6 SWEA do not recommend any particular companies or systems, examples serve as an
illustration of the type of suitable systems only i  nformation provided based on the
manufacturers specifications.
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Small scale turbines require a suitably exposed position away from other buildings
and trees so that the turbine is not affected by turbulence which will reduce the power
output and potentially shorten the turbines lifespan. Building mounted systems are
required to be above the roof pitch by a suitable amount to minimise turbulence
effects.

The lifespan of a wind turbine will vary depending on the product and manufacturer
but typically the life time of a wind turbine would be expected to be in the range of 10-
20 years.

Systems are normally connected to the local electrical distribution network so that
energy can be exported or imported as required. Wind systems can also be operated
with battery storage systems.

Alternative wind turbine designs are available but are currently much less common.
Whilst the majority of wind turbines are “horizontal axis” a number of “vertical axis”
small scale wind turbines are becoming available. Constraints and opportunities for
these designs are similar to those arising for horizontal axis turbines, with the main
difference being appearance (for example one system has a double helix shape).
Horizontal axis wind turbines are being developed with a cowling around the turbine
to funnel the wind through and increase energy output. These systems are not
commonly deployed yet, the key issue being whether the additional cost of adding a
cowling is offset by the additional energy output gained.

These designs are currently quite uncommon but progress should be monitored to
ensure that appropriate policies are in place should these technologies become more
widespread.

System Outputs '

System outputs vary depending on the wind speed, turbine design and size of the
turbine. Table 2 compares the output some of the products approved under the
government funded Low Carbon Building Programme (LCBP).

Rated output Annqal Annl_JaI
Product (kW) generation at generation at
© 5m/s (kwh) 7m/s (Kwh)
Air-x 0.4 250 446
D400 0.4 462 700
Stealthgen
Proven WT600 0.6 1,095 2,190
Swift 15 1,577 2,627
Iskra AT5-1 5 9,034 17,466
Proven WT6000 6 8,760 17,494

Table 1: Outputs from wind turbines currently approved by the LCBP grant
scheme at different wind speeds.

Note: The figures in this table are indicative only and are based on information from
the manufacturers. Output will vary significantly depending on the average wind
speed.

"Eco-Schools — Nottingham Energy Partnership (2006)  ‘Wind Turbine Project’
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The 20kW Gazelle wind turbine shown in the previous section would have an output
of around 60,000 kWh/year at an average wind speed of 6.5 m/s according to the
manufacturers.

System Costs °

The system costs of the wind turbines vary depending on the type and the size of the
system. Building-integrated systems don’t require the foundations and tower that
stand-alone systems require which often makes them cheaper on an installation
basis, however when compared on a £/kW basis the larger turbines are cheaper, this
is also reflected in the energy generation and simple payback with the larger turbine
having shorter payback periods.

Building integrated turbines are currently available at a range of different prices from
£1,575 - £8,425 (including VAT), the specific capital costs of the system vary from
1,575 - 10,481 £/kW. This seemingly large range of capital cost is due to the early
stage of development of the building integrated wind turbine market and also some
installers have been able to subsidise their products by forming partnerships with
utility companies.

The stand-alone systems in the 5-6kW range typically have installed capital costs in
the order of £20,000 — £23,000, with a specific capital cost in the region of 3,800 -
4,000 £/kKW.

Impact of applications of Wind Power in the
AONB

The Cotswolds AONB is likely to have areas with
good wind resources due to the exposed locations
that exist on the elevated plateau that constitutes
much of AONB. The Renewable Energy Resource
and Constraints Atlas (RERCA) shows that wind
speeds at a height of 65m above ground level for
much of the AONB are high enough to support
commercial wind turbines. There are a number of
factors that need to be considered:

Visual impact — this is the key issue concerning

wind turbines. It is clear that large wind turbines

would have a visual impact on the AONB which

would vary depending on location. Small wind

turbines have a much smaller visual impact than

larger commercial machines, but it should be recognised that they will still be
visible (at a much more local level). Wind turbines as a function of their operation
need to be situated in exposed windy locations, this often means that they are
visible; they can not be screened behind trees and need to be above the roof line
if building mounted to operate effectively. The Cotswold AONB Landscape
Character Assessment provides further information that can be used in assessing
the landscape impact of potential projects.

