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Abstract

In seeking both to tackle climate change and ensure that the UK has a secure supply
of affordable energy, the UK Government is proposing a significant expansion in the
generation of energy from renewable sources. Under the Renewable Energy
Directive, the UK is committed to providing renewable sources for 15% of its total
energy use by 2020. While there is considerable theoretical potential, a number of
socio-economic constraints threaten the achievement of this target. This research
develops a more quantitative understanding of such constraints for two renewable
energy sources with significant potential; perennial energy crops, and onshore wind
power. For perennial energy crops such as Short Rotation Coppice (SRC) Willow,
and Miscanthus, a major constraint is the extent to which UK farmers will commit
land to the production of these relatively novel crops. For onshore wind power, a key
constraint is that of public perception, related primarily to the visual impact on
landscapes. The research uses a number of approaches, drawing on social-
psychology techniques, mathematical programming, and cost-benefit analysis, to
develop a better understanding of the nature and extent of key barriers. As a result, a
number of policy relevant findings lead to the identification of cost-effective ways in

which barriers to development can be addressed.
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Chapter 1

1.0 Thesis Structure

The first chapter of this thesis introduces the area of research, and briefly outlines the
policy context, the specific research questions, and the methods and approaches that

are used and reported on in the four chapters that follow.

These four main chapters of the thesis are based on papers that have either been
published in an academic journal (Chapters 2, 3 and 5) or in conference proceedings
(Chapter 4). Accordingly, as is the case with such journal papers, relatively little
space was available for methodological and critical review. Furthermore, these
chapters that draw on published articles have not simply been reprinted, but have
been edited to make them appropriate for the thesis. Therefore, the approaches and
methods used in the reported studies are briefly reviewed at appropriate places in the

individual chapters, with a more in depth critical review taking place in Chapter 6.

The four published papers each have a number of authors, and the division of labour

and responsibilities are as follows:

Chapter 2 is based on Sherrington, C., Bartley, J. and Moran, D., 2008. Farm-level
constraints on the domestic supply of energy crops in the UK, Energy Policy 36,
2504 - 2512. Justin Bartley of the Institute for European Environmental Policy was
responsible for arranging venues for the three focus groups, recruiting farmers, and
writing up his own notes from the meetings which were then cross-checked by the
lead author, to ensure that his own reporting of the findings had covered all the
relevant points. The lead author prepared the questions for the focus groups, and
wrote up notes based on the farmers’ statements, which were also recorded on an
audio tape. To enable the lead author and Justin Bartley to concentrate on noting
responses, the focus groups were facilitated by an independent consultant. The lead

author attended the first focus group, and wrote up his notes from that group having



listened again via the recording. The lead author did not attend the next two focus
groups, but listened through twice to the recordings, and checked his notes against
those of Justin Bartley. The lead author wrote the paper, including the introduction to
the relevant agricultural and energy policies, consideration of levels of energy crop
uptake to date and the key recommendations. Dominic Moran reviewed the final
paper before submission. The published paper is reproduced in full as Appendix
A2.0

Chapter 3 is based on Sherrington, C. and Moran, D., 2008. Farmer attitudes and
intentions towards the adoption of perennial energy crops in the UK: An application
of the Theory of Planned Behaviour, Proceedings of the 16" European Biomass
Conference, Valencia, Spain, 5 June 2008. The lead author prepared and trialled the
questionnaires, undertook all the statistical analysis and wrote the paper. Dominic
Moran reviewed the paper before submission. This conference paper is reproduced in

full as Appendix A.3.0

Chapter 4 is based on Sherrington, C. & Moran, D., (2010) Modelling farmer uptake
of perennial energy crops in the UK, Energy Policy 38, 3567 - 3578. The lead author
undertook all of the modelling and wrote the paper, which was reviewed by Dominic

Moran before submission. The published paper is reproduced in full as Appendix
A4.0

Chapter 5 is based on Moran, D. & Sherrington, C., 2007. An economic assessment
of windfarm power generation in Scotland including externalities, Energy Policy 35,
2811-2825. While C. Sherrington was in fact the lead author, undertaking all of the
modelling and preparation of the paper, due to a misunderstanding during
submission, the details were incorrectly recorded. The paper was reviewed by
Dominic Moran before submission. The published paper is reproduced in full as

Appendix A.5.0



2.0 Introduction

In seeking both to tackle climate change and ensure that the UK has a secure supply
of affordable energy, the UK Government is proposing a significant expansion in the
generation of energy from renewable sources (DECC, 2009a). Measures set out in
the 2007 Energy White Paper were intended to increase the proportion of overall
energy needs - that is a combination of electricity, heat and transport fuel - met by
renewable sources from their current level of 1.5% to 5% by 2020 (DTI, 2007). Since
then the UK has committed to the more ambitious EU-wide target within the
Renewable Energy Directive to source 20% of the EU's total energy use from
renewable sources by 2020 (European Parliament and Council of the European
Union, 2009). The UK’s contribution towards this target is to provide renewable
sources for 15% of its total energy use by 2020 (European Parliament and Council of
the European Union, 2009). This would represent a ten-fold increase in levels of

renewable generation over the next decade.

The UK Government’s Renewable Energy Strategy, which outlines how this level of
generation could be achieved, indicates that with the largest wind resource in Europe
wind power could provide two-thirds of the UK’s renewable electricity by 2020,
while around 30% of the UK’s overall renewable energy target, for heat, transport
fuel and electricity, could come from biomass (DECC, 2009a).

There are a number of barriers that threaten the attainment of these targets. For
biomass energy, the potential for imports notwithstanding, a key consideration is
whether UK farmers will supply sufficient feedstock. This thesis therefore
concentrates on barriers to the adoption by farmers of perennial energy crops such as
short rotation coppice (SRC) willow, and miscanthus. For wind power, opposition to
the visual impact of windfarms, and the way in which the planning system deals with
this issue has long been seen as a key barrier to development, and this thesis
therefore considers the way in which the attributes of onshore wind proposals are

evaluated.

L8]



The central contention of this thesis is that a clear understanding of the nature of
these barriers is necessary not only to enable the targets to be achieved, but to ensure

that they can be achieved in an efficient manner.

This introductory chapter is structured as follows. The potential UK biomass
resource is briefly outlined below, highlighting the important role of perennial
energy crops in the Government’s ambitions for enhancing the domestic supply of
biomass. Having illustrated this potential, a number of salient barriers to the adoption
of perennial energy crops, as identified in the course of the research for this thesis,
are highlighted. The three papers that investigate and develop an understanding of
farm level barriers to adoption are then introduced, with a description of the focus of
each, and an explanation of the way in which each piece of research develops the key

arguments.

The potential for further development of wind power in the UK is then introduced,
alongside an initial consideration of the role of the planning system in assessing
which projects should proceed, and the extent to which planning can act as a barrier
to the achievement of national targets. The fourth paper in the thesis, applying an
alternative approach to the evaluation of an onshore windfarm proposal in Scotland,

is then introduced.

There are some illustrative contrasts between two main areas of focus, as well as a
number of common themes that became evident through the research. These
common themes are discussed prior to a more in-depth introduction to the research

approach to each of the papers.

2.1 Barriers to the adoption of perennial energy crops

The term 'biomass' covers a range of renewable fuels derived from organic matter, of
which there are a number of possible sources in the UK. These include landfill gas,
sewage gas, forestry, wood waste, conventional agricultural crops such as wheat and
oilseed rape, straw, perennial energy crops, and agricultural waste (RCEP, 2004;

Defra, 2007). To increase available biomass, Defra (2007) favours obtaining an

4



additional 1 million dry tonnes of wood per annum from woodland and wood waste,
more use of manures and slurries, and a substantial growth in the uptake of perennial
energy crops such as short rotation coppice (SRC) willow and miscanthus. Of these
sources, it is the anticipated change in levels of perennial energy crops that is most
dramatic, from under 16,000 hectares (ha) at present to 350,000 ha by 2020. This
represents approximately a 20-fold increase, and would occupy roughly 6.5% of UK

arable and set-aside land (Defra, 2007).

Despite the implementation of a number of Government backed schemes to support
the adoption of perennial energy crops by UK farmers over the past decade, the area
of land allocated to such crops has fallen far short of stated scheme objectives
(Sherrington et al., 2008; RELU, 2009). Looking ahead, the research undertaken for
this thesis suggests that UK farmers are not actually likely to supply perennial energy
crops to the extent envisaged by the UK Government, unless a number of barriers to
their adoption are overcome. Furthermore, while the Government has acknowledged
that uptake to date has been lower than anticipated, their preferred method of
stimulating supply, even if successful, is shown, through this research, to be a more
expensive approach than could be achieved through directly tackling these barriers.
The three papers in this thesis that investigate farmer attitudes and intentions towards
the adoption of perennial energy crops, include a number of important

recommendations for policy makers.

The central argument about the nature of the barriers to adoption is progressively
developed through the three papers, with each building upon, and re-inforcing, the

core findings and policy recommendations.

The first, (Sherrington et al., 2008) forms the basis for the two subsequent papers by
reporting the findings of three focus groups. These involved a mixture of farmers
who were already growing perennial energy crops, and those who were considering,
or had chosen not to grow these crops. Each focus group was undertaken in an area
where markets for perennial energy crops existed, and where supply contracts were
available. The research identified a number of important barriers to adoption for both
miscanthus and SRC willow, with the findings reported, and the paper referenced. in

a supporting document to the Gallagher Review (Woods and Black, 2008).

5



The second paper, (Sherrington & Moran, 2008) took barriers (and drivers) identified
by the focus groups, and tested the relative importance of each through application of
a social-psychology technique, the Theory of Planned Behaviour (Ajzen, 1991). The
use of a postal survey enabled coverage of a large enough sample of farmers to
ensure that the results were of statistical significance. Farmers were asked about their
behavioural intentions, attitudes, social norms and their perception of behavioural
control towards adoption of perennial energy crops. The results of this research were
presented to the TSEC-Biosys consortium, prior to their publication at the 2008
European Biomass Conference, in Valencia. Spain. The research identified that UK
farmers were not likely to grow perennial energy crops due to the existence of a
number of financial (and arguably non-financial) barriers. From these findings a

number of significant recommendations for policy makers were developed.

The third paper, (Sherrington & Moran, 2010) abstracts from the barriers identified
in the first two papers, and investigates the level of adoption of perennial energy
crops that would theoretically be achieved at different levels of gross margin
(revenue minus variable costs). The linear programming modelling approach treats
perennial energy crops as “another activity” in which the farmer might engage. The
results suggest that taking account of existing support schemes and contracts,
adoption of perennial energy crops should be significantly more widespread than at
present. While theoretically profitable, the disparity between model and reality acts
to confirm the existence and significance of the barriers identified by the previous

papers. Again, a number of recommendations for policy makers arise from this

paper.

2.2 Barriers to the development of wind power in the UK

While farmers may not have shown great enthusiasm towards the adoption of
perennial energy crops, by stark contrast, what has by some been termed a ‘wind
rush’ is currently taking place in the UK (Country Guardian, 2009). There exists, due
to the financial support available through the Renewables Obligation, a considerable

appetite on the part of developers to construct and operate windfarms.



The Government’s Renewable Energy Strategy suggests that meeting the 2020 target
would require an installed capacity of approximately 14GW of onshore wind
(DECC, 2009a). Onshore there is currently 3.2GW installed, 0.8 GW under
construction, and 3.4GW with planning approval — totalling 7.4GW, which is just
over half way to meeting the target. There is another 7.4GW awaiting planning
permission, which, if approved would be sufficient to meet the 14GW target
(BWEA, 2009). Subject to planning permission, the Government expects that a large
proportion of onshore wind development will take place in Scotland (BERR, 2008).

A significant potential constraint on the attainment of these targets is therefore, as
alluded to above, whether sufficient schemes will actually be granted planning
permission. The issue of negative public perception of windfarms, primarily relating
to the expected visual impact, has caused many applications to be rejected to date.
Figures released in October 2009 indicate that in the preceding ten months only 25%
of windfarm planning applications submitted to local planning authorities (for sites
of less than 5S0MW capacity) were approved, with approvals on subsequent appeal to
the Planning Inspectorate higher at 62% (BWEA, 2009).

It is the role of planning authorities to determine, albeit not within the framework of
a formal cost-benefit analysis, the “costs’, especially for negative impacts on
landscape, and the benefits, such as the predicted carbon savings, that would arise
from each proposed windfarm. However, without a formal cost-benefit analysis,
there is no clear metric for authorities to assess whether a particular project delivers
an overall benefit to society. The process, which is largely descriptive, fails
effectively to quantify the extent of the likely visual disamenity, and as such makes
for a largely subjective decision on the part of planning authorities as to whether or
not an individual proposal should proceed. It is even more difficult, using this
approach, to compare competing projects in different locations, and thus engender a

level of consistency in decision making.



The result of this, beyond concern among groups such as RenewableUK ' that targets
simply won’t be met, is uncertainty over whether the most efficient locations, in
terms of the range of associated social costs and benefits, are being granted
permission. In societal terms, it is desirable to achieve the targets for installed
capacity in a cost-effective manner, which is something that cannot be ensured under

the present system.

The fourth paper in this thesis demonstrates an alternative approach, applying non-
market valuation techniques to place a monetary value on the visual disamenity
arising from a proposed windfarm. Using this value alongside the monetised benefits
from avoided carbon emissions, and the financial costs and benefits associated with
the project, means that proposals can be compared in a framework that allows for
transparent and consistent assessment. The approach is applied to a proposed (and
since consented) large windfarm in South Lanarkshire, Scotland. Wider application
of such a technique is argued to have the potential to enable selection of the most
efficient projects that should deliver the greatest possible carbon saving from UK

windfarms at least social cost.

2.3 Common Themes

The core argument of this thesis, is that a better understanding is needed of these
barriers to the development of renewable energy in the UK, in order that targets can
be achieved, and achieved in an efficient manner. This theme runs through all four
papers, and in juxtaposing perennial energy crops against wind power, illustrates the
issues that affect renewable energy technologies (and associated inputs) at different

stages in their development.

