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Figure 23 Scenario map for 2010 indicating feedstock supply areas for bioenergy
facilities and how these relate to current water stressed areas. Base map supplied by
the Environment Agency.
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Figure 24 Scenario map for 2010 indicating feedstock supply areas for all biofuel
facilities and how these relate to current water stressed areas. Base map supplied by
the Environment Agency.
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Figure 25 Scenario map for 2010 indicating feedstock supply areas for all bioenergy
facilities and how these relate to rivers with current nitrate issues. Base map supplied
by the Environment Agency.
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Figure 26 Scenario map for 2010 indicating feedstock supply areas for all biofuel
facilities and how these relate to rivers with current nitrate issues. Base map supplied
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Figure 27 Scenario map for 2010 indicating feedstock supply areas for all bioenergy
facilities and how these relate to rivers with current ammonium issues. Base map
supplied by the Environment Agency.

52 Science Report — Bioenergy Review — Mapping Work



Teeside

(7

«
«

<= Sugarbeet Plants

Biodiesel Plants

O e

Bioethanol Plants

-_: Bioethanol - 5% domestic

1 __:I Bioethanol - 10% domestic

|:| Bioethanol - 25% domestic
Sugarbeet - 100% Domestic

-_-_-_: Biodiesel - 5% domestic

| Biodiesel - 10% domestic

|-
[ siodiesel - 25% domestic
River Water Body Catchments
Ammonia

B At risk
- Probably at risk
|:| Probably not at risk

|:| Not at risk

|:| Not assessed/ no data

100 200

Kilometres

B @

Figure 28 Scenario map for 2010 indicating feedstock supply areas for all biofuel
facilities and how these relate to rivers with current ammonium issues. Base map
supplied by the Environment Agency.
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Figure 29 Scenario map for 2010 indicating feedstock supply areas for all bioenergy
facilities and how these relate to rivers with current BOD issues. Base map supplied
by the Environment Agency.
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Figure 30 Scenario map for 2010 indicating feedstock supply areas for all biofuel
facilities and how these relate to rivers with current BOD issues. Base map supplied
by the Environment Agency.
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Figure 31 Scenario map for 2010 indicating feedstock supply areas for all bioenergy
facilities and how these relate to rivers with current phosphate issues. Base map
supplied by the Environment Agency.
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Figure 32 Scenario map for 2010 indicating feedstock supply areas for all biofuel
facilities and how these relate to rivers with current phosphate issues. Base map
supplied by the Environment Agency.
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Figure 33 Scenario map for 2010 indicating feedstock supply areas for all bioenergy
facilities and how these relate to soil carbon content. Base map supplied by the
Environment Agency under licence from Cranfield University.
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Figure 34 Scenario map for 2010 indicating feedstock supply areas for all biofuel
facilities and how these relate to soil carbon content. Base map supplied by the
Environment Agency under licence from Cranfield University.
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3 Analysis and discussion

The production and utilisation of biomass for bioenergy purposes can have beneficial,
detrimental or neutral effects on the environment. This section aims to highlight the
environmental impacts of bioenergy production and, with reference to the scale and location
of bioenergy facilities described earlier, highlight how these may impinge upon areas of
Environment Agency interest.

3.1 Introduction

The land management practices for bioenergy production are essentially standard farming
and forestry practices. A good summary of the underlying regulatory requirements is given in
Annex lll and IV of EC Council Regulation 1782/2003. The relevant aspects are listed in
Appendix 1. Compliance is achieved through national legislation for the UK Good Agricultural
and Environmental Conditions (GAEC) whilst guidance is provided by Codes of Practice.
Failure to comply results in support funding under the Single Farm Payment (SPS) scheme
being withheld.

The location of processing plants is generally a compromise between the logistical
requirements for the efficient operation of the plant (transport links, grid connections, quay
access and so on) and the logistics of feedstock supply. The plant locations on the maps
above are a diagrammatic expression of the outcome of this compromise. The final outcome
will depend on the interaction of many of the above factors; legislative pressure, soil type,
environmental risks, crop profitability, agronomic expertise, new equipment costs and
investment, and above all the attractiveness of the market ‘pull’ for the bioenergy.

3.2 Description of scenario maps

Biodiesel production

Domestic feedstocks for the production of biodiesel are limited to tallow, RVO and oilseed
rape, and all three feedstocks (together with imported oils) are used in the UK biodiesel
industry. Information on the location, capacity and feedstock use of existing and planned
biodiesel facilities was provided by AEA (Bates et al., 2008) and these were shown in Figure
1. In our scenario maps for 2010 we have mapped only OSR production and the plants
potentially using OSR in this period. Since we started this report, D1 Oils has announced that
it is ceasing production at its Bromborough and Teeside plants, so we have excluded these
plants from the 2010 scenario maps and subsequent analysis.

The biodiesel scenario maps clearly show the limitations on increasing the proportion of
domestically produced OSR in biodiesel production, especially in areas where OSR is not
grown extensively. The planned Ineos plant in Scotland was located in such an area, with
production of OSR limited to the Eastern fringes of Scotland and Northern England.
Commensurate with this disparate distribution, the buffer areas required to source sufficient
OSR are correspondingly large, especially when assuming the plant is running at full
capacity and using 25 per cent domestic feedstock. At half capacity, and assuming 25 per
cent of the feedstock is domestically sourced, there is considerable overlap between the
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supply zones for the Grangemouth and Teeside plants, which makes the supply zones
required to satisfy demand considerably larger. At full capacity, the supply zones increase
further and there is considerable overlap between the requirements for the Teeside plant and
the planned Grangemouth plants with facilities at Humberside and Cheshire.

At the full capacity scenario and assuming 25 per cent of feedstock is sourced domestically
and all planned facilities are built (and there are no closures), a large proportion of the UK
production of OSR will be diverted to biodiesel production. As OSR production is already
closely balanced to demand under current cropping patterns and a high level of feedstock
requirement, with only small export surpluses each year, implementation of these scenarios
would use a significant proportion of the UK OSR cropped area. This would have implications
for the production of OSR for food and for other industrial purposes in the UK (and abroad).
Intensification of production, through tightening of rotations and growing OSR on previously
set aside land close to areas of demand could, at least theoretically, help increase supply,
but could have significant agronomic and environmental implications which are discussed
further in section 4.3. Equivalence trading, particularly within the EU, may offset some of
these impacts. Under this arrangement, 1,000 tonnes of OSR sold for fuel production in the
UK could be ‘swapped’ on the books of a company operating in two countries for 1,000
tonnes sold for food. The UK OSR can then be crushed for food oil, whilst the swapped
1,000 tonnes is made into biodiesel in say, Germany.

Other UK feedstocks for the production of biodiesel are tallow and RVO and utilisation of
these ‘waste’ products could reduce the pressures on land for oilseed rape production. Dale
et al., (2008) suggest that the amount of tallow available in the UK and Ireland is circa 250 kt
per annum. Tallow utilisation is already at capacity so we see no further expansion of the
utilisation of tallow for biodiesel by 2010 beyond that which is already used, without
impacting upon existing industrial uses for this resource such as in the oleochemical and
personal care markets. The British Association for Biofuels and Oils (BABFO) suggests there
is a potential resource of around 100,000 tonnes of RVO available per annum in the UK
although it is unclear how much of this is collected. Several small- and medium-scale
producers across the UK are already using RVO for biodiesel production as shown in Figure
1. The first figures of monthly production (April-May 2008) from the Renewable Fuels Agency
(RFA, 2008b) give a figure of 3.2 per cent for biodiesel supplies sourced from UK recycled
vegetable oil and less than 1 per cent from UK tallow (2.81 and 0.35 million litres
respectively). Supplies of RVO are dispersed and economic collection can be considered
service for VO users.