8 Eco-Schools — Nottingham Energy Partnership (2006)  ‘Wind Turbine Project’
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Flora and fauna — small scale wind turbine are unlikely to have a significant affect
on wildlife. A number of studies have been carried out on larger developments
including a bird study by the RSPB which found that UK wind turbines have no
measurable effect on bird mortality®. It has been found that any effects are likely
to be negligible compared with other causes of bird mortality, the British Trust for
Ornithology has recently estimated that 33 million birds are killed every year
following collision with windows™.

Concern was expressed in the PDK10 that bridleways use could be affected and
horses startled. Horses can be frightened by a variety of natural features, SWEA
have not found any supporting evidence that wind turbines startle horses
anymore than other features in the natural environment. There are also a number
of wind farms which have equestrian activities carried out close by with no
reported problems. The British Wind Energy Association (BWEA) and the British
Horse Society have been working together to develop guidelines for both riders
and wind energy developers.

CO, emissions - wind turbines do not generate CO, in there operation. A small
scale wind turbine would be expected to offset the amount of CO, used in its
construction within approximately 12 months of operation.

Noise — Small turbines are unlikely to cause nuisance if sited correctly.

Interference — TV signal interference is typically avoided by careful planning with
larger developments, a small scale wind turbine is however unlikely to cause any
interference issues.

The rotation of wind turbines can cause “shadow flicker” within the immediate
area as the shadow of the turbine blades pass. This is usually modelled for larger
scale wind energy developments to ensure that the turbine is sited far enough
from domestic properties to avoid inconveniencing local residents. Smaller scale
wind turbines will not cast a long shadow so this is unlikely to be a significant
issue as long as it is considered at the system design stage.

Future Short Term Development of Wind Power Technol  ogy

There are a number of well established installers and manufacturers of small scale
wind turbines in the UK.

Recently there has been particular interest in the development of building mounted
wind turbines. These technologies are still relatively new so their performance in
different wind conditions and micro climates is not yet well documented. Monitoring of
roof mounted wind turbines in a variety of locations is currently under way.
Depending on the outcome of this roof mounted wind turbines could become much
more common, due in particular to their cost.

A number of the companies producing building mounted wind turbines are working in
partnership with utility companies to increase uptake. Several systems are available
at a cost of around £1,500-£3000. Combined with the marketing capability of the
energy utilities this is likely to increase the uptake of these small scale systems.

9 WWF-UK (August 2003) [Online] ‘Policy Position on  Wind Power’ available at
www.wwi.org.uk/filelibrary/pdf/  wind powerposition.pdf  [Accessed March 2006]

10 Department of Trade and Industry [Online] ‘It's on ly Natural’ website, available at
www.dti.gov.uk/renewables/renew_8.htm - [Accessed March 2006]
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1.3 Solar Photovoltaic (PV)

Technology description

Solar Photovoltaics (PV) generate electricity from daylight. PV systems are normally
sized according to energy requirements; they have a huge range of applications
(from road signage to powering factories).

PV is available in a wide range of finishes that allow systems to be integrated into
buildings. Building integrated PV systems include; solar tiles, modules, shingles and
flexible modules integrated into cladding or roofing materials. These technologies
have a dual function as both a weather proof surface and electrical generation
system.

Many of the building integrated technologies are most cost effectively integrated on
new buildings or refurbishments. Building integrated systems can be retro-fitted
although this does require the removal of the existing roofing material which can add
to the cost of the project.

Most PV systems are connected to the local electricity distribution network were
connection is available allowing energy to be imported and exported as required. PV
can be used in conjunction with battery storage and this is often used for road
signage where small amounts of power are required and there is no mains electricity
supply available.

PV is low maintenance technology and has no moving parts; the inverter (which
converts the Direct Current into Alternating Current) is typically the component in the
PV system which would require replacing over the lifetime of the system. Most PV
systems have guaranteed electrical output over 25 years after which the electrical
performance may decrease.
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System Outputs
Table 2 ** below shows some of the different types of PV that are currently available.

PV Type Appearance Efficiency at Efficiency in Roof Area required Electricity
Standard Test Overcast (m?2) for 1kWp Generation
Conditions 12: conditions: from a 1kWp
system
. - 2
Good Modular: 15-16m
Thin Film Excellent Building integrated 800 kWh
190 uilding i :
8-12% 23-25 m?
Modular: 8m 2
Very good Building integrated:
Polycrystalline Good 10m 750 kWh
14 - 15%
10-30m2for glass
laminates
Modular: 7m 2
Very good Building integrated:
Mono-
. Good 10m 750 kWh
crystalline
16 -17%
8-30m2for glass
laminates
. - 2
Excellent Modular: 6.5 -7m
Hybrid Excellent Building int ted: 900 kWh
18 - 19% uilding :]r}:gra ed:

Table 2: Compa rison of diffe rent PV technologi es

This table also shows the efficiency of the different types of PV, at first glance they
may appear low but as the suns energy is free the efficiency is less important
compared with a biomass or fossil fuelled systems where the fuel must be
purchased.