! The organisation previously known as the British Wind Energy Association



For perennial energy crops, which for farmers represent a novel crop with associated
uncertainties, the investigation is essentially focused on private costs and benefits,
from the farmer’s point of view. The research is trying to understand how the
theoretical benefits, in terms of financial return, can most cost-effectively be realised,

and how the real and perceived costs can best be tackled.

For wind, from the private perspective, the benefits already outweigh the costs as can
be seen from the large number of planning applications that have been submitted by
developers. The technology is proven and well understood, and the assessment is
therefore on the wider societal costs and benefits. However, should perennial energy
crops be adopted on such a scale as to lead to public concern over visual despoliation
of the countryside, the analytical approach as applied to the Scottish windfarm could
equally be used to assess the social costs and benefits associated with large scale

planting of miscanthus or SRC willow.

The remainder of this introduction is structured as follows. Firstly, the technical
potential of perennial energy crops in the UK is outlined, along with a number of
potential constraints that have been identified in the literature. The research approach
is then introduced in more detail, and the progression through the three related papers
is explained. Subsequently, the theoretical potential and possible constraints on the
development of wind power in the UK are discussed, leading to an overview of the

techniques applied in the fourth research paper.



3.0 Perennial Energy Crops: Background and
Research Approach

3.1 Technical potential of perennial energy crops in the UK

The technical potential of energy crops is estimated to be 17.2 TWh ? (1.48 Mtoe) *,
while current availability is 0.07-0.09 Mtoe (Defra, 2007). To reach the technical
potential of perennial energy crops by 2020 (Defra, 2007), would require 350,000
hectares (ha) of land, which is roughly 6.5% of UK arable and set-aside land,
assuming an average annual yield of 9odt/ha * (Defra, 2007). The Renewables
Innovation Review (DTIL, 2003a) suggests this is a realistic area once a number of

constraints, including competition from other markets, are taken into account.

A recently developed range of energy crop scenarios used to inform the Renewable
Energy Strategy suggests that by 2030, using both arable and pasture land, the
potential could be up to 2.2 million hectares (E4Tech, 2009).

The key feature of all these estimates is the assumptions about farmer behaviour.
They take for granted that sufficient farmers will choose to grow perennial crops up
to the level of the constraints that they identify. However, this assumption does not

seem to be supported by experience to date.

? Terrawatt hours (One terrawatt is a trillion, or 10'? watts)

3 Million tonnes of oil equivalent

4 Oven dried tonnes

10



3.2 Current uptake of perennial energy crops in the UK

Defra's Energy Crops Scheme, which provides establishment grants for SRC willow
and miscanthus, was intended to support the planting, by 2006, of 16,700ha of SRC
and 5000ha of miscanthus in England (ADAS, 2003). When the scheme closed to
applications, in July 2006, only 1,180 hectares of SRC and 3,356 ha of miscanthus
had been planted, however, increased interest in the payments, saw applications for
planting in 2007 set to take the area of miscanthus to 12,627ha, and SRC to 2,600ha
in England (Defra, 2006).

In Scotland, the area planted or approved for planting up until the end of 2006 was
300ha, with applications for planting in 2007 and 2008 amounting to around 600ha
(SAC, 2007a). In Northern Ireland, 810ha of SRC have been planted or approved for
planting (DARDNI, 2007), while in Wales there is known to be 40ha of SRC and
72ha of miscanthus (Welsh Assembly Government, 2007).

The latest published figure for the total area of perennial energy crops in the UK is
15,546ha for SRC willow and miscanthus combined (Defra, 2007), however it is
believed that the planted area is now around 17.000ha (RELU, 2009).

3.3 Potential barriers to adoption

There is a growing literature on perennial energy crops and the development of
biomass energy in the UK, Europe and beyond. While there has been much focus on
techno-economic aspects and theoretical supply chain potential, broad stakeholder
opinion, and wider public policy implications, less is known about how individual
farmers will choose to respond to the opportunities presented by these crops.
Strawson (2005), writing from the perspective of a farmer with land already
committed to SRC Willow, and at a time when returns from alternative activities
were much lower than at present, offers a relatively upbeat assessment of the

potential attractiveness of the crop. However, he does identify that some farmers
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have concerns about the long-term commitment of energy end-users, and the ease of
returning fields to arable production, while the collapse of the ARBRE (Arable
Biomass Renewable Energy) project at Eggborough, North Yorkshire, in the late

1990s, serves as a focus for farmer unease (Strawson, 2005).

The suggestion of potential barriers to adoption identified by Strawson (2005),
combined with the low uptake indicates that farmers” attitudes towards perennial
energy crops need to be better understood. In addition to issues of cultivation and the
commitment of energy end-users, perennial energy crops can be considered as a
novel enterprise for UK farmers due to their position at the interface between
agricultural and energy policy. This brings a greater number of uncertainties than
exist with conventional agricultural activities. Several authors have argued that
uncertainty is a key barrier to the successful uptake of emerging renewable
technologies such as bioenergy, principally because it hinders the fulfilment of
entrepreneurial activities. In order for entrepreneurs to act, motivation needs to
outweigh perceived uncertainty. Therefore, identifying dominant sources of

uncertainty can deliver valuable insights for policy makers (Meijer et al., 2007).

In addition, many systems such as energy and agriculture are characterised by lock in
and resistance to change through technological, institutional and social path
dependency, resulting in a variety of barriers for new innovations such as energy
crops and bioenergy. Thus the identification of barriers to farmer adoption of
perennial energy crops, and how these may be overcome is of key importance to

policy makers intent on a significant increase in the use of bioenergy in the UK.

3.4 Research Approach: Theory of Planned Behaviour

For the first two papers, the Theory of Reasoned Action (TORA) (Ajzen & Fishbein,
1980) and its extension the Theory of Planned thaviour (TPB) (Ajzen, 1991)
provide the conceptual framework for exploring farmers’ attitudes and intentions in
respect of the adoption of perennial energy crops. Both theories have been widely

used in agricultural research to understand barriers and drivers to the adoption of new
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technologies and practices (Garforth et al., 2004; Beedell & Rehman, 2000) and to
estimate the likely scale of adoption of particular activities (Mattison & Norris,

2007).

According to the TORA, the intention to adopt a particular behaviour is a function of
attitudes towards the behaviour and the subjective norm, that is the extent to which
one is influenced by the views of other people regarding the behaviour (Ajzen &

Fishbein, 1980).

Attitudes are a product of the extent to which one expects the behaviour to result in
specific outcomes (outcome beliefs) and the importance of those outcomes (outcome
evaluations). The subjective norm is a function of the perceived support of salient
referents (people to whom respondents might turn for advice) towards the behaviour
(subjective beliefs) and the motivation to comply with those beliefs. The TORA
claims that the intention to perform a particular behaviour is a reliable indicator of
actual future behaviour if the expressed attitude towards this behaviour and/or the
perceived social pressure to do so correlate closely with the stated intent. A
comparison of the strength of correlation of the attitude and subjective norm with the
stated intent towards the adoption of SRC willow or miscanthus indicates which of
the two components has greater influence on the farmers' decision relating to the

adoption of these crops (Ajzen & Fishbein, 1980).

Theoretical developments in social psychology led to the Theory of Planned
Behaviour (see Figure 1), an extension of the TORA that incorporates 'perceived
behavioural control' as a measure of the extent to which people believe they are able
to control the outcome (Ajzen, 1991). This followed studies suggesting that TORA
performed poorly where the perceived efficacy of achieving the expected result was
low - in which case the behaviour would not be attempted regardless of the strength

of the attitudinal and social influences (Burton, 2004).

Perceived behavioural control is an individual's assessment of their own ability
(control belief) to perform a particular behaviour and their capability (power of
control). The TPB states that perceived behavioural control can also predict

behavioural intent. The contribution of perceived behavioural control is assessed by
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comparing the strength of its correlation with intent with that of the other two causal

components (Ajzen, 1991).

outcome
belief \ :
attitude
outcome i
evaluation
subjective
belief \ = s . ;
subjective intention »| behaviour
| —" norm
motivation
to comply
control
belief \ .
perceived
| ___—"] behavioural
power of control
control

Figure 1: Theory of Planned Behaviour (Ajzen, 1991)

Of central importance within a TPB study is the principle of compatibility, that is
"relations between attitudes and behaviours are maximally strong to the extent that
their action, target, context, and time elements are assessed at the same level of
generality or specificity" (Eagly and Chaiken, 1993). In this study the TPB is
applied to predicting farmers' behaviour towards the adoption of perennial energy

crops over the next five years.
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3.5 Research Approach: Focus groups

The first stage of the research involves using focus groups to gather a range of
statements from farmers relating to their attitudes to the adoption of perennial energy
crops. Focus groups are distinguished from other methods of group interviewing,
such as 'brainstorming' or Delphi groups, by the explicit use of the group interaction
to produce data and insights that would be less accessible without the interaction
found in a group (Morgan, 1988). According to Morgan (1988) “focus groups are
useful when it comes to investigating what participants think but they excel at

uncovering why participants think as they do’

Focus groups have previously been used for TPB studies (Beedell & Rehman, 2000;
Garforth et al., 2004), as they have the advantage of enabling data from a group of
people to be gathered more quickly than through individual interviews, and they also
permit the researcher to immediately follow-up participant statements in order to

clarify responses.

However, there is also the risk that some participants may dominate proceedings,
leading more reserved members to hold back.. It must also be borne in mind that the
small number of participants mean that findings can't necessarily be generalised to
wider populations. It is for this reason, as in this case, that focus groups are often
used as a preliminary stage in a larger research program that includes a more

representative survey of the population (Walker 1985).

Three groups, held in Thame (Oxfordshire), Bawtry (Nottinghamshire), and
Scotlandwell (Fife), took place between November 2006 and January 2007. The
locations were chosen for proximity to existing or proposed co-firing or dedicated
biomass power plants. Participants were sought through a number of channels
(producer groups, Farming and Wildlife Advisory Group (FWAG), National
Farmers” Union of England and Wales (NFU) and SAC advisory service) with the
intention being to get a broad mix of existing and potential growers of miscanthus
and SRC willow.
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The discussions were recorded and the output analysed by two researchers, grouping
responses into key themes. The findings from this stage are reported in the first

paper, ‘Farm-level constraints on the uptake of perennial energy crops in the UK.

3.6 Research Approach: Postal survey

The second stage involved using the identified outcome beliefs and salient referents
in a structured questionnaire. Following a pilot survey, questionnaires were sent to
1500 farmers in three areas where SRC willow and miscanthus had already been
planted under Defra's Energy Crops Scheme in England, and that were within 25
miles of either a co-firing or dedicated biomass power plant. It was decided that this
would be preferable to a survey covering the whole of the UK, as in some areas there
has been no development of perennial energy crops, co-firing or dedicated biomass
power plant. By focusing on areas where there is an existing source of demand, it
was considered that the questionnaires would be of more relevance to farmers.
Within these areas, farmers were selected at random from a business directory. In all,

150 usable responses were received - a response rate of 10%.

Farmers were asked to score a response to the questions on a 5 point scale. These
responses were numerically coded from -2 to +2 for analysis. Table 1 shows the

question structure for each construct.
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TPB Construct

Question Structure

Measurement scale

Behavioural
intention

Are you intending to plant SRC willow
on your farm in the next 5 years?

Certainly not, probably not,
unsure, probably, certainly

Stated attitude

Choosing to plant SRC willow on my
farm in the next 5 years would be a
good decision

Strongly disagree,
disagree, unsure, agree,
strongly agree

Stated
subjective norm

People whose opinions | value think |
should plant SRC willow on my farm in
the next 5 years

Strongly disagree,
disagree, unsure, agree,
strongly agree

Outcome
evaluation

Do you agree or disagree with the
following statements?

Strongly disagree,
disagree, unsure, agree,
strongly agree

Belief strength

How important are the following to
you?

Unimportant, not very
important, no opinion,
important, very important

Subjective
belief

Do you think the following would
approve or disapprove of you growing
SRC willow on your farm in the next 5

years?

Strongly disapprove,
disapprove, unsure,
approve, strongly approve

Motivation to
comply

Would you follow the advice of the
groups below in deciding whether or
not to grow SRC willow on your farm in
the next 5 years?

Very unlikely, unlikely,
unsure, likely, highly likely

Perceived
difficulty

How difficult would it be to grow SRC
willow on your farm in the next 5
years?

Very difficult, difficult,
unsure, easy, very easy

Perceived
ability

How confident are you of being able to
grow SRC willow on your farm in the
next 5 years?

Not at all confident, not very
confident, don't know,
confident, very confident

Table 1: Question structure for the TPB survey

Farmers were also invited to add their own thoughts in a comments box at the end of
the questionnaire. The findings from this stage are reported in the second paper.
‘Farmer attitudes and intentions towards the adoption of perennial energy crops in

the UK: An application of the Theory of Planned Behaviour’.



3.7 Research Approach: Farm-level linear programming model

The third paper abstracts from the uncertainties that are identified in the previous two
papers, and looks at the level of financial return required to motivate farmers to adopt
perennial energy crops under the assumption of a profit maximising decision maker,

and in the absence of previously identified barriers.

While the literature on farmer decision making suggests numerous objectives beyond
profit maximisation (Burton, 2004; Gasson, 1973), the modelling of ‘rational
economic man’, for the purposes of this research, does allow for the identification of

key messages about the existence of barriers to uptake.

A generic linear programming model for farm-level analysis, developed at the
Scottish Agricultural College (SAC) was used to assess the likely uptake of perennial
energy crops at different levels of gross margin. The model can be calibrated to
represent any particular farm situation, in terms of basic resource endowments, and
run using Visual Basic for Applications and Microsoft Excel Solver to simulate
representative or real farm situations. The model has been used in various studies,
e.g. Revell and Oglethorpe (2003), to analyse the economic impacts of policy
developments on farm businesses, particularly relating to how enterprise
substitutions may occur. The model incorporates all major cropping and livestock
activities carried out on UK farms and can thus be calibrated for all mainstream

farming types (University of Cambridge, 2005).