Bioethanol production

At the time of writing this report, there was only one bioethanol plant in the UK, situated in
Wissington, Norfolk. The feedstock supply issues for this plant are interesting since
theoretically, whilst demand for bioethanol could be met by using 700,000 t of sugar beet
from an area of 1,458km? around the Wissington area as shown in Figure 16, the reality is
that bioethanol can be produced from any of the sugar beet going into the Wissington plant,
so the supply area is actually around 7,850km?. The production of bioethanol at Wissington
was initiated to provide a market for the sugar from UK surplus C quota beet which, due to
sugar sector reforms, was unable to be traded on world sugar markets. Quotas for C quota
beet production were held throughout England, but the equivalent tonnage to C quota beet
grown for example in Nottinghamshire can be swapped for an equivalent tonnage destined
for Wissington. The source area for bioethanol production for Wissington is more correctly
that which supplies the whole of Wissington intake.

A number of bioethanol from wheat facilities are planned to come on line for 2010, with three

planned for Teeside, three on Humberside and one each in Corby and Somerset. Assuming
all current production is diverted to bioethanol production in the vicinity of these plants, that
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all are operating at full capacity and assuming 5 per cent, 10 per cent and 25 per cent of the
feedstock capacity for the plant is met by domestic production, the areas theoretically
required for supplying each plant are reasonably small compared to OSR as wheat is the
predominant crop area within existing rotations. In reality however, the existing milling and
starch industries are already located in areas of high production and for the Teesside,
Humberside and Corby plants competition from existing markets in and around these supply
zones will mean that the feedstock will probably need to be sourced from a greater area. The
planned Roquette plant at Corby is a prime example of this; it is close to an ADM flour mill
and the Roquette starch plant, so all these plants will draw upon the same feedstock pool.
The size of these conflicting markets, and the economic incentives to supply these plants,
will have a direct effect on feedstock catchment areas due to competition between food, fuel
and industrial crops.

The intensification of wheat production around these areas may help reduce some of the
competition arising in an area from using the resource for food, industrial and fuel needs.
This could, theoretically, result from bringing previously set aside land back into production,
although the suitability for this will vary from area to area and depend upon the motivations of
the farmers involved. The removal of compulsory set-aside land removed the restrictions
imposed on end use of the products, and many farmers may wish to grow wheat for non-
specific rather than a dedicated market such as biofuels production. Even before the end of
compulsory set-aside, companies like Greenergy stipulated that OSR for biodiesel production
should be grown on non set-aside land, presumably because this afforded flexibility in trading
the end product to different markets if required. There seems little scope for tightening
rotations to increase the number of wheat crops grown since the production of wheat is
already optimised on many farms, although continuous wheat crops have been grown at
ADAS Boxworth for 40 years and the area has continued to produce acceptable yields. The
environmental impacts associated with increased wheat and OSR cropping for biofuels
markets are discussed in section 4.3

Biomass

Biomass can be used in both co-firing and dedicated installations. Whilst co-firing can accept
a wide range of fuels, dedicated biomass combustion is often limited to one of two key
feedstocks. For this reason, we have produced Figure 17, with wood, SRC and Miscanthus
as feedstocks, and only plants utilising these feedstocks have been shown in the scenario.
The scenarios show either 5 per cent, 10 per cent or 25 per cent utilisation of domestic
biomass (SRC, wood, Miscanthus) for co-firing and 100 per cent biomass utilisation for
dedicated schemes since these figures are broadly representative of the current feedstock
supply situation.

The scenario maps clearly show the constraints towards increasing the amount of domestic
biomass used in co-firing applications.

The biomass maps clearly show the constraints to further uptake of biomass fuels in the UK,
as the 25 per cent total use from domestic biomass catchment covers most of England and
Wales.

Anaerobic digestion

AD plants can be classified as being either farm-based AD (using livestock slurries and
manures) or centralised AD (using both livestock slurries and the organic fraction of
municipal solid waste (MSW)). There are examples of both facilities in the UK currently and
planned for 2010, and these were shown in Figure 2.
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Information on the location and energy output of these plants was supplied by AEA (Bates et
al., 2008). The scenario maps use the total available GJ in an area from both livestock
wastes and from MSW, and the proportion of feedstock from each source could vary
accordingly depending upon the location of the AD plant. In our scenario maps we have
assumed that all feedstocks for AD plants will be sourced from the immediate locality
because both MSW and livestock wastes are bulky and costly to transport.

There are approximately 30 AD plants in the UK scheduled to be in operation by 2010; seven
of these are shown in Figure 20. The feedstock supply zone to these plants is generally small
at between 20 and 600km?. The greatest supply area for the Holdsworthy AD plant in Devon
reflects the larger energy output of this plant. The locations of these plants are scattered,
have no discernable patterning and are not necessarily related to areas of highest feedstock
availability.

The scenario map also highlights the huge potential for future expansion of AD in England
and Wales based on existing livestock waste and MSW production assuming all available
feedstock is processed. The areas of greatest potential are located around large urban
conurbations such as London, the West Midlands and Merseyside/Manchester, where
organic MSW fractions are available, and also in more rural areas towards the west of
England and Wales where dairy livestock production is prevalent. This area includes the
South West, Northern Cumbria and West Wales. However, given the range of scales at
which AD can be employed; it is difficult to rule out other areas.

AEA suggested that the development of centralised AD be the focus of planning to 2010
subject to adequate grant support being available because, as a previous report (Mistry and
Misselbrook, 2005) showed, these plants are not economically viable without financial
assistance. Under an increased support for bioenergy scenario, AEA suggests a further
10MWe be planned, and with an increased focus on electricity and heat, a further 456MWe
could be developed. The environmental constraints involved in siting AD plants, and
utilisation of the digestate product produced, may limit the areas where these plants could be
located in the future.

3.3 Environmental effects of bioenergy production and
use in 2010 under various scenarios

In the following sections we describe the effects of bioenergy production on water, land and
air. This is followed by an analysis of the environmental scenario maps derived in this work.
We then describe the effects on each of these scenarios of growing crops for bioenergy or
the utilisation of wastes for anaerobic digestion.

3.3.1 Water

Introduction

Farming accounts for approximately 60 per cent of nitrates, 25 per cent of phosphorous and
70 per cent of sediments found in surface water supplies in England and Wales (DEFRA,
2007f). Excess nutrients can adversely affect both the quality and biodiversity of water
courses, and thus reduction of levels is desirable.
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Two pieces of legislation affect the quality of water in the UK: the EU Nitrates Directive and
the EU Water Framework Directive (WFD). In an attempt to control nitrate pollution in
England and Wales, a number of nitrate vulnerable zones have been identified in which a
series of current action programme rules apply. These include the recommendation that the
quantity of nitrogen applied to each field should not exceed the crop requirement, and should
take into account existing soil nitrogen levels. Despite introduction of the NVZ action
programme, a Defra report (ADAS, 2007) has highlighted that nitrate concentrations are still
high in many areas and in some cases have increased. This has lead to proposals for
increasing NVZ coverage from 55 per cent of England to 70 per cent, alongside further
reforms of the NVZ rules (Defra, 2007g). Both the WFD and NVZ rules are included in the
broader Catchment Sensitive Farming voluntary initiative, which aims to reduce water
pollution from agriculture. This scheme considers the wider effect of farming on water quality
and encompasses both the nitrates directive and water framework directive regulations,
including pesticides, herbicides, soil erosion and nitrates in 40 catchments within England
and Wales.