The annual generation varies with the type of PV and it can be seen that the hybrid
technology has the highest energy capture.

As indicated previously PV can be sized according to demand, the physical
dimensions of the system will depend on the technology used this is depicted in table
3. It can be seen that the area required to provide 1kW, varies from 6.5 — 25m?
depending on the technology, this is affected by the type of PV used and if it is a

modular, building integrated or a laminate system.

11 Data from Solar Century
12.3TC are standard test conditions: 25 °C, light intensity of 1000W/m 2, air mass = 1.5

20



The pictures below demonstrate some of the different systems that are available:

(1) Solar Shingles — shingles are a thin film technology, they have an appearance
similar to that of tiles. The shingles are integrated into the roof surface providing a
weather proof surface.

(2) Monocystaline PV roof integrated system — this is an example of a modular
system which has been integrated into the roof surface, these can also be mounted
in fames above the roof surface.

(3) Solar slates — Solar slates are installed in a similar way to conventional tiles or
slates and are fixed to the battens of the roof and provide a similar aesthetic
appearance to a traditional roofing material. These are usually a modular system
using monocrystalline or polycrystalline PV

(4) PV glass laminates — PV can also be encapsulated into glass to provide glass

laminates, these can be used in a verity of locations. The spacing of the cells
adjusted to allow differing amounts of light to pass through the laminate.
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System Costs

System costs vary depending on the type of the systems. The costs also vary
depending on whether the PV system is roof integrated or frame mounted; there will
also be cost benefits for new build or circumstances where costs such as scaffolding
can be shared. Typically a 1 kW, of PV would be expected to cost in the region of
£8,000 - £15,000 installed, The cheaper end of the scale representing modular frame
mounted systems and the more expensive end of the range the roof integrated
technologies such as the solar shingles or solar slates.

Impact of applications of Photovoltaics in the AONB

PV could be used in a wide range of applications in the AONB and is a flexible
technology which offers number of benefits:

Visual impact — PV generally has a low impact and using building integrated PV
technologies can mean that the visual impact of a PV system is negligible. There
may be constraints on the application of PV within Cotswolds AONB particularly
within conservation areas and on listed buildings. In these cases reference
should be made to the Cotswold Conservation Boards local distinctiveness
report.

There is a need to develop exemplars of
sensitive integration of PV into buildings
within the AONB. A good example of this is
the solar shingle roof installed at the
Brockweir and Hewlesfield Community
Shop in the Wye Valley AONB (shown
right); although in a highly visible location
this is often overlooked as being a PV roof.

CO; emissions — PV does not produce any CO, during its operation.

Versatility — PV has a wide range of applications and is easily integrated at a
range of sites. PV should be located in a position which is not shaded, the
highest level of energy capture will depend on the exact location of the site, but
typically in the UK is found on a south facing roof and inclination of around 30-40°
to the horizontal. The Cotswold vernacular tends toward 50-60°, however this is
not a significant constraint as output for a south facing system only drops by 5 -
10% from the theoretical maximum as a result of installation at 50-60°. This is
illustrated in the figure 4.
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Figure 4: Effect of angle of tilt and orientation o n solar output.

Future Short Term Development of Photovoltaic Techn  ology

In the long term PV has great potential to make a significant contribution to energy
supply as it can be easily integrated into south facing roofs or facades. It can be
expected that the general trend of reduction in the cost of PV will continue into the
long term. In the short term increased demand has resulted in a slight increase in the
cost of PV which may continue for several years until planned new manufacturing
capacity is operational. This is a short term issue consistent with the standard “supply
and demand” model of technology development. Factors that are most likely to
decrease costs in the longer term are:
- economies of scale from larger scale production
reduced dependence on silicon as a raw material by using non-silicon based
systems.
increased familiarity with the technology within the construction industry
increasing fossil fuel prices (as with all the other renewable energy technologies)

Current estimates suggest that PV may become competitive with grid connected
electricity on an economic basis (without grant funding) after 2020. However this
could be brought forward by introduction of government support schemes, continued
increases in fossil fuel prices or increased consumer demand.
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1.4 Solar Water Heating

Solar water heating systems are designed to heat water using the suns energy. They
are normally integrated with a conventional boiler system in order to deliver year-
round hot water; it is not normally used for space heating (although such systems are
available).