The model was used by University of Cambridge (2005) to predict uptake of
perennial energy crops across four of the major farm types (cereal farms, mixed
farms, general cropping farms, cattle and sheep (lowland) farms). Each of these farm
types were split into three size groups to enable further analysis of possible
differential levels of uptake (see Table 2). Within rotational constraints, the simple
analysis was that, all else being equal, SRC willow and miscanthus would have to
provide gross margins greater than those for alternative crops to be adopted. Costs,
prices and resource requirements for conventional activities were obtained from the

2002/03 edition of the Farm Management Handbook (SAC, 2002).
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Farm Type Size Total area farmed (ha)

Small 59
Cereal Medium 143
Large 392

Small 91
Mixed Medium 125
Large 286

Small 68

General cropping Medium 88
Large 359

Small 80

Cattle & sheep (lowland) Medium 121
Large 205

Table 2: Farm types used in modelling

With a global boom in agricultural commodity prices over the past few years, UK
farmers are now achieving higher gross margins for a number of conventional crops.
A typical gross margin for winter wheat, for example, has increased from £301/ha
(University of Cambridge, 2005) to £738/ha (Farm Management Handbook,
2007/08). While the prices achieved for such crops have increased considerably, the
focus group participants suggested that prices offered for energy crops have failed to
keep up. Prices for conventional activities included in the model were updated using
the 2007/08 edition of the Farm Management Handbook (SAC, 2007b), and the
analysis re-run to investigate the gross margins that would have to be achieved by

energy crops to bring about adoption.

The findings from this stage are reported in the third paper, ‘Farmer uptake of
perennial energy crops in the UK: Using mathematical programming to model

supply’.




4.0  Wind Power: Background and Research
Approach

4.1 Technical potential of wind power in the UK

The UK has some of the best wind resources in Europe, with high average wind
speeds and good reliability (Sustainable Development Commission, 2005). Figure 2
shows the onshore wind resources, and Figure 3 shows the offshore wind resource. It
is clear from these figures that of all the countries in the UK, Scotland has the

greatest potential for wind energy.

Figure 2: European onshore wind resources. Source: Riso National Laboratory,
Denmark
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Figure 3: European offshore wind resources. Source: Riso National Laboratory,

Denmark

The importance of high average wind speeds becomes clear when considering the
relationship between wind speed and power output from wind turbines. The power
output is approximately proportional to the cube of the wind speed (Manwell et al.,
2002), which means in practice that a doubling of the average wind speed from 4ms™'
to 8ms™ leads to an eight-fold increase in theoretical power output. This makes the
United Kingdom, and Scotland in particular, a very attractive location for developers,
as the primary support mechanism, the Renewables Obligation, is based on output

rather than installed capacity (Ofgem, 2010).
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4.2 Current installed capacity of onshore wind

The Government’s Renewable Energy Strategy suggests that meeting the 2020 target
would require an installed capacity of approximately 14GW of onshore wind
(DECC, 2009a). Onshore there is currently 3.2GW installed, 0.8 GW under
construction, and 3.4GW with planning approval — totalling 7.4GW, which is just
over half way to meeting the target. There is another 7.4GW awaiting planning
permission, which, if approved would be sufficient to meet the 14GW target
(BWEA, 2009b). Subject to planning permission, the Government expects that a
large proportion of onshore wind development will take place in Scotland (BERR,
2008).

4.3 Planning as a barrier to the development of windfarms

It is recognised that a number of non-financial barriers have restrained renewables
development in the UK. These include, in particular, planning issues, access to the
electricity grid, and supply chain constraints (BERR, 2008). Of these, planning is
seen by a number of commentators as being ‘absolutely critical” as it affects both the
building of new generation capacity and the associated electricity grid. For wind
farms, grid connectivity can be especially problematic as the windiest places are

often remote from the existing grid (House of Lords, 2008).

Evidence submitted to a House of Lords Committee by Scottish and Southern Energy
indicated that a new onshore windfarm would take 10 years to develop and build,
with half of that time spent in planning (House of Lords, 2008). The UK Renewable
Energy Strategy consultation document recognises that the Planning Bill will not
bring about a sufficient change to meet the 2020 target (BERR, 2008; House of
Lords, 2008), and the recent House of Lords Committee report finds that:

“Without an effective planning system we do not believe that the UK will be able to
meet its target. It is fundamental that appropriate procedures are put in place to

ensure that new generation plant and grid infrastructure can be increased, subject to
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local considerations. This means that developers must be able to have confidence in

the reliability and consistency of the planning system” (House of Lords, 2008).

The recently formed Infrastructure Planning Committee (IPC), set up under the 2008
Planning Act is intended “to make the application process for nationally significant
infrastructure projects faster and fairer” (IPC, 2010). The IPC is the planning
authority for onshore proposals over 50MW, and offshore proposals over 100MW,
working to implement the approach as outlined in the Draft National Policy
Statement for Renewable Energy Infrastructure (DECC, 2009b), and the Draft
Overarching National Policy Statement for Energy (DECC, 2009c¢). The approach
outlined in these draft National Policy Statements should, at the least, mean that
establishing the need for more renewables would not need to be addressed anew at

every planning enquiry (House of Lords, 2008).

However, there are concerns that with the threshold for consideration by the IPC set
at SOMW, and the British Wind Energy Association anticipating that the majority of
schemes will be below this size, there will be no significant change in the rate at
which planning decisions are progressed. These smaller applications will still be, as
argued by one developer, Ecotricity, ‘subject to the same procedure as a home

extension’, with the process involving the same people (House of Lords, 2008).

Moreover, guidance for both the IPC and local planning authorities on assessing the
landscape and visual impact arising from wind farm developments, still relies on an
approach that is arguably open to much subjective interpretation. The techniques for
evaluation have not changed from those included in guidance from the Scottish

Executive in 2007, as outlined below.

4.4 Planning concerns: Landscape impact versus carbon emissions

In addition to their remoteness from grid infrastructure, the places that are most
attractive in terms of the wind regime are often precisely those exposed upland areas
which are valued for their scenic qualities and which are often ecologically sensitive.

Expansion of wind power will therefore bring a number of associated costs and
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benefits, and it is the role of the planning authorities to strike the appropriate balance

in considering which developments to permit.
Guidance from the Scottish Executive states that:

“Consideration of the significance of any adverse impacts of a renewable generation
proposal should have regard to the projected benefits of the proposal in terms of the
scale of'its contribution to addressing climate change through its contribution to the
Scottish Executive’s targets for renewable energy. A relevant consideration should
be whether such a scale of renewables contribution could be realised with fewer or
lesser impacts in a different location or through several smaller projects™ (Scottish

Executive, 2007).

The Scottish Executive’s guidance does not, however, outline how to achieve the
appropriate balance. While the methodology for landscape and visual impact
assessments is well developed (University of Newcastle, 2002; Landscape Institute &
Institute for Environmental Management and Assessment, 2002), the question
remains as to how tonnes of avoided carbon dioxide emissions should be compared
against the results of a visual impact assessment that presents impact scores using an
ordinal scale? In the absence of a common scaling denominator there would appear
to be significant challenges to establishing, in a transparent and consistent manner,
whether a project’s costs outweigh the benefits, or moreover, to compare competing

projects and rank them.

4.5 Research Approach: Cost Benefit Analysis

The fourth paper in this thesis, ‘An economic assessment of wind power generation
in Scotland, including externalities’, uses a standard UK Government approach to
cost-benefit analysis as outlined in the Treasury’s Green Book. This applies
landscape valuation techniques to establish a monetary value for the visual
disamenity arising from the windfarm, and also uses Government carbon valuation
guidance to place a monetary value on avoided carbon emissions. In so doing, the

paper explores how the apparently intangible non-market impacts can be quantified,
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alongside the financial costs and benefits, to establish the extent of the overall cost or
benefit to society of the proposal. The potential for wider use of such an approach to
more effectively identify and quantify the impacts arising from onshore windfarms is
considered. Enhancing understanding of the relative costs and benefits of schemes,
using such techniques, is argued to have a number of significant advantages over the
cuiient approach, not least of which could be the achievement of targets in a way that

is most cost-effective in societal terms.
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Chapter 2: Farm-level constraints on the domestic

supply of perennial energy crops in the UK

The research presented in this chapter has been published as Sherrington, C., Bartley,
J. and Moran, D., 2008. Farm-level constraints on the domestic supply of energy

crops in the UK, Energy Policy 36, 2504 - 2512.

Justin Bartley of the Institute for European Environmental Policy was responsible for
arranging venues for the three focus groups, recruiting farmers, and writing up his
own notes from the meetings which were then cross-checked by the lead author, to
ensure that his own reporting of the findings had covered all the relevant points. The
lead author prepared the questions for the focus groups, and wrote up notes based on
the farmers” statements, which were also recorded on an audio tape. To enable the
lead author and Justin Bartley to concentrate on noting responses, the focus groups
were facilitated by an independent consultant. The lead author attended the first
focus group. and wrote up his notes from that group having listened again via the
recording. The lead author did not attend the next two focus groups, but listened
through twice to the recordings, and checked his notes against those of Justin
Bartley. The lead author wrote the paper, including the introduction to the relevant
agricultural and energy policies, consideration of levels of energy crop uptake to date
and the key recommendations. Dominic Moran reviewed the final paper before

submission.
Abstract

There are a number of estimates of the land area that could potentially be dedicated
to perennial energy crops such as Short Rotation Coppice (SRC) Willow and
Miscanthus in the UK, but little is known about how farmers will respond to the
opportunities presented by these relatively novel crops. Perennial energy crops face
competition from other, arguably more flexible, uses of farmland, and if not seen as
attractive propositions to individual farmers, they will not be grown. Farmers'
decisions are therefore a key constraint on potential supply. This paper reviews the

policy background and considers whether policy is based on any consideration of
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likely supply response, before presenting outcomes of focus groups composed of
farmers who already grow or are considering growing perennial energy crops. There
appear to be a number of barriers to adoption. In addition to concerns over the
security of contracts, the current high wheat price increases the opportunity cost of
committing land to perennial energy crops. There are also worries about the impact
of willow roots on field drains and the cost of returning the land to other uses. This
paper outlines a number of issues of importance to policy makers and suggests future

research needs.

6.0 Introduction

The twin concerns of climate change and energy security have increased attention on
renewable energy. In the UK, these factors have combined with an agricultural
reform process that has highlighted the need for farmers to diversify away from
traditionally supported arable and livestock products. Accordingly, the UK
Government has in recent years demonstrated an increasing enthusiasm for the use of
biomass as a source of electricity, heat and transport fuel. The UK Biomass Strategy
(Defra, 2007a) states the Government'’s intention to bring about a major expansion in
both the supply and use of biomass in the UK, indicating that biomass will have a
central role to play in meeting the EU target of 20% renewable energy by 2020
(Defra, 2007a).

While the UK Biomass Strategy proposes an increase in the use of biomass for heat,
electricity and biofuels, beyond acknowledging the 10% minimum share of biofuels
target for 2020 (Council of the European Union, 2007) it does not include specific
targets for particular feedstocks or end uses. It does, however, outline what the UK
Government considers to be the potential UK supply of biomass feedstocks up to
2020.

This paper will argue that for perennial energy crop feedstocks such as Short

Rotation Coppice (SRC) Willow and Miscanthus, the likely level of supply will be
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considerably below the theoretical potential unless a number of barriers to their

adoption by farmers are overcome.

The paper adds to a growing literature on perennial energy crops and the
development of biomass energy in the UK, Europe and beyond (Rosenqvist &
Dawson, 2005; Skytte et al., 2006; Charles et al., 2007). While there has been much
focus on techno-economic aspects and theoretical supply chain potential (Andersen
et al., 2005; Ericsson & Nilsson, 2005; Styles & Jones, 2007), broad stakeholder
opinion (Upham & Speakman, 2007), and wider public policy implications (Charles
et al., 2007), relatively little is known about how individual farmers will choose to
respond to the opportunities presented by these relatively novel crops. Strawson
(2005), writing from the perspective of a farmer with land already committed to SRC
Willow, and at a time when returns from alternative activities were much lower than
at present, offers a relatively upbeat assessment of the potential attractiveness of the
crop. However, in the context of a significant and ongoing global rise in the price of
agricultural commodities such as wheat (FAO, 2007), a changing agricultural policy
landscape in the EU (European Commission, 2007) , and a UK renewable energy
support mechanism that is under review (DTI, 2007a) , it is important to gain an up-
to-date understanding of farmers' attitudes and behavioural intentions towards the

adoption of perennial energy crops.