Effect of AD plants on water quality

Summary of environmental issues relevant to the Environment Agency:

e Microbial water quality can improve where AD digestate is spread rather than
livestock wastes. A study by Chesshire and Ferry (2006) showed that mesophilic
digestion at 37°C resulted in a 10- to 100-fold decrease in faecal indicator
organisms (FIO), and thermophilic digestion at 50 °C resulted in a 10,000-fold
decrease. Incorporation of a pasteurisation phase (as would be required when
treating food wastes) resulted in low or undetectable levels of FIO. There was
little increase in FIO numbers during post-treatment storage of the digestate.

o Chemical oxygen demand (COD) and biological oxygen demand (BOD) are
reduced compared to untreated slurry. Hobson et al. (quoted in FEC, 2003),
quoted reductions in BOD of 75 per cent for pig slurry, 55 per cent for cattle slurry
and 80 per cent for poultry slurry. COD was reduced 50 per cent for pig slurry, 35
per cent for cattle slurry and 50 per cent for poultry slurry.

e There is no significant difference in nutrient loading since total nitrogen and
phosphate contents are the same as pre-digested materials.

e Separation of solids and liquid digestate can increase infiltration into the land if
applied appropriately, and can reduce runoff to water courses.

o AD can result in an increase in the release of phosphate from organic forms,
resulting in an increase in the water soluble phosphorus form. Such results were
inconsistent in a study of farm scale AD plants and can vary by site, but have
been shown to increase significantly elsewhere (Smith et al., 2007). An increase
in water soluble phosphorus can increase the vulnerability of phosphate loss via
run off or by-pass flow.

¢ AD has been shown to result in the conversion of organic nitrogen in the
feedstock to the more available ammonium form (average 26 per cent increase),
but this is variable and can change according to retention time, bacterial growth
and carbon to nitrogen ratio of the substrate. Conversion of ammonium to nitrate
in the soil can result in losses to surface and ground surface waters.
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e There is conflicting evidence as to whether AD digestate can act as a better
fertiliser source than livestock manures (Smith et al., 2007).

e Increasing the MSW feedstock content of an AD plant can result in an increased
availability of nitrates in the digestate and hence potential for runoff problems.

Analysis of environmental issues based on 2010 scenarios:

The spreading of AD digestate to land in place of manures and slurries can have a beneficial
effect on water quality through the reduction of FIO, BOD and COD. These benefits would be
most apparent in areas of large manure production where there is no option other than
spreading to land and where there are currently issues with these parameters.

The increased availability of both ammonia and phosphate in digestate compared to slurries
and manures, and their potential detrimental effect on ground water and surface water runoff,
requires careful planning of storage and application methods to ensure that environmental
risks are minimised.

This will be particularly important around the existing Holdsworthy plant in Devon, and the
South Shropshire and Hull plants which are located in areas of high phosphorous losses and
high ammonium emissions.

Effect of annual biofuel crop production on water quality

Summary of environmental issues relevant to the Environment Agency:

e Pesticide regulations as enshrined in Directive 91/414 are currently under review,
but 91/414 has supported the on-going review of active substances and the
revocation of use of those presenting unacceptable environmental burdens.
Triazine herbicide use has been revoked and June 2009 saw an end to the use
of isoproturon (IPU), one of the most widely used herbicides in the cereal sector
(HSE, 2007). The main areas of cereals shown would previously have been
expected to be sources of water contamination from IPU. The continuing review
process and possible regulatory overhaul should be expected to reduce pesticide
loads from even the most intensively farmed bioenergy producing areas.

e The use of inorganic fertiliser for bioenergy crops is largely focused on arable
crops. Nitrate regulations, codes of practice and fertiliser recommendation
standards are aimed at efficient use of nutrients and the avoidance of loss to
ground water.

¢ Soil erosion possibly associated with winter harvesting operations could lead to
the deposition of particulates and dissolved nutrients in watercourses.

o Turley et al., (2005) reviewed the potential impact of replacement of natural
regeneration set-aside with wheat or oilseed rape crops. Despite the increased
inputs of fertiliser and pesticides, impacts on water quality are unclear — the effect
of nitrate leaching was not clear-cut as set-aside has high residual nitrogen levels
which are subject to loss over winter, whilst on the other hand, there may be a
small increase in soil erosion and phosphate loss.

e Typical nitrate losses on free draining soil following oilseed rape are 70 kg/ha, 50
kg/ha for cereals and 30 kg/ha for sugar beet. This compares to 100 kg/ha for
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potatoes and 150 kg/ha for rotational set-aside (Lord et al., 1999). How much
leaches is dependent upon the over winter rainfall and soil type.

Analysis of environmental issues based on 2010 scenarios:

It is unlikely that the environmental impact of cultivation of annual arable biofuel crops will
differ greatly, at least in the 2010 timeframe investigated in this project, from existing
counterparts. Initiation of carbon assurance schemes as part of the RTFO from 2010 and the
introduction of sustainability assurance from 2011 may provide some incentive for altered
farm management decisions, if a farmer is growing for a dedicated market and there are
sufficient economic incentives to do so. However, with the current high price of both OSR
and wheat, farmers may choose to trade on spot markets rather than commit to long-term
specific contracts, and so avoid changing management practices to suit a particular market.

Larger environmental impacts are expected if production is intensified, either through
utilisation of previously set-aside land, or through tightening of rotations. Neither may be
completely due to increased demand for feedstocks for biofuels in the UK. High commodity
prices are sufficient to encourage increased planting regardless of the end market.
Tightening of rotations to increase production of a specific crop may have detrimental
impacts on yield due to disease build up and nutrient depletion. Also, to maintain yields
increased inputs of both pesticides and fertilisers can be required with possible implications
for water quality, although effective pesticide review procedures should minimise this.

Effect of producing perennial energy crops on water quality

Summary of environmental issues relevant to the Environment Agency:

¢ A study on SRC supply to the ARBRE project (Hilton et al., 2005) showed nitrate-
N concentrations declined rapidly in the winter following SRC establishment and
continued to decline during the second and third years after planting. Levels were
generally below 1 mg/l 18 months after planting, much lower than would be
expected from arable land, 30 times lower than that recorded at the start of the
study and a factor of ten lower than the EC limit.

¢ Both SRC and Miscanthus take up heavy metals in the soil and concentrate them
in biomass. Therefore they can be used for bioremediation of contaminated soils
and can be useful crops for biosolid application as neither crop enters the food
chain. However, studies as part of the ARBRE project showed increased nitrate
N where slurry was applied through the first winter, peaking at over 80mg/I with
the pattern repeated during the following two winters with peaks of 176mg/l and
248mg/| respectively.

e Mature perennial crops sequester nutrients over winter in their rhizomes and root
systems so that nutrient leaching is less than for arable crops or grassland. The
extensive roots also help uptake of nutrients from the soil. In Miscanthus,
mobilisation of nutrients from the roots to the stem in the spring means no
additional nitrogen is needed.

¢ High-yielding SRC and Miscanthus crops will have a higher water uptake than
conventional crops for growth (10 to 20 per cent greater, for example (Hilton et
al., 2005)) so the scope for use in flood or drought prone catchments needs to be
evaluated. The year-round presence of soil stabilising perennial vegetation and
its impact on water run-off or retention could also effect catchment management.
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Analysis of environmental issues based on 2010 scenarios:

After the establishment phase, the relatively low inputs required by perennial biomass crops
are potential environmental benefits from growing the crops. Similarly, their use for
bioremediation offers scope for use on a range of reclaimed sites. Indeed, some interest is
being expressed in the use of these crops in integrated waste management processes. With
increasing costs of fertilisers, the ash from biomass combustion is an increasingly valuable
by-product. Those planning biomass production on sites where there is a risk of bio-
accumulation of contaminants need to be aware of the mass balance and movement of
elements in the crop production and utilisation processes, with appropriate quality audit and
testing procedures. Plants that act as bio-accumulators when burned may produce ash and
flue gases containing elements accumulated from the soil. Monitoring and appropriate
disposal systems are therefore needed.

High yields of any crops require higher water consumption. Concerns over higher water use
of biomass crops need to be tempered with acknowledgment that the increased need for
higher yields over the next 30 to 40 years will push up crop water demand generally. The
impact of larger scale plantings than those achieved hitherto needs to be evaluated in both
drought- and flood-prone areas.