They produce low levels carbon emissions during operation; resulting from the
electricity consumption of pumping of the heat transfer fluid around the system.
There are ways that these emissions from this ‘parasitic’ energy consumption can be
eliminated: -
‘Green tariff’ electricity can be used which is sourced from renewable sources of
energy.
Solar water heating systems can be fitted with small PV panels which are used to
power the pump.
In some situations thermo siphon systems can be used, these don't require a
pump and the water circulates by convection once the required temperature
difference has been reached.

Technology description

Solar water heaters collect the suns energy
using the solar collector which transfers this
heat to the water heating system. Most
systems use an intermediate heat transfer
fluid to transfer the heat into a hot water tank
(see diagram), although there are systems
which pass the system water directly through
the collector.

Solar water heating systems can be used
with a “combi” boiler (providing instant hot
water) if the boiler can accept a “hot feed”.

Figure 5: A typical solar water heating system

There are number of different solar thermal systems that are available on the market,
there are 3 main types of solar water heating systems: -

Evacuated tube systems — these have higher collector efficiencies, which is
generally most noticeable on spring and autumnal days, however evacuated
tube systems are normally more expensive than flat plat collectors.

Flat plate collectors — these are available with and without selective surfaces.
Selective surfaces are good at absorbing energy and do not radiate much
energy back to the atmosphere. Flat plate collectors are typically more robust
and likely to withstand ‘impacts’ and are therefore less vulnerable to
vandalism.

Plastic unglazed collectors - these are predominately used in swimming pool
systems where lower water temperatures are required.
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Evacuated tube collector Flat plate collector

The physical size of a the solar system will vary depending on the hot water
requirement, typically a collector area of 2-4m? is suitable for a family of four.

Solar water heating works best in an un-shaded position with an orientation between
South East and South West, systems are commonly roof mounted, however other
suitable locations can be used.

The running costs of a solar water system are low; a system will potentially need a
pump replacement (possibly after 10 - 15 years, similar to a conventional heating
system pump replacement regime) and the system fluid will require replacing.
Typically a solar water heating system would be expected to have a lifespan of
around 25 years although there are systems in operation that are older than this.

System Outputs

A solar water heating system is normally sized based on the hot water demand at
particular site. The amount of hot water delivered over the course of the year will
depend on the consumption patterns at a particular site. A typical domestic solar
water heating system would be expected to provide between 50-60% of the hot water
demand, providing the majority hot water requirements in the summer and providing
a pre-heat at other times of the year.

System Costs

The cost of a solar water heating system will vary depending on the type of system (flat
plate or evacuated tube) used and also number of collectors that are required for the heat
load. Typically the cost of installing a solar water heating system into an existing
home is priced in the range of £2,500 to £4,000.

Impact of applications of Solar Thermal in the AONB

There are likely to be significant number of homes in the AONB that could benefit
from the installation of solar thermal systems.

Visual Impact — the visual impact of domestic solar water heating system is
limited, they are typically roof mounted so are visible, most system are unlikely to
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break the roof line of the building when installed in the domestic situation. As for
PV, there may be constraints on solar water heating due to building conservation
issues, particularly in conservation areas and on listed buildings.

CO; reductions — There are CO, saving that can be made from the displacement
of fossil fuel which would otherwise be used to heat the water. The maximum
CO; savings are made if the parasitic electricity demand can be reduced by using
a green tariff or a PV power circulation pump.

Future Short Term Development of Solar Thermal Tech  nology

Solar water heating is relatively mature technology. As can be seen in Table 1 on
page 5, solar water heating has the highest market penetration of all the
microgeneration technologies.

The solar water heating market has the highest number of installers and

manufacturers compared with other technologies. There are a number of local
installers that provide survey and installation services.
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1.5 Hydro-power

Micro-hydro power uses the momentum of falling water to turn a water turbine and
generate mechanical force which is used to generate electricity. The important
factors in the power that can be generated from a site are the flow rate of water and
the vertical drop that the water experiences, known as the ‘head’. Hydro systems are
typically classified by the head of the system: -

Low head - under 10m
Medium head - 10 - 50m
High head — over 50m

The head available at the site will influence the specific equipment that is used at the
site. The electrical generation typically will vary throughout the year and annually
depending on the amount of rainfall, but normally there is a high level of
predictability.