The paper is structured as follows. The next section outlines the framework for
considering farm-level constraints, and is followed by an introduction to UK biomass
resources. A number of estimates of the theoretical potential of perennial energy
crops are discussed, and compared with the recent level of adoption. There follows
an outline of the policies intended to stimulate the use of biomass in the energy mix.
along with details of farm level support for the cultivation of perennial energy crops.
The results of a series of focus groups with farmers discussing adoption of perennial
energy crops are then outlined, with consideration of the implications of the findings

for policy-makers.
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6.1 Framework for considering farm-level constraints on the

adoption of perennial energy crops

Perennial energy crops can be considered as a novel enterprise for UK farmers both
in terms of their cultivation, and in their position at the interface between agricultural
and energy policy. This brings a greater number of uncertainties than exist with
conventional agricultural activities. Several authors have argued that uncertainty is a
key barrier to the successful uptake of emerging renewable technologies such as
bioenergy (Kemp et al., 1998; Foxon et al., 2005), principally because it hinders the
fulfilment of entrepreneurial activities (Jacobsson & Bergek, 2004). In order for
entrepreneurs to act, motivation needs to outweigh perceived uncertainty. Therefore,
identifying dominant sources of uncertainty can deliver valuable insights for policy

makers (Meijer et al., 2007)

In addition, many systems such as energy and agriculture are characterised by lock in
and resistance to change (Unruh, 2000), through technological, institutional and
social path dependency, resulting in a variety of barriers for new innovations such as
energy crops and bioenergy (van der Laak et al., 2007). Much work has been done in
the field of Strategic Niche Management (SNM) to identify what makes for a
successful innovation, or to explain the failure of other innovations (van der Laak et
al., 2007; Raven, 2005). The level of analysis in SNM is typically a series of projects
such as pilot plants and demonstration plants, covering a substantial number of
projects over periods up to 30 years. This yields useful insights for policy makers,
and emphasises the importance of shaping expectations of stakeholders, building
social networks, and of a good learning process (van der Laak, 2007). In addition,
lessons for policy makers can be drawn from research into technological innovation
in the energy sector. A key insight here is that identifying market barriers that stand
in the way of widespread implementation of new technologies, and then designing
ways to overcome these, while concurrently enhancing learning gains, are crucial to

successful energy innovation (Sagar & van der Zwaan, 2006).
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Thus the identification of barriers to farmer adoption of perennial energy crops, and
how these may be overcome is of key importance to policymakers intent on a

significant increase in the use of bioenergy in the UK.

For this study, the Theory of Reasoned Action (TORA) (Ajzen & Fishbein, 1980)
and its extension the Theory of Planned Behaviour (TPB) (Ajzen, 1991) provide the
conceptual framework for exploring farmers’ attitudes and intentions in respect of
the adoption of perennial energy crops. Both theories have been widely used in
agricultural research to understand barriers and drivers to the adoption of new
technologies and practices (Garforth et al., 2004; Beedell & Rehman, 2000) and to

estimate the likely scale of adoption of particular activities (Mattison & Norris, 2007)

The first stage of the research involves using focus groups to gather a range of
statements from farmers relating to their attitudes to the adoption of perennial energy

crops. It is the findings from this first stage that are reported in this paper.

6.2 Potential biomass resources in the UK

There are a number of possible sources of biomass for energy in the UK, including
forestry, wood waste, conventional agricultural crops such as wheat and oilseed rape,

straw, perennial energy crops, and agricultural waste (RCEP, 2004: Defra, 2007a).

To increase available biomass, Defra (2007a) favours obtaining an additional 1
million dry tonnes of wood per annum from woodland and wood waste, more use of
manures and slurries, and a substantial growth in uptake of perennial energy crops
such as SRC Willow and Miscanthus. Of these sources, it is the anticipated change in

levels of perennial energy crops that is most dramatic. The technical potential of
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energy crops is estimated to be 17.2 TWh > (1.48 Mtoe) ®, while current availability
is 0.07-0.09 Mtoe (Defra, 2007a). Such an increase would represent an almost 20-

fold increase in the level of supply, albeit from a low level.

To reach the technical potential of perennial energy crops by 2020 (Defra, 2007a),
would require 350,000 hectares (ha) of land, which is roughly 6.5% of UK arable and
set-aside land, assuming an average annual yield of 9odt/ha 7 (Defra, 2007a). The
Renewables Innovation Review (DTI, 2003b) suggests this is a realistic area once a
number of constraints, including competition from other markets, are taken into

account.

Defra expectations for perennial energy crops are somewhat lower than proposals
from the Royal Commission on Environmental Pollution (RCEP) biomass report
(RCEP. 2004). Focusing on the potential contribution of biomass towards a 60%
reduction in UK CO, emissions by 2050 (RCEP, 2000), it recommends that by 2050
up to 16 Gigawatts (about 12%) of UK energy should come from biomass. To supply
this, about 70 million tonnes of wood would be required per year. If derived from
energy crops at an assumed average yield of 10 odt/ha/yr, this would need 7 million

hectares.

However, assuming the availability of a certain amount of forestry material and
straw, a scenario is outlined where the land required for energy crops would rise

from 1 million hectares in 2020 to 5.5 million hectares in 2050 (RCEP, 2004).

5 Terrawatt hours (One terrawatt is a trillion, or 10'* watts)

¢ Million tonnes of oil equivalent

” Oven dried tonnes
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Other estimates include an assumption by the Carbon Trust (2005) that 680,000 ha
(roughly equal to set-aside) could be available for woody energy crops. This study
notes that estimates of the land area that could be used for energy crops vary greatly,

emphasising the somewhat arbitrary nature of their assumption (Carbon Trust, 2005).

The key feature of all these estimates is the assumptions about farmer behaviour.
They take for granted that sufficient farmers will choose to grow perennial crops up
to the level of the constraints that they identify. However, this assumption does not

seem to be supported by experience to date.

Defra's Energy Crops Scheme, which provides establishment grants for SRC Willow
and Miscanthus, along with support for developing SRC producer groups, had a
number of objectives for the first period of the English Rural Development
Programme (ERDP) (2000 - 2006). These included the planting, by 2006, of
16,700ha of SRC and 5000ha of Miscanthus in England (ADAS, 2003). When the
scheme closed to applications, in July 2006, only 1,180 hectares of SRC and 3,356
ha of Miscanthus had been planted (Defra, 2006a), representing 20% of the target
level. This does, however, mark an improvement over the uptake by the half-way
point in 2003, where only 2% of the SRC target and 3% of the Miscanthus target had
been planted (ADAS, 2003).

More recently, there has been an increase in interest in the payments, with
applications for planting in 2007 due to take the area of Miscanthus to 12,627ha, and
SRC to 2,600ha in England (Defra, 2006a).

In Scotland, the area planted or approved for planting up until the end of 2006 is
300ha. Current applications for planting in 2007 and 2008 amount to around 600ha
(SAC, 2007). In Northern Ireland, 400ha of SRC have been planted or approved for
planting to date, and a further 410ha have been approved for the 2007 planting year
(DARDNI, 2007), while in Wales there is currently 40ha of SRC and 72ha of
Miscanthus (Welsh Assembly Government, 2007).

The latest published figure for the total area of perennial energy crops in the UK is
15,546ha for SRC willow and miscanthus combined (Defra, 2007a).
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6.3 Policies intended to stimulate the use of biomass in the UK

energy mix

6.3.1 Renewables Obligation

The Renewables Obligation (RO) is the UK Government’s key policy mechanism for
increasing the proportion of electricity derived from renewable sources. Under the
scheme, there is a mandatory requirement for UK electricity suppliers to source a
growing percentage of electricity from eligible renewable generation capacity.
Suppliers are required to produce evidence of their compliance with this obligation to
the Office of Gas and Electricity Markets (OFGEM). Evidence can be via
certificates, referred to as Renewable Obligation Certificates (ROCs), which are
currently worth approximately £47/MWh (NFPA, 2007).The target is 10% of UK
electricity from renewable sources by 2010, with an aspiration to reach 20% by 2020
(DTI, 2007a). When introduced in 2002, there was debate as to whether co-firing of
energy crops® with coal should be eligible for receiving ROCs. It was decided that
co-firing should be eligible, in order to stimulate the development of energy crop
supply chains (DTI, 2006b, Ilex Energy Consulting, 2003), but with restrictions,
intended to prevent co-firing swamping the market for ROCs. A 25% cap was placed

on the proportion of a supplier's obligation that could be met from co-fired ROCs;

¥ An energy crop as currently defined by the Office of Gas and Electricity Markets (OFGEM) is a
plant crop planted after 31 December 1989 grown primarily for the purpose of being a fuel or which is
either Miscanthus, SRC Willow or SRC Poplar (OFGEM, 2007). Thus annual crops such as wheat
and rapeseed can be co-fired as energy crops as long as they are I.'grown specifically for the purpose.
However within the RO the focus for co-firing has been on SRC Willow or Miscanthus (Ilex Energy

Consulting, 2003)
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from 2006 at least 75% of the biomass must be from energy crops; and co-firing

would cease to be eligible by 2011.

However, the majority of co-firing has been of imported bio-wastes such as olive pits
and palm kernels (IPA Consulting, 2006), while energy crops represent less than

0.3% by weight of all co-fired biomass.

In 2003, The Renewables Obligation (Amendment) Order Statutory Consultation
noted that minimal planting of energy crops had taken place, with industry arguing
that this was in part due to overly restrictive rules on co-firing in the Obligation; in
particular that co-firing should be permitted only until 2011 (DTI, 2003a). It was
therefore recommended that the requirement to co-fire a proportion of energy crops
should be delayed from 2006 to 2009 to allow more time for planting and cropping
(DTIL, 2003a).

In addition, the date for co-firing to be phased out of the RO was postponed until
2016, and the energy crop requirements were relaxed (25% requirement in 2009,
50% in 2010, and 75% in 2011). Meanwhile the overall cap on co-firing was reduced
(10% from 2006 and 5% from 2011) (DTI, 2006a).

The proposed changes were intended to enable the creation of a market for energy
crops of up to 680,000 odt per annum, generating 1.26 TWh per annum, this being
75% of the 5% of the Obligation in the period 2011-16 (DTI, 2003a). By amending
the start and end-dates for energy crop co-firing, it was intended to allow farmers
three full cropping cycles for SRC planted in the spring of 2005 making this a much

more attractive option in terms of establishing a market for energy crops (DTI,
2003a).

It was, however, argued at the time that extending the eligibility of co-firing would
not provide the necessary stimulus to energy crop development, and that co-firing

would likely displace investment in specialist energy crop combustion plants
(Campbell Carr, 2003).

In the run up to the introduction of the 10% cap in April 2006, a number of concerns

were raised about a 'cliff-edge’ in co-fired ROC prices. This was cited as a reason
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why independent generators, in particular, had failed to sign up to long term supply
contracts with farmers (P6yry Energy Consulting, 2006). In addition, the impending
lowering of the cap raised concerns about reducing the contribution of co-firing to
the abatement of CO, emissions from fossil fuel plant. With the Government
considering electricity generation from coal likely to remain an important part of the
overall generating mix, it was considered appropriate to abate carbon emissions from
coal fired plant as much as possible (DTIL. 2006b). A report commissioned by the UK
Government (Themba Technology, 2006) found that greenhouse gas (GHG)
emission reductions from co-firing can be substantial for a very wide range of
biomass fuels, whether UK-based or imported, and including both biomass residues
and energy crop feedstocks (DTI, 2006b).

The report also found that waste or co-product materials tend to have lower GHG
emissions per unit of energy over their lifecycle than dedicated energy crops
(Themba Technology, 2006), leading to calls for a removal of government subsidies
for dedicated energy crops along with the minimum requirement for energy crops as
part of the co-firing cap (Scottish and Southern Energy, 2006). This position has not
gone unchallenged; a critique of the Themba report has argued that a number of
assumptions lead to a significant underestimate of the sustainability benefits derived

from energy crops, particularly SRC (Alker and Miller, 2006).

As a result of the Themba analysis, and following stakeholder consultation, the
Government announced in the Energy Review Report that co-firing should be
encouraged to play a long-term role in reducing the carbon emissions from fossil fuel
plants (DTI, 2006b). Thus, there has been a change in emphasis from co-firing being
necessary to bring on the development of energy crops, to co-firing itself being an

important source of reducing carbon emissions.

A further amendment to the RO has meant that since April 2007, ROCs awarded for
the co-firing of energy crops do not contribute to a supplier’s 10% co-firing limit
(DTI, 2007a). It was argued that this would create an additional market for energy
crops and so remove the need for the minimum energy crop percentages that would
have been required from 2009 onwards (Lords Hansard, 2007). However, this has

been met with scepticism and disapproval from a number of representatives of
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suppliers of energy crop feedstocks (Country Land and Business Association, 2006;

Bical, 2006)

At present the RO is 'technology neutral’, awarding ROCs for every MWh of
electricity produced from any eligible renewable source. This is subject to change
following a consultation where it is proposed that ‘banding’ be introduced from April
2009 to provide varying levels of support to different technologies. This is to
encourage a greater diversity of renewable technologies and give greater support for
those technologies that are currently less cost-effective. Under the amended
Obligation, the cap on co-firing will be removed, 1 ROC will be awarded for every
MWh from co-firing energy crops, while 2 ROCs will be awarded for every MWh
from energy crops in dedicated biomass burners or in combined heat and power
(CHP) (DTI, 2007a). Co-firing of regular (non-energy crop) biomass, considered an
established technology. will receive a reduced level of support of 0.25 ROCs per
MWh.

It is unclear whether these changes will provide sufficient stimulus for the
development of a domestic supply of SRC and Miscanthus. It is argued by the
National Farmers’ Union (NFU) of England and Wales that the minimum percentage
requirement for energy crops is the most effective way to create long term demand,
and that relying on differential ROC banding provides a less secure market and thus

less incentive for farmers to plant a long term crop (NFU, 2006).

A further question is whether energy crops used for co-firing or in dedicated plant
will actually be SRC Willow and Miscanthus, as the precise conditions required for a
crop to count as an energy crop under the OFGEM definition are still subject to some

uncertainty (Rosillo-Calle and Perry, 2006)

The NFU is keen that the OFGEM definition of energy crops should not restrict the
use of annual crops, and they argue that it is absurd that a crop used to produce
biofuel under the Renewable Transport Fuels Obligation (RTFO) could have its co-
product classified as not being an energy crop under the RO if evidence was not

available to demonstrate that it was always intended for energy use (NFU, 2006).
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Scottish Power believe the definition of energy crops should be extended to include

all energy crop types such as wheat and other grains (Scottish Power, 2006).

Indeed, a DTI report suggests that while most energy crops planted are SRC and
Miscanthus, '"future expansion will probably occur with annual crops, which have the
advantage of being much more compatible with agricultural practices and are finding

considerable favour with farmers/growers' (DTI, 2007b).

As far as the Renewables Obligation is concerned, it does appear that despite the
recent banding proposals, the development of supply chains for Miscanthus and SRC

Willow, once a key aim within the RO, has become a lower priority.