Perennial biomass crops provide benefits from carbon accrual relative to arable cropping on
the same land. However, the need to harvest the crop after sequestration of nutrients back
into the roots and rhizomes means field operations are carried out in winter. Once strong root
networks are established, the plants themselves provide a significant load carrying root mat
that helps support tractors and harvesting machinery. Good practice in the management of
field operations should ensure the soil management requirements of GAEC are complied
with.

3.3.2 Air

Introduction

Air pollution can occur from both biomass production and utilisation and have detrimental
effects on both the environment and human health over both the short and longer terms. The
National Air Quality Standards are indicators which determine the levels at which a particular
contaminant becomes a health risk and over how many days this occurs. The pollutants
included within this indicator are ozone, sulphur dioxide, nitrogen dioxide, carbon monoxide
and particles (PMyp). Crucially, as well as the effects on human health, several of these
pollutants are potent greenhouse gases (GHGs). The release of greenhouse gases into the
atmosphere is a worldwide concern and the Kyoto Protocol requires that the UK reduces its
GHG emissions by 20 per cent. Agriculture and forestry are the second largest source of
greenhouse gases, together accounting for seven per cent of emissions. Nitrous oxide is the
greatest problem, accounting for two-thirds of emissions on a carbon dioxide equivalence
basis, with methane (as CO, equivalents) accounting for almost all of the remaining third.
Carbon dioxide accounts for only one per cent of emissions. Nitrous oxide emissions result
from soil processes and the production and application of inorganic fertilisers and manures.
Methane results from the natural decomposition of organic waste, or from ruminant digestion.
Ammonia emissions arise from livestock manure and slurry management.
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Air quality from combustion is regulated under a number of acts including the Clean Air Act of
1993, the large combustion plants directive and Integrated Pollution Prevention and Control
(IPCC) guidelines. Although bio-energy production essentially recycles atmospheric carbon
dioxide in a cycle time of just a few years, carbon dioxide is nevertheless returned to the
atmosphere rather than removed through long-term sequestration on a semi-permanent basis.
The primary driver for a reduction in GHG emissions from agricultural production of bioenergy
crops arises from the introduction of carbon and sustainability standards as part of the RTFO.

Effect of AD plants on air quality

Summary of environmental issues relevant to the Environment Agency:

e The AD process can significantly reduce odour in the final product. The Farm
Energy Centre quote odour levels of 223 odour units/m? for treated slurry and
1,100 odour units/m? for untreated slurry. The reduction of odour is due to the
reduction of volatile fatty acids by around 93 per cent during the process.

¢ Odours for the site operations result from material brought and stored at the site,
freshly discharged feedstock and gas leakage or uncontrolled venting.

¢ Emissions of oxides of nitrogen and sulphur from AD plants can be significantly
reduced through abatement strategies. Emissions of nitrogen oxides were
11.2pg/s without abatement and 0.74ug/s with abatement. ADAS studies of AD
plants show emissions of sulphur oxides were 1.9ug/s without abatement, and
0.34ug/s with abatement.

e The AD process results in an increase in ammonium nitrogen over slurry (Smith
et al., 2007), which increases the potential for ammonium losses to the
atmosphere and the potential to adversely affect sensitive habitats upon
deposition. Thus, AD digestate should be kept covered to reduce emissions of
ammonia and residual methane prior to spreading.

o Ease of spreading is facilitated by separation of the solid and liquid digestate
phases. Careful spreading can help mitigate the potential GHG emissions
resulting from digestate use — this has been shown to be reduced significantly
through either direct injection or through umbilical spreading through dribble bars.

Analysis of environmental issues based on 2010 scenarios:

Air quality benefits accruing from the deployment of AD technology mainly arise through the
decrease in odour on spreading the digestate versus spreading slurries and manures. As
such improvements are highly dependent upon the locality, the locations of such
improvements are difficult to map in a study such as this. Needless to say, we believe that
the greatest improvements in local air quality with regard to odour will arise in areas where
there are already odour problems associated with spreading livestock wastes and this may
prove especially beneficial where statuary nuisance abatement orders are in place. This
applies to both existing and planned facilities.

The potential for increased losses of ammonia from digestate storage and spreading requires
careful consideration, both for its effects on fragile ecosystems and as a potent GHG. The
effects of ammonium deposition are more of a local issue whilst as a GHG, the issue is
national and global. The reduction of ammonia in both cases is desirable. Careful
consideration of the siting of planned plants should seek to minimise potential biodiversity
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implications from increased ammonia emissions (and subsequent deposition) by seeking to
site planned AD plants away from areas such as Sites of Special Scientific Interest, National
Parks and other important habitats. Education of landowners as to how to best use digestate
to minimise airborne ammonia losses could be beneficial in this regard, especially if the
digestate is to be used near sensitive areas. This will become especially important when the
PAS110 digestate standard is introduced, which will allow digestate to be sold and utilised as
for any other fertiliser product. Ammonia losses have the potential to be greater from the
spreading of digestate from centralised anaerobic digestion (CAD) rather than farm-based
digesters. This is due to the greater potential for conversion of nitrogenous compounds to
ammonia in high nitrogen/low ammonia feedstocks such as organic MSW than in already
high ammonia materials such as slurries.

More work is needed to quantify the differences in ammonia losses to air as a result of
spreading digestate as opposed to spreading livestock wastes. Given that AEA has
suggested that CAD plants with a capacity of between 10 and 45MWe may be planned within
the 2010 timeframe depending upon the level of policy and economic support for such
schemes, the Environment Agency needs to be aware of the environmental implications,
locally, nationally and internationally, on air quality during the planning process for these
plants and ensure sufficient mitigation measures are introduced

Effect of producing annual biofuel crops on air quality

Summary of environmental issues relevant to the Environment Agency:

e Over 50 per cent of the GHG cost of making biodiesel from OSR and bioethanol
from wheat is associated with the growth and harvesting of the crops (Elsayed et
al., 2003).

e The largest effect on the GHG balance is caused by the utilisation of fertiliser
nitrogen, which accounts for approximately 90 per cent of the GHG cost of
producing an oilseed rape crop for biodiesel and 80 per cent of the GHG cost of
producing a wheat crop for bioethanol (Woods et al., 2008).

e Over 60 per cent of the growing costs of producing a crop for ethanol are due to
the indirect emissions resulting from the production of the fertiliser nitrogen and
direct emissions resulting from its use.

e Considerable uncertainty surrounds the measurement of GHG impacts of crop
production, especially surrounding the emissions of nitrous oxide.

o Twenty per cent of the total GHG cost of producing a crop is due to on-farm fuel
use, seed supply and pesticide inputs (Woods et al., 2008).

Analysis of environmental issues based on 2010 scenarios:

The predominant effects of growing annual crops for biofuel markets on air pollution relate to
emissions of GHG. Emissions of any GHG are almost irrelevant on a local scale, as their real
importance lies in their contribution to the national and global reductions and this is the focus
of this section of the report.

There are likely to be few differences in air quality (GHG emissions) as a result of the
production of annual crops for biofuels. With volatile commodity prices and no clear buying
signals from the biofuel sector (higher prices), growers may chose to manage their crops in
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the conventional food production way, choosing the food or fuel market once the crop is
harvested. This would mean that farmers may not seek to fulfil anything other than general
market requirements for their crop. Although the introduction of carbon and sustainability
assurance as part of the RTFO provides an incentive for biofuel producers to reduce the
GHG cost of their biofuel, these improvements need to be encouraged throughout the supply
chain. Without appropriate knowledge of how changes in agronomic practices can affect the
final carbon balance of the biofuel and the introduction of specific premia to change
practices, growers are unlikely to make changes spontaneously.

Intensification of land for biofuel production (or any tillage crop) could lead to greater GHG
emissions on a national basis, particularly as a result of increasing nitrous oxide emissions
arising through fertiliser nitrogen use, and the cultivation of permanent set-aside land has the
potential to release sequestered carbon into the atmosphere.