Technology description

The equipment in a hydro system differs depending primarily on the head available at
the site and generally affects the type of turbine that is specified for the site. There
are normally however key elements that are common for all hydro sites:

Figure 6: Key components of a typical micro-
hydro syster

The intake removes water from a head pond or a weir in the water course; this is
typically screened to prevent debris and fish entering the penstock. Medium to
high head systems often have a leat will carry the water from the intake to settling
tank before entering the penstock.

The pressure pipe or the penstock conveys the water to the turbine.

The turbine house contains the turbine, generator and electrical control
equipment.

The tailrace returns the water to the main watercourse.

Transmission or energy storage , the energy is then stored, used or transmitted
on the local electrical distribution network.
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There is normally a moderate level of civil works that are required when installing
micro-hydro system which include the turbine house, leats, the tailrace and
installation of the penstock, these can incur high capital costs which are normally
offset by the length of the project.

Mill sites can provide opportunities for
development of low head hydro sites and
often have the advantage of a significant
amount of the infrastructure already in place,
mill sites can also utilise waterwheels or
modern  turbines can be installed.
Waterwheels do require more gearing to
provide the higher speeds required by the
generator compared with the low speed high
torque output from the waterwheel, they are
also typically less efficient than modern low

A potential low head hydro power head turbines but require less screening than
site, where existing structures could modern turbines.

be used for the installation

Hydro systems are durable and the civil works can last up to 100 years whilst the
generator and turbines typically need replacing after 30-40 years.

Typically there are a number of permissions that are required to install and operate a
micro-hydro power system these include:

Planning permission from the local authority
An Abstraction Licence to removed the water temporarily from the river
A “works in rivers” consent.

Securing these permissions can act as a constraint on the deployment of hydro
power.

System Outputs

The system output will depend on the specific site and the head and flow that are
available. For low head sites such as mill sites the system output might be between
5-75kW depending on the size of the watercourse.

The annual electrical generation of a system will depend on the flow rate over the
course of the year (the Flow Duration Curve); this can be modelled using computer
software to estimate the amount of electricity that will be generated per annum. This
would normally be done as part of the feasibility/design study which is normally
carried out as an initial part of the development of a hydro power project.

System Costs
Similarly the cost of a hydro system is very site specific and a hydro system has to be

engineered specifically for the site. High head sites are generally cheaper than low
head sites and it is preferable to have more head rather than high flow.
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From past experience of the projects that SWEA has been involved with the
development the capital cost of installed system has typically ranged between £2,100
— £17,500 per kW installed. This large range is mainly dependant on the civil works
and infrastructure that is already in place.

Impact of applications of Micro-hydro in the AONB

Hydro power is a technology which is very site specific and the resource is limited to
sites where there is sufficient head and flows of water. There are likely to be some
medium to high head sites towards the edge of the Cotswold plateau, there are also
likely to be mill sites in the area where low head hydro systems could be installed.

Hydro is likely to be a technology that can be assimilated into the AONB and has a
number of benefits: -

Visual impact - Micro-hydro power has a low visual impact, penstocks can be
buried and the turbine house constructed from materials in-keeping with the local
area. Landscaping and trees can also be used to soften the impact of a
development.

Flora and fauna — Micro-hydro doesn’t have a significant effect of wildlife or
fauna, the environmental impact associated with construction and possible
alterations to the river should be minimal for a well designed system.

Fish screens prevent fish from entering the system to avoid injury to aquatic life;
fish ladders are installed where required. The abstraction licence sets the amount
of water that must remain in the watercourse and consequently the amount that
many be removed and passed through the turbine, this also includes an
assessment of the impact of removing the water from the depleted region (region
of the watercourse where the water has been diverted through the turbine) of the
watercourse.

Hydro system can also improve the aeration of the water and improved the water
quality in the watercourse.

CO; emission reduction — micro-hydro power does not cause any CO, emissions
during operation.

Renewal of historic sites — hydro power can bring historic mill sites back into use

and help protect the historic hydro power infrastructure at these sites by making
continued use of the water resource at the sites.
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Future Short Term Development of Micro-hydro Techno  logy

There are currently a number of micro-hydro
installers and turbine manufacturers in the UK.
There have been an increasing number of micro-
hydro power systems being developed in the last
few years. An example of one project is the South
Somerset Mills project which assessed the hydro
potential and implemented hydro system in 12
former mill sites in Somerset.