6.3.2 Climate Change Levy

In addition to funding received through the Renewables Obligation, generators of
renewable energy receive a levy exemption certificate (LEC) from the Climate
Change Levy (CCL) for each MWh of renewable electricity produced. This provides
an additional, albeit smaller, revenue stream of £4.3/MWh, although the amount

received by the generator is subject to a supplier margin and is typically lower than
this (Carbon Trust, 2006).

6.3.3 European Union Emissions Trading Scheme

The European Union Emissions Trading Scheme (EU-ETS) also provides a source of
income whereby the use of biomass can count as an emissions saving for installations
taking part in the scheme. The value of the carbon savings varies with the emissions
cap and level of compliance, but will improve the cost-effectiveness of measures
such as switching to biomass heating in industrial units or co-firing in fossil fuel

plants (Rosillo-Calle and Perry, 2006).
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6.3.4 Renewable Transport Fuel Obligation

The Renewable Transport Fuel Obligation (RTFO) is due to commence in April
2008,and will require suppliers of transport fuels to ensure that a certain proportion is
derived from renewable sources such as biofuels. The level of the RTFO will reach
5% by volume by 2010, with the obligation levels in the years 2008/09 and 2009/10
set at 2.5% and 3.75% respectively (Department for Transport, 2007).

It is suggested that the targets will be met both by imports and a proportion of
domestically grown wheat and oilseed rape (Defra, 2007a). If more efficient second
generation biofuels derived from woody crops become available by 2020, as is
expected by Defra (2007a), this could provide a stimulus for SRC Willow and

Miscanthus production.
6.4 Current support for farmers growing dedicated energy crops

A number of grants have been available to farmers throughout the UK for the

establishment of SRC Willow and Miscanthus with an energy end use in mind.

In England, the Energy Crops Scheme (ECS) under the 2000-2006 England Rural
Development Programme (ERDP) offered £1,000/ha for SRC Willow and £920/ha
for Miscanthus. This scheme closed to applicants in the summer of 2006, but a new
ECS, offering establishment grants only, will be available under the Rural
Development Programme for England (RDPE) 2007-2013. This has now opened for
applications although grants are not currently available as the European Commission

has yet to approve the RDPE (Natural England, 2007).

In Scotland, SRC Willow has been eligible for payments of £1,000/ha under the
Scottish Forestry Grants Scheme. Applications for this scheme closed in December
2006. The level of funding and other details of the new Scottish Forestry Grant
Scheme remain dependent on the outcome of the UK's discussions with Brussels

over the Rural Development Programme (SAC, 2007).

In Wales an establishment grant for SRC Willow has been available to landowners

through the Forestry Commission administered Woodland Grant Scheme, but at only
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£600/ha, the grants levels are considerably lower than those available elsewhere.
This scheme closed to new applicants in 2006, and no more establishment grants are

available for SRC at present (Wales Biomass Centre, 2007).

In Northern Ireland, a 3 year Challenge Fund was established for SRC Willow in
2004. The average rate of assistance is £1,920/ha. The Fund has now closed to new

applicants, but a successor programme of support for the continued development of

SRC Willow is being sought (DARDNI, 2007).

In addition, since 2004 payments to landowners of up to €45/ha (depending on the
uptake of the scheme across the EU) have been offered through the CAP under the
Energy Crop Aid Scheme for energy crops (including conventional crops such as
wheat and oilseed) that are not grown on set-aside, which have an end-user contract,

and which provide a security deposit of €60/ha (RPA, 2007).

7.0  Focus group methodology

Against this background of farmer uncertainty, and as the first stage in a two part
Theory of Planned Behaviour (TPB) study (Ajzen, 1991), this study considered the
range of potential attitudes using a focus group approach. Focus groups are
distinguished from other methods of group interviewing, such as 'brainstorming' or
Delphi groups, by the explicit use of the group interaction to produce data and
insights that would be less accessible without the interaction found in a group
(Morgan, 1988). According to Morgan (1988) “focus groups are useful when it
comes to investigating what participants think but they excel at uncovering why

participants think as they do’

Focus groups have previously been used for TPB studies (Beedell & Rehman, 2000;
Garforth et al., 2004), as they have the advantage of énabling data from a group of
people to be gathered more quickly than through individual interviews, and they also
permit the researcher to immediately follow-up participant statements in order to

clarify responses.
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However, there is also the risk that some participants may dominate proceedings,
leading more reserved members to hold back.. It must also be borne in mind that the
small number of participants mean that findings can't necessarily be generalised to
wider populations. It is for this reason, as in this case, that focus groups are often
used as a preliminary stage in a larger research program that includes a more

representative survey of the population (Walker 1985).

Three groups, held in Thame (Oxfordshire), Bawtry (Nottinghamshire), and
Scotlandwell (Fife), took place between November 2006 and January 2007. The
locations were chosen for proximity to existing or proposed co-firing or dedicated
biomass power plants. Participants were sought through a number of channels
(producer groups, Farming and Wildlife Advisory Group (FWAG), National
Farmers’ Union of England and Wales (NFU) and SAC advisory service) with the
intention being to get a broad mix of existing and potential growers of Miscanthus

and SRC Willow.

An independent consultant facilitated the discussions, working through a series of
broad open-ended questions intended to elicit information on the factors which
influence the uptake of dedicated energy crops by farmers. The focus groups
typically continued for between 90 and 120 minutes. The discussions were recorded
and the output analysed by two researchers, grouping responses into the key themes

reported below.

8.0  Findings from focus groups

31 people attended the focus groups including 28 farmers, two producer group
representatives, and a power company consultant. 16 farmers had had experience of
growing SRC Willow with over half of these attending the Bawtry meeting. Several
of these growers originally had contracts with the failed Arbre scheme that was to

supply the Eggborough power station in 2000. But the company behind that project

45



folded in 2002, making 40 people redundant and leaving farmers with acres of half-

grown coppicing plantations on their hands.

In total only two farmers had experience of growing Miscanthus, and thus the
discussions were more focused on SRC Willow. The area of land in energy crop
production on these farms ranged from approximately 5 hectares to 250 hectares,
with a median area of 15 hectares. Four farmers had more than 25 hectares in energy

crop production, and of these two had an area greater than 100 hectares.

8.1 Motivation to grow energy crops

There was broad consensus that the principle factor affecting a farmer’s decision to
grow energy crops or not was the perception of potential financial returns. In this
respect the contracts available to growers under the original Arbre scheme were said

to have been relatively attractive.

Another factor related to personal or ideological beliefs about climate change and
fossil fuel dependency. Many of the farmers thought that growing energy crops was
fundamentally a “good’ thing, whilst at the same time it was widely thought that suck

concerns would be a stronger driver in energy crop production in the future.

However, current uncertainty about the financial viability of energy crops appears
likely to limit uptake in the short-term despite many farmers being supportive of the
underlying principles. A widespread belief was that returns would improve over
time, as the government is forced to increase incentives for growing energy crops as
part of its programme to tackle climate change. Indeed many of the farmers growing
energy crops appear to have speculated that by getting involved at an early stage they

will be well placed to benefit later on.

A further factor mentioned by older farmers was the desire to maintain farm
production while scaling back daily involvement. In this respect contracting out the

entire energy crop production process was seen as attractive.
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8.2 Perceptions of financial return

The prices currently paid for energy crops are felt to be low. A key point is the
comparison of returns with those from alternative crops or land uses. With wheat
having risen dramatically (from £60/t in early 2006 to around £90/t in the second half
of the year), the returns available look even less appealing. Within the groups there
was much speculation (and some excitement) as to how high the wheat price might
go. In this context it was maintained that farmers were very unlikely to sign long-
term contracts for willow at the prices currently on offer. Wheat prices are higher

still in 2007, with London's November wheat futures closing recently at over £140/t

(Farmers Weekly, 2007).

The majority of farmers felt that it was difficult to calculate the returns from energy
crops due to uncertainty over costs, potential yields and prices. In comparison
farmers were very aware of returns from conventional crops and at what prices and
yields they would be profitable. The lack of a mature, fully developed market with
clear prices was part of the problem, with a perceived lack of transparency. At
present, farmers feel they have little choice but to sell to the power stations for co-
firing, where they believe they will always receive the lowest price as the power

stations act as “middle men’ in the supply of energy to consumers.

The preferred situation (thought to be the most profitable) for the farmers would be
to 'supply kilowatts of heat rather than kilograms of wood' to local schools and
hospitals, thus capturing more value through the development of a vertically
integrated business. This market is currently very underdeveloped in the UK and
reliant on investment in biomass boilers and combined heat and power (CHP) plants.
[t is interesting to note that this market has perhaps the greatest potential in terms of
cost-effective GHG savings. Nevertheless, there was acknowledgement that powers

stations had a role to play in developing a market for energy crops.
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8.3 Grant support

Very few farmers said they would consider growing energy crops without
theestablishment grant, due to the high upfront capital costs and uncertainties over
resulting net income. Indeed it was thought that net income would almost certainly
be negative at current market prices without grant support. New applications to the
English Energy Crop Scheme have been suspended since July 2006 with farmers
uncertain as to when these grants will reappear, and expecting grant levels to be
lower than previously available. It was felt these issues send poor signals to potential
growers, particularly as establishment costs are unlikely to fall significantly in the

near future.

The payments of up to €45/ha (on non set-aside) under the EU Energy Crop Aid
Scheme did not seem to be an important factor in encouraging uptake, as payments
are low in comparison to establishment costs. In principle, however, the additional
financial support was welcome. Anecdotal evidence suggests that the administrative
requirements for claiming the Energy Crop Aid can be frustrating for farmers due to
interaction of claims made under the Single Payment Scheme and the requirement

for the processor to lodge a €60/ha deposit.

An important aspect of energy crop production is that producers have high
establishment costs yet no income until the first harvest after 4 years. One
suggestion made at the discussion groups was that grant monies could be targeted at

this period to resolve cash flow problems which may otherwise limit crop uptake.

8.4 Contracts with power stations

There was recognition that with the nature of the cropping cycle, farmers and end-
users would continue to rely on contracts, particularly with limited alternative
markets for dedicated energy crops (SRC in particular, as Miscanthus has alternative
uses e.g. for animal bedding). However, farmers were sceptical that prices offered by

power stations would be sufficient to encourage significant uptake. Many believed
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energy crop prices were calculated when wheat was at £60 per tonne and had failed
to rise sufficiently since then. Some felt contracts allowed for lower prices to be paid
than they had been led to believe. There was also concern about a farmer's ability to
enforce contracts if the end-user decided they didn't want the crop or would only pay
a lower price. Nevertheless, there was widespread acceptance that co-firing offers a

lifeline to energy crop growers and in many cases constitutes the only viable market.

There was a belief that power stations were motivated primarily by renewable energy
obligations and did not really want to use SRC to meet these, as it was more
expensive than alternative co-firing feedstocks from forestry or imports. It was also
felt that power stations were wavering in their commitment to SRC due to potential
changes in the RO rules relating to co-firing. This would seem to tally with the
expressed opinions of a number of generators who would rather have freedom to co-
fire whatever feedstock they choose (Scottish and Southern Energy, 2006; Scottish
Power, 2006), and suggests that removing the cap on energy crops could result in

demand from co-firers declining significantly.

8.5 Markets

The 'chicken-and-egg' problem facing market development was identified as an
important issue. Farmers have few incentives to grow energy crops without the
existence of competitive markets, and potential users have little incentive to invest in
the technologies necessary to develop these markets if supply is both limited and
uncertain. Many farmers felt that the government must play a significant role to
stimulate demand through, for example, providing grants to local authorities,
hospitals. schools and businesses to install biomass boilers. Equally it was felt that
once a 'critical mass' of energy crop growers had been established, this would
increase confidence in energy crop supply, thus prompting more widespread
development of markets. Growers perceive that without intervention to stimulate this

market then it may take a long time for this ‘critical mass’ to be achieved.
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There was also broad recognition that producer groups and cooperatives could play a
key role in establishing new markets. as end-users are unlikely to deal with
individual growers. Local markets for heat and for CHP were thought to have the
most potential to be profitable by allowing farmers to deal directly (through co-

operatives or producer groups) with the end-users.

Farmers were keen to stress that development of a mature market for energy crops,
would be preferable to a culture of ‘handouts’. However, it was conceded that, unless
or until, higher energy prices make production more competitive than alternative
land uses, subsidies (direct or indirect) would be required for energy crop production
to become more widespread. Farmers pointed to Sweden, Germany and Austria as
places where markets appear to have developed successfully, and felt that policy

makers could learn lessons from the experience gained in these countries.

8.6 Producer groups and co-operation

Co-operation between farmers was seen as essential if new and more profitable
markets are to be developed. It was noted that, historically, crop production has not
resulted in significant levels of co-operation between farmers. Areas where co-
operation should bring benefits include the sharing of experiences on establishment,
management, harvesting, processing and marketing of the crops, and collective

purchasing of required machinery.

The importance of producer groups was acknowledged, but with awareness that they
may not be the most impartial sources of information on energy crop production. The
main concerns related to information on potential costs and returns and the more
problematic aspects of production. In practice, however, producer groups appeared to
enjoy good relationships with most producers and as a result this was not a major

issue.
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8.7 Type of land used to grow energy crops

Energy crops are more likely to be grown on a farm's least productive land, including
arable land, set-aside and permanent pasture taken out of dairy production or
currently in grass lets. This reflects the speculative nature of much energy crop
production. Several more experienced growers stressed the direct relationship
between yields and land productivity, although crop management was also important.
Some arable farmers expressed interest in growing energy crop on permanent set-
aside land to generate additional income. However, this land tends to be the least
productive of a farm's arable land with low yield expectations. Recent European
Commission proposals mean set-aside is likely to be suspended in the UK in 2008,
with much speculation that it will be scrapped, at least in its current form. These
developments will clearly have an effect on the potential for future uptake of energy

crops on set-aside.