Increased cropping of wheat and OSR crops will lead to the increased production of straw.
Whilst this could be incorporated into the ground as a fertiliser source and soil conditioner (as
discussed in Section 3.1.1), the greatest impact arises through the combustion of straw as
already practiced at Ely. Assuming 1 tonne of wheat straw sequesters 1.467 tonnes of
carbon dioxide equivalents, a baled yield of 4 tonnes of straw (c.1 ha) is equivalent to 2.4
tonnes of coal, saving 5,468kg carbon dioxide equivalents emissions (in effect sequestration
by proxy). In comparison, incorporation of straws into soil results in only 183kg
CO.e/halyr/tonne (12.5 per cent) sequestered into soil organic carbon (SOC). Given that soil
carbon sequestration is limited and requires permanent practice to be maintained, increased
utilisation of straw for combustion would have positive effects on GHG emissions. The
positive benefits of straw combustion on GHG balances must however be offset against the
need for increased fertiliser inputs for a crop where straws have not been incorporated and
the GHG effects this results in.
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Effect of perennial biomass production and combustion on air quality
Summary of environmental issues relevant to the Environment Agency:

e If burned in open air, some biomass feedstocks can emit relatively high levels
of nitrogen oxides (because of the high nitrogen content of the plant material),
carbon dioxide and particulates. If biomass is grown on contaminated land,
conventional combustion of biomass may release toxins such as dioxins and
heavy metals (Royal Commission on Environmental Pollution, 2004).
However, the combustion of biomass results in fewer nitrogen oxide and
sulphur dioxide emissions than fossil fuel systems (Bullard and Metcalfe,
2001).

o Dust exposure at wood storage facilities can be as result of fine wood particles
and dust, and fungal spores. The storage conditions and the unloading and
handling environments affect the levels produced and operator exposure.
Garstang et al. (2002) recorded no evidence of significant health risk from
monitoring studies of dust and fungal spores at large scale wood stores, but
noted Swedish experience suggesting measures should be taken to minimise
exposure risk.

e Growing large areas of SRC willow could result in increased levels of volatile
organic compounds being released to the atmosphere. Willow is a high emitter
of isoprene. It is estimated that a doubling of willow biomass could increase
the national emissions of isoprene by 10 per cent (Air Quality Expert Group,
2007).

o Combustion of treated wood can result in the release of halogenated
compounds, dioxins, furans, polycyclic aromatic hydrocarbons (PAHs) and
heavy metals with resulting implications for health. Treated waste should
therefore be burned in a Waste Incineration Directive (WID)-compliant facility
to reduce these risks.

Analysis of environmental issues based on 2010 scenarios:

Perennial biomass crops have risen in popularity due to GHG benefits, their low inputs
and the favourable energy and carbon balances. Spink and Britt (1998) reported energy
ratios of 30 or more for perennial biomass crops, compared to ratios between 8 and 9 for
cereal crops and between 3 and 5 for various OSR crops. Bullard and Metcalfe (2001)
quote carbon ratios for reed canary grass, switchgrass and Miscanthus of 30, 41, and 53
respectively. Perennial biomass crops are environmentally beneficial in air quality terms
provided crop/fuel handling procedures safeguard operators. Best Available Technologies
are used to contain nitrogen oxides, sulphur dioxide, hydrochloric acid, and compounds
originating from treated woods are burned in WID-compliant plants.

There are, however, some negative aspects of biomass use on air quality. Assessments
by AEA (2007) show that increasing the contribution from small-scale wood-fuelled
biomass combustion to meet energy requirements in London under the London Energy
Partnership scenarios may lead to a potentially substantial increase in nitrogen dioxide
and particulate matter concentrations. The potential impact of use in densely populated
urban environments could be reduced if biomass combustion was limited to larger district
heating or CHP schemes outside the centre of London. For these units it would be cost
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effective to install efficient abatement equipment to reduce the emissions of particulate
matter and oxides of nitrogen.

3.3 Land

Introduction

Land use which leads to erosion or damaged soil not only falls short of GAEC and would
jeopardise SPS payment, it is also counter-productive in terms of the production of high-
yielding efficient bioenergy crops. Erosion can be very severe on light sands and organic
soils where exposed dry soils can blow away; the Fens, Vale of York and Breckland can
all see significant amounts of soil moved by wind. Sandy and silt soils on an incline can
show free movement of soil in surface run-off water, leading to gully formation in severe
cases where terracing or vegetation offer no protection.

Clay soils are less vulnerable to erosion, and in some situations have been used for
perennial biomass cropping as the heavier soil texture increases arable cultivation costs.
The harvesting of biomass crops in wet conditions on such soils could fail to meet GAEC.
Using any machinery in wet winter conditions may be deemed inappropriate, and soil
structure could be damaged - although well-developed root systems of perennial biomass
crops help carry the weight of machinery. Lighter sandy and organic soils are often used
for high value horticultural vegetable crops: salads, leeks, carrots, parsnips, potatoes and
so on, with the bioenergy cereals and oilseeds acting as break crops. On the poorer
sands such as the Surrey heaths, parts of the Brecklands, Sherwood in Nottinghamshire
and parts of the Shropshire sands, scrub and forest are the main use. However, once the
land quality is good enough for horticultural use, annual cropping rules out the longer term
perennial biomass crops.

Many of the arable soils in the country have some feature which can interact with
cropping and bioenergy production. Heavy clays in Essex, the Kent and Sussex Weald,
and south-central Midlands have all been used for arable production and move in and out
of use depending on crop profitability. The Weald has historically been home to some of
the oldest coppicing in the country, and now is home to protected areas of land. The
Essex clay farmers were some of the first to use reduced cultivation technology to
establish their cereals and as a result were the first to see signs of herbicide resistance.
With local markets, perennial biomass may prove attractive to some of these growers.
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Effect of AD plants on land quality

Summary of environmental issues relevant to the Environment Agency:

The solid digestate arising from AD can be used as a soil conditioner. Like any
organic amendment to soil it should have a positive effect on soil quality, but
as far as we are aware at the time of writing this report, there have been no
practical studies on its effect on soil structure, carbon sequestration capacity
or effect on GHG emissions from the soil.

The increase in fertiliser prices makes the utilisation of AD digestate (and
slurry) for fertiliser use more attractive economically.

A Quality Protocol for the production and use of quality outputs from
anaerobic digestion of source-segregated biodegradable waste is being
developed to simplify the utilisation of digestate on land and facilitate the use
of this product as a soil enhancer and use as a fertiliser source in line with
RB209 recommendations.

To avoid an additional nutrient management burden, there needs to be
sufficient arable land or grassland (without grazing livestock) in an area to
support the utilisation of digestate.

Analysis of environmental issues based on 2010 scenarios:

The incorporation of digestate to land could have beneficial effects in terms of acting as a
soil conditioner and increasing soil carbon stores. We are not aware of any work which
has been carried out to quantify the effect of using AD digestate as a soil enhancer or,
more importantly for this study, comparing it with slurry and manure incorporation, and
this is an area in which research would be beneficial.

As with any organic matter addition to the soil, it is likely that effects would be beneficial
but reversible if the practice was stopped. Thus unless AD was a long-term solution, any
improvements are likely to be short-lived. The lack of research in this area makes it
difficult to assess the potential environmental impact of AD compared to slurry and
manure spreading under any future scenarios.
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Effect of cropping annual biofuel crops on land quality

Summary of environmental issues relevant to the Environment Agency:

74

Wheat and OSR pose less of a risk for soil erosion than sugar beet, whilst
cultivation of annual crops is more of an issue for soil erosion than perennial
crops. But this is an issue for arable crops in general rather than biofuel crops
in particular.

The production of spring-sown cereals and OSR can occasionally lead to soil
erosion on vulnerable soils as the ground is exposed during the spring period.
Winter-sown cereals and OSR have an adequate root system and ground
cover by springtime to mitigate these risks.