Hydrogeneration Ltd has been developing a low
cost polymer turbine which is currently being
tested at a number of sites; this turbine would be
suitable for low head sites and could bring down
the cost of installations at low head sites such as
old mills.

Gants Mill, the first Somerset mill site to have
a micro-hydro system installed in 2004

As there is a limited number of sites which can be exploited in the UK it is unlikely
that there will be a significant drop in cost from mass production of components.
Although increases in the cost of electricity combined with the longevity of micro-
hydro systems could make a wider range of sites financially viable.
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1.6 Heat Pumps

Heat pump technology harnesses
renewable energy by extracting heat from
low temperature sources such the air,
ground or water. They upgrade this heat
to a higher temperature which can be
used for space and water heating. As
heat pumps extract free heat from the
environment they can provide an
economic alternative to fossil fuel heating
systems. Heat pumps can also be
operated in a reverse mode to provide
cooling with certain heating systems.

Figure 7: Heat pump operation

Heat pumps use electricity in their operation, therefore there is potential for CO,
emissions during operation. These emissions are less than equivalent fossil fuel
technologies due to the harnessing of energy from the environment. The emissions
from a heat pump can be eliminated by the use of green electricity from a renewable
energy source.

Technology Description

Heat pumps have a similar appearance to conventional oil or gas boilers and are
mature reliable technology. Heat pumps work best when the temperature of the heat
released is low, this makes heat pumps ideal for heating with wall, underfloor and low
temperature radiator systems (making them idea for new buildings). Heat pumps can
also be retrofitted by using various systems, one way to do this is to use the heat
pump as a base load and boost the temperature when required.

Heat pumps can extract heat from a variety of different sources: -

Air sources — are one of the cheapest options, but are not so efficient in the
winter due to the low air temperatures.

Ground source — the heat is absorbed from the ground via a ground loop; these
can either be horizontal ground collectors or vertical bore holes. Bore holes make
systems more expensive, where the horizontal collectors require more area for
the loop to be laid. The area required for a horizontal collector is normally
equivalent to the area that you are trying to heat. Ground source heat pumps
produce more useful heat all year round due to the stable temperature of the
ground.

Vertical Bore Hols Horizontal Ground Loop

13 Pictures taken from www.groundheat.com
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Water Source — The heat source can also be from a lake or river. This can use a
similar loop to the ground source which is put in a lake or can be an open system
where the water actually passes through the heat pump (the water needs to be
filtered in this case).

Water Source heat pump loop

Heat pumps are a low maintenance technology and typically the heat pump would be
expected to have a lifetime of around 20-25 years. The collectors used in ground and
water systems are typically medium or high density polyethylene this is the same
material used in gas and water mains, this has lifetime of around 125 years.

System Outputs

Heat pumps systems are specifically designed to meet the heat load of the building
and will vary depending on the type of construction and levels of insulation. Heat
pumps are typically sized to meet all the space heating requirements of a building.

System Costs
1. Capital Costs

The cost of a system will vary depending on a number of factors including:

The size of the system

The type of heat pump system, water source, air source or ground source.

Grid connection available, single or three phase

Cost will vary depending on whether the heat pump provide space and water
heating or only space heating

If system being installed as part of a new build project or refurbishment.

For a ground source heat pump the system cost will be affected depending on
whether a borehole or horizontal collector is being used.

2. Energy Costs

The cost of running a heat pump is primarily the electricity costs to run the
compressor that powers the system (maintenance is very low). Although electricity
costs are high, heat pumps typically have a coefficient of performance of 3 to 4
meaning that each unit of electricity produces 3-4 units of heat. This gives running
costs comparable to, or slightly less than, gas central heating.
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Impact of application of Ground Source Heat Pumps i n the AONB

There could be a number of sites that could exploit the use of heat pumps in the
AONB. There are some constraints in terms of locations for heat pumps and some
sites may not be suitable for a heat pump installation. In addition, many systems run
on a 3 phase electrical supply and the systems which are available on single phase
supply are typically more expensive.

The key benefits of development heat pumps within the AONB are:

Visual impact — Heat pumps have very little visual impact and it is difficult to
detect the use of a ground or water source heat pump by the untrained eye.

Affordable heating — Heat pumps can provide a low maintenance and economic
source of heating and help tackle fuel poverty.