For most growers, energy crops are a diversification rather than a primary farm
enterprise. A small number of farmers had put most or all of their land into energy
crop production, which had enabled them to retire or focus on other activities such as
contracting. At the moment farmers appear reluctant to use their most productive
land for energy crops, but it was stressed that this was linked to the perception of
their poor profitability. In principle, many farmers may be willing to consider
growing energy crops on more productive land, providing that agronomic conditions
are suitable and they have confidence that energy crop production will be
competitive in the long-term. Essentially if returns from energy crop production were
to be equal to or better than alternative uses, there appears no reason why uptake of
energy crop production on all suitable types of land would not increase. However
this seems unlikely in the short term, and one can speculate about the longer term

opportunity costs of energy crop land uses, given rapidly increasing food demand

from China and India.

The perceived negative impact of SRC roots on field drainage can be an important
factor in the decision whether or not to grow energy crops. It was interesting that

these concerns tended to come from potential growers rather than experienced ones;
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the latter group suggesting that careful site selection could prevent this from
becoming a serious issue. Furthermore, it is unclear to what extent SRC damages
field drainage above and beyond natural deterioration. Nonetheless, at least one
producer group advises growers not to grow SRC where there are shallow drains

(Thames Valley Bioenergy Coppice, 2007).

The uncertain cost of returning land to alternative production was also a concern
expressed by a number of farmers. Some existing growers suggested that it would

not be too expensive or difficult; although no-one had direct experience.

8.8 Farm business impacts

Most farmers said they would need to hire contractors for SRC establishment and
harvesting due to the expense of purchasing specialist equipment. For Miscanthus it
was felt that existing farm equipment might be suitable. Some already make
extensive use of contractors in other aspects of their businesses, and therefore using
energy crop contractors would have little impact on the farm structure. However, for
those farmers who have not traditionally made use of contractors this may be an
issue. It was also suggested that growing energy crops could provide an opportunity
to reduce fixed costs associated with machinery and labour, thus allowing farmers to
engage in other on- or off-farm activities. Some growers have restructured to such an
extent that they have become the providers of energy crop contracting services to

other growers.

8.9 UK farming sector impacts

There was unanimous agreement that the development of energy crops could only be
good for the UK farming sector, as long as farmers could make a profit from growing
them. It was thought that the impact of taking land out of production from other

agricultural commodities would have the effect of pushing up prices in general and
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thus benefiting UK agriculture. Several farmers reported that their neighbours had
expressed interest in growing energy crops if financial viability could be

demonstrated.

8.10 Environmental Impacts

Several farmers with experience of growing energy crops felt that SRC offered clear
biodiversity benefits, but that these were not widely recognised by environmental
groups and government bodies. Farmers were receiving mixed messages both from
different organisations and on occasions from different individuals within a single
organisation. Most farmers felt further research would be useful to clarify the impact

of energy crops on biodiversity so that a more consistent message can be given.

A number of farmers believed that the public were supportive of them growing
energy crops, seeing it as a positive way of tackling climate change. Public concerns
over the landscape and visual impacts of energy crops were not thought to be
significant at present, but opposition may occur if large scale planting were to take
place. Several farmers were keen to point out as an example that initial public
reaction to oil seed rape had been negative but that public perceptions were no longer

hostile.

The potential for willow to provide environmental services such as water purification
on floodplains through the uptake of excess nutrients such as nitrogen was identified.
Use of sewage sludge on energy crops was cited as having the twin benefits of
providing a safe disposal of waste outside the food chain and acting as a source of

nutrients for the crop.
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8.11 Sources of information and information gaps

A leaflet on short rotation coppice available from Defra (2006b) had been useful in
general terms, although several farmers complained that staff at Defra and the Rural
Payments Agency hadn't been able to provide any further information. For many
farmers, producer groups had been the main information source. Farmers also
received information from power companies and agronomist services contracted to
these companies. However, none of these sources were considered to be

comprehensive.

Established growers said much of their knowledge was from personal experience and
sharing information with other farmers through producer groups and co-operatives.
Site visits and talking to growers were also mentioned as a good way for farmers to
find out about the practicalities of energy crop production. It was stressed that there

was a need for information that was clearly independent. objective, and practical.

None of the farmers had obtained information from the NFU, traditional
agronomists, farm advisors or the Biomass Energy Centre; recently set up by the
Forestry Commission in response to the findings of the Biomass Task Force. It was
reported that the Biomass Energy Centre had actually approached a number of the
growers and producer groups from the Bawtry focus group in order to obtain

information about energy crops.

Several farmers noted a lack of UK (or indeed Scotland) specific information on
growing energy crops, and where information could be found it was not
comprehensive and quite fragmented. One farmer suggested that a simple crib sheet
with step-by-step details of each stage in the production cycle (establishment,
management and harvesting of the crop), as well as details of all administrative
requirements, would be helpful. A key gap was also identified m relation to
marketing and end uses of energy crops, including information on installing biomass

boilers both for on-farm and local energy uses.
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It was thought that clear, practical information from impartial research organisations,
disseminated through the Biomass Energy Centre, had the potential to complement

information provided by producer groups.

9.0 Conclusion

While participants express optimism about the future of energy crop production,
there are clearly several barriers to widespread adoption. Key among these is
financial returns, and the fact that competing activities are much more rewarding - in
particular, wheat and oilseed rape, with current high prices partly driven by demand
for liquid biofuels. This raises an important policy issue relating to the cost of
abating carbon emissions. Using perennial energy crops for heating is typically a
very cost-effective use of biomass to reduce carbon emissions, whereas transport

biofuels from grain or oilseed is a much more expensive approach (Carbon Trust,
2005; SAC, 2005).

While the forthcoming RTFO will provide a continued incentive to grow wheat and
oilseed rape for biofuels, there is no such support mechanism for renewable heat. The
focus on renewable electricity, and more latterly transport fuels, to the exclusion of
renewable heat is a concern to both the Royal Commission on Environmental
Pollution and the Biomass Task Force (RCEP, 2004; Biomass Task Force, 2005).
While the RCEP proposed a 'Renewable Heat Obligation', the Biomass Task Force
considered this unworkable, favouring instead a grant programme for boilers,
subsequently adopted by Defra as Round 3 of the Bio-energy Capital Grants Scheme
(Defra, 2007b). As indicated, farmers believe such grants crucial to create a local
demand for renewable heat, which they see as the most profitable future outlet for

energy crops.

While successful development of local markets should go some way to increasing
returns to farmers and providing reassurance that someone will be able to take the

crop at a competitive price, at the current time, planting grants and contracts are still
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required. There is a need to increase farmer confidence in the contracts, be it perhaps
through government underwriting or some form of insurance. An early decision on
the establishment grant would also be welcome by farmers as it would mean one less

uncertainty.

Finally, farmers need trusted information to make decisions, which predominantly
come down to financial considerations at an individual farm level. The issue of SRC
roots potentially damaging field drains is a good example where the farmer needs to
know how likely this is to happen in his case, and if so, how much it would cost to
rectify. It seems that the Biomass Energy Centre, although currently still building up

knowledge, is in a good position to become the leading authority.

In terms of further research, there is a need to identify energy crop adoption
intentions from a much larger range of farmers. Following from the focus groups, a
postal survey based on the Theory of Planned Behaviour (Ajzen, 1991) will be issued
to establish the likely wider extent of adoption, as well as identifying the relative
importance of drivers and barriers highlighted by the groups. This will enable a
better understanding of how policy makers could tackle the specific issues that limit

the potential of dedicated energy crops in the UK.
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Chapter 3: Farmer attitudes and intentions towards
the adoption of perennial energy crops in the UK:
An application of the Theory of Planned

Behaviour

The research presented in this chapter has been published as Sherrington, C. and
Moran, D., 2008. Farmer attitudes and intentions towards the adoption of perennial
energy crops in the UK: An application of the Theory of Planned Behaviour,

th

Proceedings of the 16" European Biomass Conference, Valencia, Spain, 5 June

2008.
Abstract

The UK Biomass Strategy suggests that to reach the technical potential of perennial
energy crops such as short rotation coppice (SRC) willow and miscanthus by 2020
would require 350,000 hectares of land. This would represent a more than 20-fold
increase on the current area of 15,546 hectares. The decisions of individual farmers
whether or not to grow these crops are therefore a key potential constraint on supply.
A postal survey using the social psychology technique the Theory of Planned
Behaviour was used to assess behavioural intentions, attitudes, subjective norms, and
perceived behavioural control towards the adoption of perennial energy crops.
Results suggest that uptake will be minimal unless a number of barriers to adoption
are overcome. These include the perceived lack of security and stability of income
from contracts, disruption to cashflow, and reduction in the flexibility of the farm

business.
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12.0 Introduction

The twin concerns of climate change and energy security have increased attention on
renewable energy. In the UK, these factors have combined with an agricultural
reform process that has highlighted the need for farmers to diversify away from
traditionally supported arable and livestock products. Accordingly, the UK
Government has in recent years demonstrated an increasing enthusiasm for the use of
biomass as a source of electricity, heat and transport fuel. The UK Biomass Strategy
states the Government's intention to bring about a major expansion in both the supply
and use of biomass in the UK, indicating that biomass will have a central role to play

in meeting the EU target of 20% of renewable energy by 2020 (Defra, 2007).

While the UK Biomass Strategy proposes an increase in the use of biomass for heat,
electricity and biofuels, beyond acknowledging the 10% minimum share of biofuels
target for 2020 (Council of the European Union, 2007) it does not include specific
targets for particular feedstocks or end uses. It does, however, outline what the UK
Government considers to be the potential UK supply of biomass feedstocks up to
2020. These feedstocks include forestry, wood waste, conventional agricultural
crops such as wheat and oilseed rape, straw, perennial energy crops such as short
rotation coppice (SRC) willow and miscanthus, and agricultural waste (RCEP, 2004
Defra, 2007).

To increase available biomass, Defra favours obtaining an additional 1 million dry
tonnes of wood per annum from woodland and wood waste, more use of manures
and slurries, and a substantial growth in uptake of perennial energy crops (Defra,
2007). Of these sources, it is the anticipated change in levels of perennial energy
crops that is most dramatic. The technical potential of energy crops is estimated to be
17.2 TWh (1.48 Mtoe), while current availability is 0.07 - 0.09 Mtoe (Defra, 2007).
Such an increase would represent an almost 20-fold increase in the level of supply,

albeit from a low level.

To reach the technical potential of perennial energy crops by 2020 would require
350,000 hectares (ha) of land, which is roughly 6.5% of UK arable and set-aside
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land, assuming an average annual yield of 9 odt/ha (Defra, 2007). The Renewables
Innovation Review suggests this is a realistic area once a number of constraints,

including competition from other markets are taken into account (DTI, 2003).

The key feature of this, and other estimates of future perennial energy crops supply
(RCEP, 2004; Carbon Trust, 2005) is the assumption about farmer behaviour. It is
taken for granted that farmers will choose to grow perennial energy crops up to the
level of the constraints that they identify. However, this assumption does not seem to

be supported by experience to date.

Defra's Energy Crops Scheme, which provides establishment grants for SRC willow
and miscanthus, along with support for developing SRC producer groups, had a
number of objectives for the first period of the England Rural Development
Programme (ERDP) (2000-2006). These included the planting, by 2006, of 16,700 ha
of SRC and 5000 ha of miscanthus in England (ADAS, 2003). When the scheme
closed to applications, in July 2006, only 1180 ha of SRC and 3356 ha of miscanthus
had been planted (Defra, 2006a), representing 20% of the target level. This does,
however, mark an improvement over the uptake by the half-way point in 2003, where
only 2% of the SRC target and 3% of the miscanthus target had been planted (Defra,
2006a).

More recently there has been an increase in interest in the payments, with
applications for planting in 2007 due to take the area of miscanthus to 12,627 ha, and

SRC to 2600 ha in England (Defra, 2006a).

In Scotland the area planted or approved for planting up until the end of 2006 is 300
ha. Current applications for planting in 2007 and 2008 amount to around 600 ha
(SAC, 2007). In Northern Ireland, 400 ha of SRC have been planted or approved for
planting to date, and a further 410 ha have been approved for the 2007 planting year,
(DARDNI, 2007), while in Wales there is currently 40ha of SRC and 72 ha of
miscanthus (WAG, 2007). The current total area of energy crops in the UK is 15,546
ha for SRC willow and miscanthus combined (Defra, 2007).
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This paper adds to a growing literature on perennial energy crops and the
development of biomass energy in the UK, Europe and beyond (Rosenqvist &
Dawson, 2005; Skytte et al., 2006; Charles et al., 2007). While there has been much
focus on techno-economic aspects and theoretical supply chain potential (Andersen
et al., 2005; Ericsson & Nilsson, 2005; Styles & Jones, 2007), broad stakeholder
opinion (Upham & Speakman, 2007) and wider public policy implications (Charles
et al., 2007), relatively little is known about how individual farmers will respond to
the opportunities presented by these relatively novel crops. Strawson (2005). writing
from the perspective of a farmer with land already committed to SRC willow, and at
a time when returns from alternative activities were much lower than at present,
offers a relatively upbeat assessment of the potential attractiveness of the crop.
However, in the context of a significant and ongoing global rise in the price of
agricultural commodities such as wheat (FAO, 2007) a changing agricultural policy
landscape in the EU (European Commission, 2007) and a UK renewable energy
support mechanism that is under review (DTI, 2007), it is important to gain an up-
to-date understanding of farmers' attitudes and behavioural intentions towards the

adoption of perennial energy crops.

This paper will show that for perennial energy crop feedstocks such as SRC willow
and miscanthus, the likely level of supply will be considerably below the theoretical
potential unless a number of barriers to their adoption by farmers are overcome. The
paper is structured as follows. The next section outlines the framework for
investigating the behavioural intentions of UK farmers towards the adoption of
perennial energy crops, followed by a description of the survey technique. The
results are then presented, with the subsequent discussion looking at the implications

of the findings for policy makers.