Reduced tillage and no tillage systems can offer considerable benefits in
terms of increasing soil organic matter. Bhogal et al. (2008) showed that zero
tillage can sequester ~1,100kg CO.e/hal/yr (x660) and reduced tillage can
sequester about half that amount. Carbon sequestration is dependent upon
continuous practice so is also reversible, and may be reversed by rotational
ploughing

Turley et al. (2005) reviewed the benefits of OSR and wheat cropping on
biodiversity and showed that OSR can provide a valuable habitat for birds
such as skylarks, yellow wagtails, sedge warblers, reed and corn bunting
which nest in OSR. Weedy OSR and cereal stubbles can be a valuable habitat
for ground nesting birds such as skylarks. Both OSR and wheat have
relatively high levels and diversity of invertebrates.

Straw incorporation can improve soil organic matter. But compared to other
materials this is small. Bhogal et al., (2008) estimated that a 6.6t/ha
application of wheat straw contained 2.3t/ha of carbon of which only seven per
cent was retained in the soil. Maintenance of soil organic matter was
dependent upon indefinite continuation of this practice as soil carbon
incorporation is reversible and the amount of carbon which can be
sequestered in this way is finite.

Incorporating straw returns some of phosphate and potash to the following
crop and thus reduces the costs of buying inorganic sources of these
essential nutrients. The value of incorporating straw as a fertiliser source can
vary on a site by site basis depending upon the soil type and can depend
upon economics. At the time of writing (June 2008), prices for potash and
phosphate were almost twice as high as in the previous year. Under such high
prices, more farmers may choose to incorporate straw to provide some of the
required nutrients and increase their margins.

Conversion of permanent set-aside or permanent pasture to cropping annual
biofuel crops would have detrimental effects in releasing soil organic carbon
stores previously built up. The magnitude of such change can be considerable
depending upon the time which land had been left fallow and the soil type.
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Analysis of environmental issues based on 2010 scenarios:

Cropping of annual crops is one of the most detrimental practices for land quality due to
both the intensity and frequency of cultivations regardless of end market, but there is little
evidence to suggest that the land quality issues arising from biofuel cropping would differ
significantly from traditional uses of these crops.

A map of soil organic carbon reserves is shown in Figures 33 and 34. Most of the existing
high soil carbon stocks are associated with the scenic uplands in National Parks and
Areas of Outstanding Natural Beauty. Permanent grassland and high organic soils, like
the Fens and Somerset levels, are also associated with high carbon. Other than those
soils already involved in intensive farming, most of these areas have varying degrees of
protection from existing measures. The lack of access and suitability for field work
provides perhaps the best and most permanent protection from exploitation.

On better land where feedstocks for biofuel are produced, increased cropping of OSR and
wheat would lead to increased production of straw. Straw incorporation into soil can help
sequester organic matter although recent increases in inorganic fertiliser prices have
made the nutrients in straw increasingly valuable. Any further increase in the amount of
straw incorporated into the soil would have beneficial effects but this would only hold up to
the equilibrium point carbon sequestration in an arable rotation. The utilisation of straw for
combustion as carried out at Ely and planned for Sleaford and Drax would provide an
alternative market for the straw and thus in areas surrounding these plants, may not be
incorporated. This would result in the reduction in soil organic carbon where it was
previously incorporated.

Effect of perennial biomass production on land quality

Summary of environmental issues relevant to the Environment Agency:

e The perennial nature of some biomass crops — SRC and SRF in particular —
can contribute positively to the environment with less than annual harvesting.
Their contribution in a mixed landscape provides a varied patchwork of
habitats for both birds and non-avian wildlife, providing a positive contribution
to the aims of Directive 79/409 (see Appendix — Annexes of Regulation
1792/2003).

¢ Recent global concerns about biofuel production have focused on the loss of
natural habitats. In the UK, most bioenergy cropping is likely to be carried out
on existing farmed land, so compliance with Directive 92/43 should not be an
issue.

e Both Miscanthus and SRC are planted in the spring into bare land. Until
established, the ground may be exposed and liable to erosion.

e Soil structure is improved by the presence of perennial crops and the
avoidance of the annual cultivation cycle, and strongly developed root mass
can help support vehicles.

¢ Miscanthus and SRC can grow to between four and five metres high and, if

not sympathetically planted, can have a significant effect on the appearance
of the landscape.
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¢ Miscanthus and SRC are relatively new crops in the UK and their introduction
will therefore involve a land change. Introduction onto previously tilled land
would increase soil organic matter, while introduction onto previously fallow
land would lead to an initial decline in soil organic matter content as the
ground was prepared, and then a gradual increase as soil organic matter
increased again.

Analysis of environmental issues based on 2010 scenarios:

The cultivation of perennial biomass crops has potentially large and beneficial effects on
land quality once established, both in terms of soil quality and biodiversity, given the long-
term nature of these crops and the few machinery passes needed to cultivate them. The
short-term benefits vary with the land use prior to planting. Reporting on the organic
carbon change in first four and a half years of SRC after mature pasture or arable
cropping, Hilton et al. (2005) noted a loss of 11.02t/ha and a gain of 13.23t/ha
respectively.

Despite the potential gains, the significant tonnages sequestered will be lost once land
returns to annual cropping. The savings of fossil fuel carbon dioxide emissions from the
fuels displaced by the biomass do however represent a net saving of carbon emitted after
storage over the epochs.

Conclusions

The developing bioenergy market is likely to have a negligible effect on the UK
environment in the timeframe to 2010 considered by this report. This is due to its present
small scale, the fact that bioenergy chains are not well established (especially for
biomass), the large amount of imports currently used to satisfy demand, and due to the
difficulties facing the biofuel industry. This last factor is largely as a result of US trading
policies rather than any technical or environmental issues.

Mapped catchment areas for biomass and biofuel plants show there is potential for wide
land use to provide this material. It is uncertain at present if and how markets will develop.
The first data from the Renewable Fuels Agency show little in the way of sustainability
information supporting the first tranche of renewable biofuel submitted under the RTFO*.
The potential for easier and more reliable sustainability data from domestic production
sources will support local production, particularly if economically dissuasive measures are
introduced for lack of sustainability data provision for imported material. However, the
maps also show the area coverage required to provide 25 per cent of the possible
demand is considerable, although for some bioenergy crops — notably SRC and
Miscanthus — the national crop area is still very low. There is little prospect for 100 per
cent of supply provision (at the demand level as mapped) from domestic sources if
imports of adequately sustainable material prove impracticable.

In the short-term (with biofuels derived from food crops) there is likely to be little
difference between the environmental impact of feedstock and food production. As
commodity crops are traded globally, they move and are traded more freely than say SRC
and Miscanthus. Biomass ideally needs to be associated with a plant in the vicinity of the
production site; in contrast, once processed, liquid biofuels can be sourced anywhere.
The net effect of these differences is that over the coming years as markets develop, the
change in biomass production is likely to be a more visible land change than the switch of

* The data will be re-reported when the data from blended biofuels have been taken into account.
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arable food crops to the biofuel feedstock market. The changes, initially at least, are likely
to be more pronounced in the inner circles of the catchments shown on the maps.

Fuel flexibility and the ability to accept multiple feedstocks are desirable for biomass
plants as in theory it gives a wider and more flexible supply base. However, as most
plants are designed to optimise the performance of specific feedstocks using bespoke fuel
feed mechanisms, there is unlikely to be a ‘general biomass’ market. To date, wood chip
and to a lesser extent chipped Miscanthus are the closest descriptions of what may be
considered ‘general biomass’. Entrainment for co-firing is determined by the furnace
injection equipment, which in turn has to optimise the use of the co-fired fuel with (in most
cases) coal. The different volatility characteristics of the coal and co-fired fuel may entail
joint or separate fuel loading to optimise the combustion, with the biomass being loaded
higher in the combustion chamber. The catchment maps assume fuel will be delivered in
an appropriate form to the relevant plant. On the biomass maps the overlays have
assumed a generalised fuel format across all plants. In reality, the purchasing and pricing
policy, along with any logistical considerations, will determine which plants become the
dominant operators. If certain individual plants become preeminent purchasers of
biomass, the supply boundaries shown on the maps will change.