Reductions in CO, emissions — Heat pumps can provide substantial CO, saving
compared with the fossil fuel heating systems. If a green tariff electricity supply is
used heat pumps can provide a zero carbon heating solution.

Future Short Term Development of Ground Source Heat Pump Technology

Heat pumps are a well established technology in many countries across the world but
have, until recently been slow to develop as a heating technology in the UK. In recent
years a considerable number of heat pumps have been installed in the UK following
government grant support and greater awareness of the technology. There are still
relatively few companies marketing heat pumps in the UK but this is likely to
increase.

Heat pumps are already a relatively low cost source of renewable heating, especially
in new build properties. There may be a significant increase in the uptake of this
technology in the next few years as developers realise that it can be a relatively cost
effective solution in off-gas locations.
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1.7 Anaerobic Digestion

Anaerobic digesters are used in a range of application to treat organic waste which
has high moisture content. An anaerobic digester creates conditions that encourage
organic matter to breakdown by bacteria in the absence of air. Using anaerobic
digestion (AD) can provide an effective way to turn residues from livestock farming
and food processing into: -

Biogas — typically has a methane content of 65-70% and can be burnt to
generate heat and electricity.

Digestate - this can be used as a fertiliser, it can also be centrifuged to separate
into a liquid and fibre.

Anaerobic digestion takes place in a warmed, sealed container (the digester), which
contains no air; this creates the ideal conditions for bacteria to digest the organic
material converting organic carbon into methane. To create biogas the container
needs to be warmed and mixed thoroughly. In the UK systems typically use
Mesophilic digestion, this requires the digester to be heated to 30-35°C, depending
on the feedstock and type of digester the feedstock remains in the digester for a
period of 0.5 — 30 days.

During the process 30-60% of the digestible solid are converted to biogas. The
biogas can be burnt in a conventional boiler to heat nearby buildings. The gas can
even be used to power equipment or vehicles. Alternatively the gas could be burnt to
generate electricity, if generating electricity a combined heat and power unit could be
used with heat from the unit being used to heat the digester in addition to space or
water heating.

Anaerobic digesters do produce CO, emissions from the combustion of the methane
produced. Methane as a greenhouse gas is 21 times more potent than CO,, so
turning methane into CO, leads to a significant reduction in climate change impact.

Technology Description

There are a number of different types of digesters available; these vary from smaller
systems to larger centralised anaerobic digesters (CAD). Systems also vary from
batch digesters which digest feedstock in a batch or continuous system which
process the feedstock in a continuous process.

The specific digester used will
depend on the waste being treated
and the amount of solids in the
waste. Most farm systems which
digest farm waste are Stirred Tank
Reactors (STR’s) these are also
generally the most bacterially
robust type of digester.

There area number of system
available from portable batch
digesters to system which are
continuous system and remain in
situ on the farm.

An on -farm anaerobic digester
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Anaerobic digestion systems do require maintenance and have a range of different
bacteria that work together to breakdown the organic material. In order for a digester
to work effectively pH and temperature must be carefully controlled. To maintain a
healthy digester a system requires daily attention.

System Outputs

The system output will be dependant on the type and amount of feedstock that is

available. Table 4 shows typical gas yields from different types of animal slurry.

Feedstock Number of Animals to Dry Matter Biogas yield Energy available
produce a tonne/day Content M3per tonne of from the gas.
of slurry manure (MJ/m 3)
Cattle Slurry 20-40 12% 25 23 -25
Pig Slurry 250 — 300 9% 26 21 -25
Poultry Slurry 8000 - 9000 30% 90 - 150 23-27

Table 3: Different energy yiel sd from d ifferent animal slurr y sources .

An anaerobic digester is sized based on the amount of feedstock and the residence
time that is required to process the type of feedstock. An example of a likely system
for a farm can be seen in the Table 5:

Digester Size 300m° digester

Feedstock Feedstock: 150 head of dairy cattle, calf house cleanings, waste
silage, silage effluent and grass mowing

Operation 100% over winter months, 50% over summer months

Winter output Energy - 30-35kW, electricity and 30kWy, of heat available. This

correlates to about 120,000kWh of both heat and electricity over
the 6-month winter period

Liquid fertiliser — 2500 gals/day (75% of the nitrogen is
immediately available)

Fibre — 2-3 tonnes/day.

Summer output 50% of winter output.

Table 4: An example of a farm digester

System Costs
Capital Costs

The system costs of AD system vary depending on the size and type of system and
also the feedstock which is to be digested. The capital cost of the digester outlined in
the example in Table 5 would be in the cost in the region £147,000.