13.0 Theoretical apprcach

The Theory of Reasoned Action (TORA) (Ajzen & Fishbein, 1980) and its extension
the Theory of Planned Behaviour (TPB) (Ajzen, 1991) provide the conceptual
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framework for investigating the attitudes and intentions of farmers towards the
adoption of perennial energy crops. Both the TORA and the TPB have been widely
used in agricultural research to understand barriers and drivers to the adoption of new
technologies and practices (Garforth et al., 2004; Beedell & Rehman, 2000; Defra,
2006b) and to estimate the likely scale of adoption of particular activities (Mattison
& Norris, 2007).

According to the TORA, the intention to adopt a particular behaviour is a function of
attitudes towards the behaviour and the subjective norm, that is the extent to which
one is influenced by the views of other people regarding the behaviour (Ajzen &
Fishbein, 1980).

Attitudes are a product of the extent to which one expects the behaviour to result in
specific outcomes (outcome beliets) and the importance of those outcomes (outcome
evaluations). The subjective norm is a function of the perceived support of salient
referents (people to whom respondents might turn for advice) towards the behaviour
(subjective beliefs) and the motivation to comply with those beliefs. The TORA
claims that the intention to perform a particular behaviour is a reliable indicator of
actual future behaviour if the expressed attitude towards this behaviour and/or the
perceived social pressure to do so correlate closely with the stated intent. A
comparison of the strength of correlation of the attitude and subjective norm with the
stated intent towards the adoption of SRC willow or miscanthus indicates which of
the two components has greater influence on the farmers' decision relating to the

adoption of these crops (Ajzen & Fishbein, 1980).

Theoretical developments in social psychology led to the Theory of Planned
Behaviour (see Figure 3), an extension of the TORA that incorporates 'perceived
behavioural control' as a measure of the extent to which people believe they are able
to control the outcome (Ajzen, 1991). This followed studies suggesting that TORA
performed poorly where the perceived efficacy of achieving the expected result was
low - in which case the behaviour would not be attempted regardless of the strength

of the attitudinal and social influences (Burton, 2004).

Tk



Perceived behavioural control is an individual's assessment of their own ability
(control belief) to perform a particular behaviour and their capability (power of
control). The TPB states that perceived behavioural control can also predict
behavioural intent. The contribution of perceived behavioural control is assessed by
comparing the strength of its correlation with intent with that of the other two causal

components (Ajzen, 1991).

outcome
belief \
attitude
outcome =
evaluation
subjective
belief B [ ] A :
subjective intention *1 behaviour
IR el ke 5
motivation
to comply
control
belief \ .
perceived
| ___—| behavioural
power of control
control

Figure 3: Theory of Planned Behaviour (Ajzen, 1991)

Of central importance within a TPB study is the principle of compatibility, that is
"relations between attitudes and behaviours are maximally strong to the extent that
their action, target, context, and time elements are assessed at the same level of
generality or specificity" (Eagly & Chaiken, 1993). In this study the TPB is applied
to predicting farmers' behaviour towards the adoption of perennial energy crops over

the next five years.
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13.1 Theory of Planned Behaviour study

The research comprised of a two stage interdependent data gathering process.
Initially sets of outcome beliefs and salient referents were identified through focus
group discussions with farmers in three different areas of the UK (Sherrington et al.,
2008). These took place in Thame (Oxfordshire), Bawtry (Nottinghamshire), and
Scotlandwell (Fife), between November 2006 and January 2007. The locations were
chosen for proximity to existing or proposed co-firing or dedicated biomass power
plants, and attracted a mix both of farmers who had experience of growing perennial

energy crops and those with no such experience.

The second stage involved using the identified outcome beliefs and salient referents
in a structured questionnaire. A copy of the questionnaire is provided at Appendix
A.1.0. Following a pilot survey, questionnaires were sent to 1500 farmers in three
areas where SRC willow and miscanthus had already been planted under Defra's
Energy Crops Scheme in England. and that were within 25 miles of either a co-firing
or dedicated biomass power plant. It was decided that this would be preferable to a
survey covering the whole of the UK, as in some areas there has been no
development of perennial energy crops. co-firing or dedicated biomass power plant.
By focusing on areas where there is an existing source of demand, it was considered
that the questionnaires would be of more relevance to farmers. Within these areas,
farmers were selected at random from a business directory. In all, 150 usable

responses were received - a response rate of 10%.

This response rate was disappointing, but within the time constraints of the project it
was not possible to attempt any further persuasion of those who had not already
responded. While the sample size did allow for the determination of some
statistically significant differences between categories, these turned out to be less
relevant in policy terms than some of the key findings. For these findings of greater
policy relevance, the lack of any significant difference between categories served to
emphasise the widely held nature of the generally negative perception of perennial

energy crops, and the shared views of the barriers to adoption.
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A wider question is whether the farmers targeted were representative of the wider
farming community. In spatial terms, only three limited regions were selected for
reasons outlined above, so it cannot be claimed that there is full geographical
representativeness. No analysis has been undertaken of whether, for example, older
or more educated farmers, or certain farm types were over- or under-represented.
However, the lack of notable policy relevant significant differences between such
categories means that no claims are being made in respect of such differences.
However, it would be worthwhile in any future surveys establishing the extent to

which the respondents are representative of the wider farming community

Farmers were asked to score a response to the questions on a 5 point scale. These
responses were numerically coded from -2 to +2 for analysis. Table 3 shows the

question structure for each construct.

74



TPB Construct

Question Structure

Measurement scale

Behavioural intention

Are you intending to plant SRC willow
on your farm in the next 5 years?

Certainly not, probably not,
unsure, probably, certainly

Stated attitude

Choosing to plant SRC willow on my
farm in the next 5 years would be a
good decision

Strongly disagree, disagree,
unsure, agree, strongly agree

Stated subjective
norm

People whose opinions | value think |
should plant SRC willow on my farm in
the next 5 years

Strongly disagree, disagree,
unsure, agree, strongly agree

Outcome evaluation

Do you agree or disagree with the
following statements?

Strongly disagree, disagree,
unsure, agree, strongly agree

Belief strength

How important are the following to
you?

Unimportant, not very
important, no opinion,
important, very important

Subjective belief

Do you think the following would
approve or disapprove of you growing
SRC willow on your farm in the next 5

years?

Strongly disapprove,
disapprove, unsure, approve,
strongly approve

Motivation to comply

Would you follow the advice of the
groups below in deciding whether or
not to grow SRC willow on your farm in
the next 5 years?

Very unlikely, unlikely,
unsure, likely, highly likely

Perceived difficulty

How difficult would it be to grow SRC
willow on your farm in the next 5
years?

Very difficult, difficult, unsure,
easy, very easy

Perceived ability

How confident are you of being able to
grow SRC willow on your farm in the
next 5 years?

Not at all confident, not very
confident, don't know,
confident, very confident

Table 3: Question structure for the TPB survey

Farmers were also invited to add their own thoughts in a comments box at the end of

the questionnaire.
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14.0 Results

14.1 Description of the sample

The description of the sample is divided into three sub-sections, broadly following

the format employed by the University of Reading in a TPB study for Defra in 2006

(Defra, 2006b). The sub-sections are farm characteristics, farm operations and

farmer traits (Table 4 to Table 6).

Farm parameters

Overall sample (n=150)

Number of _ Percentage Mean, sem and median
Farm types 146 = “
Specialist dairy 36 247
Beef and/or sheep 18 12.3
Pigs and/or poultry 5 3.4
Mixed arable and livestock 59 40.4
Specialist cereals 6 4.1
General cropping (arable) 18 12.3
Other 4 2.7
Farmland type 149 - -
All lowland 124 83.2
Mostly lowland 12 8.1
Half and half 7 4.7
Mostly upland 1 0.7
All upland 5 34
Total farmed area (ha) 127 188.3 +21.73; 112ha
Up to 58ha 32 25.2
58.1 - 112ha 32 25.2
112.1 - 230ha 33 26.0
>230ha 30 23.6
Tenure 103
Tenanted 20 19.4
Owned outright 49 476
Part tenanted/part owned 34 33.0

Table 4: Sample description based on farm characteristics
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About 40% of the sample were mixed arable and livestock, followed by specialist
dairy (25%), with beef and/or sheep and general cropping (arable) both at 12%.
Specialist cereals accounted for just over 4%, and pigs and/or poultry just over 3%.
Others (nearly 3%) comprised of a mixture of the main categories along with
specialist vegetables. Of the five farmland types, all lowland dominated, with over
80% of the sample falling into this category, followed by mostly lowland (8%) and
half and half (just under 5%).

Just over 3% were all upland, with less than 1% mostly upland. The mean farmed

area for the whole sample was 188ha, whereas the median area was 112ha.

Table 5 describes the sample based on farm operations. Just over half recorded
annual sales of agricultural produce of over £100,000. About a fifth had sales of £50
- 100,000, and a similar proportion had sales of £10 - 50,000. Fewer than 10% of
respondents had annual sales of less than £10,000. In terms of the proportional
contribution of farming to annual household income, over half indicated that they are
fully dependent, with one fifth about 75% dependent on farming. 61% of respondents
indicated that their farm has made a moderate profit over the past three years, with
6% recording a significant profit. About 20% broke even, 9% incurred a moderate

loss, and 4% a significant loss.

In response to a question about the extent of involvement in businesses run by
farmers groups, 48% said they are not at all involved, with 46% involved
occasionally. Only 6% are involved at every opportunity. Almost half of respondents
said that the farm business carried no debt. Nearly 39% said they were lightly in
debt, and over 13% heavily in debt.

Only 14% of respondents had fixed costs below 20%, while 44% had fixed costs
from 21-40%. Just over a fifth had fixed costs of over 40%, while a further fifth did
not know the proportion of total annual farm costs that were fixed costs. When asked
about the proportion of income from environmental schemes, almost three quarters
indicated that these represented less than 5% of their income. For 10% of
respondents environmental schemes contributed 20% or more of annual farm

income.
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In response to the question about the proportion of total income accounted for by the
Single Farm Payment, 70% said that this represented less than 40% of their income,
while for 20% it represented about half of their income. For 10% it represented more

than half of their income.
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Farm operation parameters

Qverall sample

Number of (%)
Annual value of total sales of agricultural produce 136 -
Less than £10,000 12 8.8
£10,001 to £50,000 30 22.1
£50,001 to £100,000 25 18.4
Over £100,000 69 50.7
Proportion of annual household income from farming 142 -
100% 76 53.5
About 75% 30 21.1
About 50% 13 9.2
About 25% 9 6.3
Below 25% 14 9.9
Over past three years has farm made a profit or a loss? 142 B
Significant profit 9 6.3
Moderate profit 86 60.6
Break even 28 19.7
Moderate loss 13 9.2
Significant loss 6 4.2
Extent of involvement in businesses run by farmer groups 142 -
Not at all 68 47.9
Occasionally 65 458
At every opportunity 9 6.3
Farm business in debt 139 -
Not at all 66 47.5
Lightly 54 38.8
Heavily 19 137
Proportion of total annual farm costs that are 'fixed' costs 139 -
Less than 1C% 6 4.3
10 - 20% 13 9.4
21 -30% 34 24.5
31-40% 27 19.4
41 - 50% 13 9.4
Over 50% 17 12.2
Don't know 29 20.9
145 -

Proportion of farm income from environmental schemes
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Less than 5% 106 73.1

Around 10% 24 16.6

Around 20% 8 5:5

Higher than 20% 7 4.8

Proportion of total income from SFP 145 -

Less than 40% 101 69.7

Around half 29 20.0

Mare than half 15 10.3

Table 5: Sample description based on farm operations

The male and female respondents comprised 95 and 5 percent respectively of the

sample (see Table 6). The mean age of respondents was 53 years. Almost half fell
between the ages of 41 and 55, with 20% aged between 56 and 65, and 17% aged

over 65. Sixteen percent of respondents were under 40.

In terms of the highest level of formal education attained, 23% have university

degrees, with 41% having qualifications from technical colleges. The remaining 36%

were educated to secondary school level.

In response to the question as to whether they see themselves as early adopters of

technology, 40% indicated that they were. A further 40% said they were not early

adopters, while the remaining 20% stated that they don't know.

Thirty-five percent of respondents had identified a successor to take over the farm,

while just under half had not. The remaining 16% answered that they may have

identified a successor.
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Farmer traits

Overall sample (n=150)

Number of Percentage Mean, sem and
respondents (%) median values
Gender 142 -
Male 135 95.1
Female 7 4.9
Age 127 - 52.7 + 1.0; 62 years
Up to 40 years 20 15.7
41 - 55 years 60 472
56 - 65 years 25 19.7
>65 years 22 17.3
Education status 140 -
Secondary 51 36.4
Technical College 57 40.7
University 32 229
Early adopter of technology? 143
Yes 57 39.9
No 58 40.6
Don't know 28 19.6
Have you identified a
successor? 142
Yes 50 35.2
No 69 48.6
Maybe 23 16.2

Table 6: Sample description based on farmer traits
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Three of the farmers who responded are already growing SRC willow, with areas of
10, 34 and 53 hectares. Nine farmers are already growing miscanthus, with eight
indicating the area of the crop. This ranged from 4ha to 60ha, with a mean of 20.6ha

and a median of 17.5ha.

14.2 Behavioural intentions

When existing growers were asked whether they planned to plant more SRC willow
on their farm, the farmer with 10ha said 'certainly not', the farmer with 53ha said
'probably not', while the farmer with 34ha was unsure. Of those already growing
miscanthus, two were 'certainly not' going to plant more, two were 'probably not',

and one was unsure. One farmer said he probably would, while two certainly would.

The key questions relating to behavioural intention asked farmers who were not
already growing perennial energy crops 'Are you intending to plant SRC willow on
your farm in the next 5 years?', and 'Are you intending to plant miscanthus on your

farm in the next 5 years?'