In the medium-term, the quality and fuel format for second generation biomass/biofuel
plants may determine how more extensive biomass plantings may develop.

Although the maps of AD catchments are some of the clearest, the waste ‘market’ is
perhaps more complex than the biofuel and biomass markets. Increasing the utilisation of
waste is likely to help reduce the overall land use for both land fill and for applications to
bioenergy crops. High profile companies like Waitrose are now promoting their use of AD
for waste disposal as an addition to their environmental credentials. But the use of waste
for energy can divert it from other uses; tallow for biodiesel production takes feedstock
from oleochemical markets, which in turn use oils from elsewhere. The production of
tallow by renderers generates an oil-based feedstock in significant amounts at one
location. This improves the logistics of using it, especially in comparison with RVO which
requires an extensive collection network, which in some circumstances could also collect
food waste for AD processing. These are complex issues which cannot be fully addressed
through mapping. The centralised collection and AD processing of what may otherwise be
problematic materials for disposal is similar in some respects to the burning of waste
wood in centralised WID-compliant units. In both cases the problematic material can be
‘diluted’ with cleaner conventional feedstock.

Sourcing feedstocks from distant locations in the UK may have detrimental effects on the
environment through increasing haulage costs and carbon dioxide emissions. Although
the maps show the potential land coverage of supply catchments, it is essential that
support measures — whether through ROCs or RTFO — do not encourage supply chains
at any cost if these incentives to produce and supply feedstocks reduce or negate GHG
savings. Engagement with landowners owning woodland in the vicinity of power plants,
including guidance and support on how to manage woodland effectively, would help make
best use of existing resources as well as potentially improving the condition and
biodiversity of woodlands. But this needs to be offset against market and supply changes
due to wood fuel, which could lead to potentially higher prices for sawmilling and other
uses.

The maps show the catchments for wood fuel going to the principal bioenergy users
where prices will be determined by ROC values and the overall margins in power
generation. Other wood fuel will be supplied to the domestic market where higher prices
will be paid. The extent of this diversion from co-firing will depend on the domestic supply
infrastructure and how domestic users respond to rising fossil fuel and power prices.
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Arguably the efficient used of wood fuel for domestic heating provides better use of a
resource which, on a national scale, is limited in relation to its potential for deployment
across all end uses.

The maps in this report show how varied the demand for land will be for different
bioenergy supply scenarios. The situation up to and around 2010 is encompassed by this
present collection of maps, but we live in times of rapidly changing energy and food
prices. The maps give an indication of the scale and location of near future demand for
bioenergy crops and how those areas interact with factors of environmental concern.

The maps show how widespread the demand for sources of bioenergy could become in a
very short time period, and how the effects lie across some areas where there are already
pressures on the environment (though there are some notable exceptions). Although this
demand is widespread, for new biomass crops especially, it makes up a small percentage
of land use in the affected areas.

To date, progress towards Government targets for renewable energy use has fallen short
of many targets, and progress with bioenergy cropping falls into this category. It remains
to be seen whether 2010 will see the mapped levels of land use change shown in this
report.
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Recommendations

Bioenergy is a rapidly changing sector and is likely to have a significant effect
on crop and land use. There is a need for systematic collection of data on
bioenergy crops nationwide. This could be carried out through Defra’s June
Survey of the agricultural industry.

Questions covering the area of biomass crops grown and on the use of
already surveyed woodlands for bioenergy could be usefully added to this
survey. At the present low uptake of bespoke biomass crops it would be
difficult for the June Survey to draw a statistically representative sample. Such
a situation can lead to changes and impacts only being detected after the
event, unless pre-emptory targeted surveys are used.

Across Europe and the UK, under-managed woodlands and forest represent
both a haven for biodiversity and an under-utilised energy resource. If the
demand for wood fuel increases (cf map catchment areas for 25 per cent from
domestic supplies), pressure will develop to reconcile these two conflicting
interests. Effective monitoring of the developing situation is essential.

All bioenergy production is being aimed at reducing GHG emissions. It would
be beneficial to many parties if some measures to monitor the changes in
carbon status associated with land use changes were introduced. Many
sustainability certification schemes rely heavily on ‘book values’. The maps in
this report show the wide potential land coverage and carbon status of the
current situations. This requires monitoring to provide real data that will
support the developing carbon markets.

With increasing interest in AD and increases in scale of operation, disposal of
digestate to land is worthy of further study. There may be scope for optimising
any benefits that may accrue for soil, air and water resources. The comments
in the fourth bullet point above are also applicable here.

Fully developed crops of SRC and Miscanthus have been shown to have
water demands in excess of conventional crops. The impact of widespread
planting on water fluxes, particularly in water stressed areas (Figure 23),
needs to be monitored.

The deployment of biomass through widespread distributed domestic use
requires the overheads of a retail distribution network, while avoiding some of
the efficiency losses associated with large scale electricity generation and
transmission. This justifies further study and will have implications for the
feedstock catchments reported here.
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List of abbreviations

AD Anaerobic digestion

AONB Area of outstanding natural beauty
BOD Biological oxygen demand

CAD Centralised anaerobic digestion
CAP Common agricultural policy

CO Carbon monoxide

COD Chemical oxygen demand

C:N Ratio of carbon to nitrogen

C&S Carbon and sustainability

EA Environment Agency

ECS Energy crops scheme

ESC Ecological site classification

FIO Faecal indicator organisms

fw Freshweight

GAEC Good agricultural and environmental conditions
GHG Greenhouse gas

GIS Geographical information systems
GJ Giga joules

GOR Government office region

ha Hectare

HEAR High erucic acid rape

IPU Isoproturon

J Joules

kW Kilowatt

km Kilometre

m Metre

M Million

MMDB Manure management database
MWh Mega watt-hour

MSW Municipal solid waste

N Nitrogen

NH,4 Ammonia

NIWT National inventory of woodland and trees
NNFCC National Non-Food Crops Centre
NO3 Nitrate

NOx Mono nitrogen oxides (such as NO, NO,)
NVZ Nitrogen vulnerable zone

odt Oven dry tonne

OSR Oilseed rape

P Phosphate

RFO Renewable Fuels Obligation

ROC Renewables Obligation Certificates
RTFO Renewable Transport Fuels Obligation
RVO Recycled vegetable oil (also known as used cooking oil)
SO, Sulphur dioxide

SOx Sulphur oxides

SPS Single payment scheme

SRC Short rotation coppice

SRF Short rotation forestry

WFD Water Framework Directive

yr Year
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Glossary of terms

Anaerobic
digestion

Biogas

Biomass

Biological oxygen
demand

Break crop

Centralised
anaerobic digestion

Common
Agricultural Policy

Carbon and

sustainability
guidance

Catchment
sensitive farming

Clean Air Act

Chemical oxygen
demand

Co-firing

Digestate
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The breakdown of organic material such as slurries, manures and
organic municipal wastes in the absence of oxygen. Produces
methane gas which can be burned to produce heat and electricity or,
as in several European countries, used to produce a transport fuel.
The residual material is known as a digestate.

The gas resulting from anaerobic digestion. Biogas is made up of 50-
80 per cent methane, 20-50 per cent carbon dioxide and trace
amounts of other gases such as hydrogen sulphide, ammonia and
hydrogen.

Organic materials derived from recently living materials. In this report
we use biomass to refer to trees, short rotation coppice, Miscanthus,
and livestock and municipal solid organic wastes.

The amount of oxygen required for breakdown of organic materials in
the water.