Operational Costs and Revenues

Most anaerobic digestion systems are most cost effective when approached on a
waste management basis. There can be useful additional income from taking
compostible municipal waste which would otherwise to subject to financial penalties if
landfilled. Any electricity generated from biogas is eligible for renewable obligation
certificates. The wholesale base load electricity price is currently approximately
5p/kWh and ROC's certificates are trading at 4p/kWh, therefore income from 6
months winter electricity generation of 120,000 kWh in the example above would be
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£10,800, hence gate fees and sale of heat would be required to meet interest
charges, salaries and operational costs.

Impact of applications of Anaerobic Digestion in th e AONB

There are likely to be limited sites where anaerobic digestion can be used in the
AONB, most applications are likely to be for farm wastes although there could be
opportunities for food producers or the putresible fraction of municipal waste to be
digested.

There are a number of issues which need to be considered when evaluating the
viability of a scheme™:
- Type and quality of the feedstock and the security of supply.
Sustainable use for the liquor
Sustainable use for the fibre.
Uses for the biogas as heat or heat and electricity
The size and location of the plant and whether it is to be connected to the
electricity grid (distance of the grid connection should be considered and cost).
Transport cost and logistics for the organic waste and the number of lorry
movements required.

There are several environmental benefits and potential problems that can be
highlighted from a potential scheme the main issues are outlined bellow.

Reduction in greenhouse gasses - Methane is a greenhouse gas and is released
into the atmosphere by current slurry disposal methods. The methane released
by AD is burned releasing CO,. This is a much less potent greenhouse gas than
methane so the overall contribution to the enhanced greenhouse effect is
reduced. Using AD as a source of energy can displace the energy used that is
produced by fossil fuels.

Recycling nutrients - Use of AD can recycle nutrients if they are used as
fertilisers reducing the requirements for synthetic fertilisers.

Reducing water and land pollution - Poor disposal of animal slurries can lead to
the pollution of land and ground water. Using AD can reduce the risk of this
occurring.

Reducing demand for Peat — Using the fibre produce by the AD systems as a soil
conditioner can in some cases be an alternative for peat. Peat extraction can
cause major environmental damage.

Reducing odour — AD can remove 80% of the odour from farm slurries and food
residues.

Potential emissions — AD uses organic waste so needs good management to
avoid the release of harmful effluents or transmission of animal diseases.

Traffic movements — AD systems need to be located near the source of organic
waste to minimise transport requirements. This is typically less likely to be an

14 British Biogen (1999) ‘Anaerobic Digestion of Farm  and Food Processing Residues’ - Good
Practice Guidelines
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issue for on-farm digesters and more of an issue for CAD digested or systems
processing municipal waste.

Noise — AD projects can generate some noise, from pumps and compressors.
However plant can be designed to minimise noise levels and a system located
on a farm would be unlikely to generate significant noise over and above other
agricultural activities. It is also likely that the site will be remote from residential
areas.

Visual impact — larger AD systems may have some visual impact, although
digester tanks can normally be sunk in to the ground to lower the profile of the
plant.

Building and plant equipment is likely to have a similar appearance to farm
buildings and structures. Landscaping and tree can also be used to help screen
an anaerobic digestion plant.

Future Short Term Development of Anaerobic Digestio n Technology

There are a number of areas of legislation which could mean that anaerobic digestion
(AD) becomes more viable, these include:

Landfill Directive 99/31/EC — The main implication for anaerobic digestion is
that the amount of biodegradable waste being sent to landfill decreases. This
directive aims to reduce biodegradable municipal waste sent to landfill by
75%, 50% and 35% of that produced in 1995, by 2010, 2013 and 2020
respectively.

In real terms under a business as usual scenario the County Council would
have to find an additional £225 m by 2020. The target they have been
allocated is to reduce biodegradable waste going into landfill by 100,000
tonnes over 15 years pay a fine of £150/tonne or buy certificates to meet the
reduction quota from other Local Authorities who have performed better than
their targets. In actual terms it is from 160,000 tonnes in 2005 down to 50,000
tonnes of biodegradable waste in Gloucestershire into landfill by 2020.

Animal By-products regulation (1774/2002) has significant implications for
AD; it will require the treatment of some organic wastes that are currently
spread directly onto land. This could promote greater use of AD but will also
place additional requirements on the treatment of some organic waste that
could be used in AD.
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