A change in crop in an arable rotation, used as a way to maintain
fertility and reduce pests and diseases. Oilseed rape and sugar beet
are used as break crops in predominantly wheat-based rotations in the
UK.

Centralised anaerobic digestion (CAD) uses both livestock wastes and
organic municipal solid waste arisings such as food processing
wastes. CAD plants are usually bigger than on-farm plants and accept
wastes from a number of facilities within the immediate locality.

European scheme providing financial assistance to farmers.

A series of guidelines produced for the UK government as part of the
Renewable Transport Fuel Obligation to promote the reporting of
information to encourage the supply of biofuels that do not have a
negative effect on the environment.

A programme aiming to tackle the problem of diffuse water pollution
arising from agriculture in 40 catchments throughout England.

Act introduced in 1993 (amalgamating previous Clean Air Acts in 1954
and 1968) which restricts smoke emissions from premises and limits
particulate emissions.

Measure of oxygen required to oxidise organic and oxidisable
inorganic compounds.

Combustion of biomass alongside fossil fuels. Co-firing in the UK
varies from 2 to 20 per cent of the energy content of the plant.

Residual material left over from anaerobic digestion of organic wastes
which can be spread to land as a fertiliser source or soil conditioner.

Science Report — Bioenergy Review — Mapping Work



Energy Crops
Scheme

EU Nitrates
Directive

Faecal indicator
organisms

Integrated Pollution
Prevention and
Control (IPPC)

Meat and bone
meal

Nitrogen
Vulnerable Zones

RB209

Renewables
Obligation
Certificate

Renewable
Transport Fuels
Obligation

Recycled vegetable
oil

Set-aside
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Provides significant subsidies to offset the initial high costs of
establishing the bioenergy crops Miscanthus and short rotation
coppice.

European Union directive introduced in 1991 which aims to protect
waters from pollution caused by nitrate use in agriculture. All areas
draining into waters at risk of exceeding nitrate levels in water are
designated Nitrogen Vulnerable Zones.

Organisms within water which are indicative of faecal contamination.
These include total coliforms, faecal coliforms, Escherichia coli,
enterococci, vibrio and salmonella.

Introduced in 1999, IPPC is designed to prevent or reduce pollution
from industrial and other installations, including some waste
management facilities by means of integrating permitting process as
based on the application of best available techniques.

Product of the rendering industry; can also include food processing
wastes.

Areas which are, or are at risk of, exceeding nitrate levels in waters as
defined by the EU nitrates directive. These areas are subject to a
series of regulations which aim to reduce the leaching of nitrate to
surface and ground waters by regulating the timing and rate of
application of inorganic and organic nitrogen fertiliser sources to their
land.

Defra book which sets out fertiliser recommendations for a range of
crops given different soil types, economic conditions and end use
markets.

Renewables Obligation Certificates are allocated for every MWh of
renewable electricity which a generator produces.

The UK interpretation of the EU Biofuels Directive. The RTFO
stipulates that an increasing proportion of transport biofuel sales
should be from renewable sources: by 2010, five per cent of all
transport biofuel sales (by volume) should be renewable.

Vegetable oil which has been previously used in catering
establishments and food processors. Sometimes called ‘used cooking
oil’.

Requirement for a certain area of land on farms to be taken out of
production, as part of the CAP measures to combat over-production of
foods within the EU. Set-aside land could be used for production of
crops for industrial uses and for energy crops subject to an end use
contract being in place. Compulsory set-aside was set at zero per cent
in 2007 and 2008, and it is believed that it will be permanently
abolished.
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Short rotation
coppice

Single farm

payment

Tallow

Thermochemical
processing

Water Framework
Directive

Yield class
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High-yielding varieties of willow which are harvested every three years
and used for energy production. Poplar can also be used, although
there are negligible amounts grown commercially in the UK at present
compared to SRC.

The principal subsidy mechanism in the EU where farmers and
landowners are paid according to the amount of land they have rather
than their production. This allows farmers greater freedom to produce
according to market demands. Payment of the single farm payment is
highly linked to compliance with various environmental schemes.

Animal fat produced by rendering which can be used for oleochemical
production, combustion or biodiesel production.

In this report this is used as a generic term for a range of conversion
systems which allow the conversion of biomass material to fuels, such
as vegetable oil hydrogenation, hydrothermal upgrading, pyrolysis,
biomass to liquids and torrefaction.

Directive aiming to increase water quality throughout the EU. Also
known as Directive 2000/60/EC.

An indication of the productivity of a forest species. A tree stand of a

species with a yield class of 12 will show an increase of 12m® of
material per hectare each year.
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Appendix

Annexes from COUNCIL REGULATION (EC) No. 1782/2003 of 29 September 2003
establishing common rules for direct support schemes under the common agricultural
policy and establishing certain support schemes for farmers.

ANNEX 1l

Statutory management requirements referred to in Articles 3 and 4
A. Applicable from 1.1.2005

Environment

1. Council Directive 79/409/EEC of 2 April 1979 on the conservation of wild birds
(OJ L 103, 25.4.1979, p. 1) Articles 3, 4(1), (2), (4), 5, 7 and 8.

2. Council Directive 80/68/EEC of 17 December 1979 on the protection of
groundwater against pollution caused by certain dangerous substances (OJ L 20,
26.1.1980, p. 43) Articles 4 and 5.

3. Council Directive 86/278/EEC of 12 June 1986 on the protection of the environment,
and in particular of the soil, when sewage sludge is used in agriculture
(OJ L 181, 4.7.1986, p. 6) Article 3.

4. Council Directive 91/676/EEC of 12 December 1991 concerning the protection of
waters against pollution caused by nitrates from agricultural sources (OJ L 375,
31.12.1991, p. 1) Articles 4 and 5.

5. Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats
and of wild flora and fauna (OJ L 206, 22.7.1992, p. 7) Articles 6, 13, 15, and 22(b).

B. Applicable from 1.1.2006
Public, animal and plant health

9. Council Directive 91/414/EEC of 15 July 1991 concerning the placing of plant
protection products on the market (OJ L 230, 19.8.1991, p. 1) Article 3.

11. Regulation (EC) No. 178/2002 of the European Parliament and of the Council of 28
January 2002 laying down the general principles and requirements of food law,
establishing the European Food Safety Authority and laying down procedures in
matters of food safety (OJ L 31, 1.2.2002, p. 1) Articles 14, 15, 17(1), 18, 19 and 20.
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ANNEX IV

Good agricultural and environmental condition referred to in Article 5

Issue

Standards

Soil erosion:

Protect soil through appropriate
measures.

— Minimum soil cover.

— Minimum land management reflecting site-
specific conditions.
— Retain terraces.

Soil organic matter:

Maintain soil organic matter levels
through appropriate practices.

— Standards for crop rotations where applicable.

— Arable stubble management.

Soil structure:
Maintain soil structure through
appropriate measures.

— Appropriate machinery use.

Minimum level of maintenance:

Ensure a minimum level of maintenance
and avoid the deterioration of habitats.

— Minimum livestock stocking rates or/and
appropriate Regimes.

— Protection of permanent pasture.

— Retention of landscape features.

— Avoiding the encroachment of unwanted
vegetation on agricultural land.
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We welcome views from our users, stakeholders and the public, including comments
about the content and presentation of this report. If you are happy with our service, please
tell us about it. It helps us to identify good practice and rewards our staff. If you are
unhappy with our service, please let us know how we can improve it.
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Would you like to find out more about us,
or about your environment?

Then call us on
08708 506 506 (Mon-Fri 8-6)

email
enquiries@environment-agency.gov.uk

or visit our website
www.environment-agency.gov.uk

incident hotline 0800 80 70 60 (24hrs)
floodline 0845 988 1188

* Approximate call costs: 8p plus 6p per minute (standard landline).
Please note charges will vary across telephone providers

[ )/
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