The responses are shown in Figure 4. It can be seen that stated intentions towards the
adoption of both crops are generally negative, with the means for both lying between
'certainly not' and probably not'. The stated intention towards miscanthus (mean -
1.26) is slightly less negative than the stated intention towards SRC willow (mean -

1.37).
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Figure 4: Behavioural intentions towards planting perennial energy crops

According to the TPB, behavioural intention is a reliable predictor of actual
behaviour if at least one of the three main variables (attitude, subjective norm, or
perceived behavioural control) correlates strongly with the stated intention. Table 7
shows that there is a strong correlation between intention to adopt SRC willow and
all three variables. Thus behavioural intention towards SRC willow can be

considered reliable, with stated attitude having the greatest influence on behavioural

intention.

Are you intending to plant SRC Willow on your| Overall sample Correlation
farm in the next 5 years? n=149 with intent (1)
Main TPB variables Mean rs
Intention (1) (-2 to +2) -1.37

Stated attitude (SA) (-2 to +2) -0.77 586 (**)
Subjective norm (SN) (-2 to +2) -0.64 440(*%)
Perceived behavioural control (PBC) (-2 to +2) -0.67 440(*%)

** Correlation is significant at the .01 level (1- tailed)

Table 7: Correlation of main TPB variables with intention to adopt SRC willow
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For miscanthus, there are strong correlations between intention to adopt and all three
main variables, as shown in Table 8. Thus behavioural intention towards miscanthus
can be considered reliable, with stated attitude again having the greatest influence on

behavioural intention, followed by perceived behavioural control.

Are you intending to plant Miscanthus on Overall sample Correlation
your farm in the next 5 years? n=149 with intent (1)
Main TPB variables Mean [
Intention () (-2 to +2) -1.26

Stated attitude (SA) (-2 to +2) -0.67 D0(")
Subjective norm (SN) (-2 to +2) -0.51 .342(*%)
Perceived behavioural control (PBC) (-2 to +2) -0.57 S
** Correlation is significant at the .01 level (1- tailed)

Table 8: Correlation of main TPB variables with intention to adopt miscanthus

A Kruskal-Wallis analysis was undertaken to see if there is any significant difference
in behavioural intention by any of the categories of farm characteristics, farm
operations and farmer traits (see Table 4, to Table 6). For SRC willow, significant
differences existed in just two categories - farmland type and the extent of farm
profit or loss. Table 9 shows that for farmland type, using the Mann-Whitney U-test,
there is a significant difference in adoption intention between 'all lowland', with a
mean score of -1.45 (halfway between probably not and certainly not) and 'all

upland', with a mean score of -0.5 ( halfway between unsure and probably not).
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Table 9: SRC willow adoption intentions by farmland type

Mostly Half and Mostly
All lowland lowland half upland All upland
n 110 10 7 0 4
K-W.
mean mean mean mean mean Sig
Intention
(-2 to +2) -1.45 -1.20 -1.00 - -0.50 .026
Mann-Whitney U-test significance values
Mostly Half and Mostly
All lowland lowland half upland All upland
All lowland ns ns - .010
Mostly G &5‘%
lowland ns ns - ns
Half and :
half ns ns
Mostly
upland - -
All upland .010 ns

Notwithstanding the small number of 'all upland' farms, in policy terms this does not

seem to be immediately helpful as the adoption intention for 'all upland' farms is still

negative, even if to a lesser extent than for 'all lowland' farms.
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Significant Maod. Break Mod. Significant
profit profit even loss loss
n 8 80 22 10 5
mean mean mean mean mean st;
I
-1.75 -1.44 -1.00 -1.30 -2 .005

Mann-Whitney U-test significance values

Significant Mod. Break Mod. Significant
profit profit even loss loss
Significant profit ns .009 ns ns
Moderate profit ns .007 ns .050
Break even .009 .007 ns .004
Moderate loss ns ns ns .034
Significant loss ns .050 .004 .034

Table 10: SRC Willow adoption intentions by extent of profit or loss

Table 10 shows the significant differences in SRC willow adoption intentions
between farms that recorded a significant loss ( mean -2.00), and those who broke
even (mean -1.00), or had a moderate profit (mean -1.44) or loss (mean -1.30). There
are also significant differences between those who broke even and those where a
moderate or significant profit (mean -1.75) was recorded. However the means of the
adoption intentions by extent of profit or loss all fall between 'probably not' and

'certainly not'".

For miscanthus adoption intentions, shown in Table 11, a significant difference
exists between those who consider themselves to be early adopters of technology
(mean -1.29) and those who responded 'don't know' (mean -0.84). A further
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significant difference exists between those who do not consider themselves to be

early adopters of technology (mean -1.41) and those who responded 'don't know'.

However, there is no significant difference between those who responded 'yes' and

those who responded 'no’, and there are obvious practical difficulties in actually

identifying those who don't know whether or not they are early adopters. Moreover,

all three mean responses were negative, ranging from just below 'probably not', to

nearly half-way between 'probably not' and 'certainly not'.

Yes No Don't know
n 48 56 25
mean mean mean K-W. Sig
Intention (-2 to +2) -1.29 -1.41 -0.84 .022
Mann-Whitney U test significance values
L Yes No Don't know
Yes . ns .037
No ns . .006
Don't know .037

Table 11: Miscanthus adoption intentions by whether the farmer considers
themselves to be an early adopter of technology

There are also significant differences in miscanthus adoption intentions by the extent
of farm profit or loss. Table 12 shows that significant differences exist between those
recording a significant loss (mean -2.00) and those who broke even (mean -1.04) or

made a moderate profit (mean -1.32) or loss (mean -1.10).

87




Table 12: Miscanthus adoption intentions by extent of profit or loss

Significant Mod. Break Significant
profit profit even Mod. loss loss
n 8 81 23 10 5
K-W.
mean mean mean mean mean Sig
-1.63 -1.32 -1.04 -1.10 -2 .041
Mann-Whitney U-test significance values
Significant Mod. Break Significant
profit profit even Mod. loss loss
Significant
profit ns ns ns
Moderate
profit ns
Break even ns
Moderate
loss ns
Significant
loss ns

Again these are all negative adoption intentions ranging from 'probably not' to

'certainly not'.

14.3 Attitudes

Stated or general attitude towards the adoption of SRC willow was derived from the
response to the statement 'Choosing to plant SRC Willow on my farm in the next 5
years would be a good decision'. Possible responses ranged from strongly agree to
strongly disagree (See Table 3). The mean value for the stated attitude towards
adoption of SRC willow is -0.77 (see Table 7). Stated attitude has the strongest
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influence on behavioural intention of all three main TPB variables (See Table 7). In
order to get a more detailed understanding of attitudes, respondents were asked to
indicate their level of agreement/disagreement with a number of specific outcome
beliefs that had arisen from the focus groups. They also had to indicate the level of

importance attached to these outcomes.

Belief (-2 to | Value (-2 to | Attitude (-4
+2) +2) to +4)
Mean Mean Mean
SRC Willow will give a high gross margin -0.45 1.31 -0.62
Growing SRC Willow to contract will give me
greater income security -0.32 1.47 -0.35
Growing SRC Willow fits in with my current
cropping plans -0.89 1.15 -1.11
Growing SRC Willow to contract will give me
greater stability of income -0.43 1.21 -0.43
It is easy to do the paperwork required to grow
SRC Willow to contract -0.08 0.75 -0.17
SRC Willow roots will damage field drains -0.42 1.05 -0.99
Growing SRC Willow will reduce the flexibility of
the farm business -0.5 1.03 -0.66
Growing SRC Willow is a good way for farmers to
help tackle climate change 0.31 0.48 0.36
SRC Willow could be a good source of energy for
local or on-farm use 0.3 -0.11 0.31
The likely costs and returns of SRC Willow are
easy to calculate -0.01 1.33 0.02
Growing SRC is a good opportunity to reduce the
time spent on farming activities 0.22 0.09 0.09
Growing SRC Willow will disrupt my cashflow -0.19 1.36 -0.35

Table 13: Qutcome beliefs, outcome evaluations and attitudes towards the adoption of
SRC willow
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Most of the outcome beliefs in Table 13 are negative. For example, there is moderate
disagreement (i.e. somewhere between unsure and disagree) that SRC willow will
give a high gross margin. The outcome evaluations are mostly positive, indicating for
example that getting a high gross margin lies somewhere between important and very
important. Multiplying these scores through for each respondent gives a calculated
attitude score for each statement. The three most negative attitudes relate to SRC
willow not fitting in with current cropping plans. willow roots damaging field drains,

and SRC willow reducing the flexibility of the farm business.

Of key importance in establishing the strength of these attitudinal influences on
intention to adopt is the correlation with the stated intent. This shows (Table 14) that
the most important attitudinal barriers to the adoption of SRC willow are the belief
that growing SRC willow to contract will not give greater stability of income,
followed by SRC willow not fitting in with current cropping plans. The next most
significant are SRC willow roots damaging field drains, the lack of improved income
security from SRC willow, reducing the flexibility of the farm business, and

disrupting cashflow.
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Attitude (-4 to

Correlation with

+4) intent (1)
Mean %
SRC Willow will give a high gross margin -0.62 101
Growing SRC Willow to contract will give me greater
income security -0.35 .240(*)
Growing SRC Willow fits in with my current cropping
plans -1.11 314(*)
Growing SRC Willow to contract will give me greater
stability of income -0.43 .342(*%)
it is easy to do the paperwork required to grow SRC
Willow to contract -0.17 .004
SRC Willow roots will damage field drains -0.99 .286(**)
Growing SRC Willow will reduce the flexibility of the farm
business -0.66 .220(**)
Growing SRC Willow is a good way for farmers to help
tackle climate change 0.36 .058
SRC Willow could be a good source of energy for local or
on-farm use 0.31 .067
The likely costs and returns of SRC Willow are easy to
calculate 0.02 .020
Growing SRC is a good opportunity to reduce the time
spent on farming activities 0.09 .063
Growing SRC Willow will disrupt my cashflow -0.35 2170

** Correlation is significant at the .01 level (1- tailed)

Table 14: Correlation between calculated attitudes and stated intention towards SRC

willow

Interestingly, gross margin is not significantly correlated with intention to adopt SRC

willow. This has important policy implications. It suggests that simply offering more

money to farmers to grow SRC willow will not work unless a number of other
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'preconditions' such as concerns over stability and security of income from contracts,

as outlined above, are addressed.

Stated or general attitude towards the adoption of miscanthus was derived from the
response to the statement 'Choosing to plant miscanthus on my farm in the next 5
years would be a good decision'. Possible responses ranged from strongly agree to
strongly disagree (See Table 3). The mean value for the stated attitude towards
adoption of miscanthus is -0.67 (see Table 8). As with SRC willow, stated attitude
has the strongest influence on behavioural intention towards miscanthus of all three
main TPB variables (See Table 8). Again in order to get a more detailed
understanding of attitudes towards adoption of miscanthus, respondents were asked
to indicate their level of agreement/disagreement with a number of specific outcome

beliefs that had arisen from the focus groups.

Most of the outcome beliefs (See Table 15) for miscanthus are negative, although
farmers are unsure/mildly disagree that they will damage field drains. The outcome
evaluations are identical to those previously recorded for SRC willow as these
questions were combined in the interest of brevity. Again, multiplying these scores

through for each respondent gives a calculated attitude for each statement.
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Correlation
Belief (-2 to | Attitude (-4 to | with intent
+2) +4) (1
Mean Mean Is
Miscanthus will give a high gross margin -0.35 -0.46 .158(*)
Growing Miscanthus to contract will give me
greater income security -0.12 -0.01 .329(*%)
Growing Miscanthus fits in with my current
cropping plans -0.63 -0.8 A23(*%)
Growing Miscanthus to contract will give me
greater stability of income -0.25 -0.22 A56(™)
It is easy to do the paperwork required to grow
Miscanthus to contract -0.04 -0.13 .064
Miscanthus roots will damage field drains 0.12 -0.12 130
Growing Miscanthus will reduce the flexibility
of the farm business -0.25 -0.29 .103
Growing Miscanthus is a good way for farmers
to help tackle climate change 0.31 0.39 .150(%)
Miscanthus could be a good source of energy
for local or on-farm use 0.29 0.26 .073
The likely costs and returns of Miscanthus are
easy to calculate 0.05 0.15 J156(%)
Growing Miscanthus is a good opportunity to
reduce the time spent on farming activities 0.2 0.15 .016
Growing Miscanthus will disrupt my cashflow -0.26 -0.43 144

** Correlation is significant at the .01 level (1- tailed)

* Correlation is significant at the .05 level (1- tailed)

Table 15: Outcome beliefs, calculated attitudes, and correlation between calculated

attitudes and stated intention towards miscanthus.

The three most negative attitudes relate to miscanthus not fitting in with current
cropping plans, not having a high gross margin, and disrupting cashflow. Again it is

important to establish the strength of these influences on intention to adopt. The final
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column of Table 13 shows that the most significant attitudinal barriers to adoption
for miscanthus are the belief that growing miscanthus to contract will not give
greater stability of income, followed by miscanthus not fitting in with current
cropping plans, and not increasing income security. Less significant correlations

include miscanthus not having a high gross margin.
14.4 Subjective norm

Stated or general subjective norm towards the adoption of SRC willow was derived
from the response to the statement 'People whose opinions I value think I should
plant SRC willow on my farm in the next five years'. Possible responses ranged from
strongly agree to strongly disagree (See Table 3). The mean value for the stated
subjective norm towards adoption of SRC willow is -0.64 (see Table 7). Stated
subjective norm is strongly correlated with behavioural intention, with an influence
on behavioural intention equal to that of perceived behavioural control but less than

that of stated attitude (See Table 7).

A key part of any agricultural knowledge transfer strategy is to identify appropriate
channels for communicating with farmers about specific new policies or techniques
(Garforth et al., 2004). These trusted sources of advice and influence can be
identified by using the TPB. A number of salient referents were identified in the
focus groups, and respondents to the questionnaire were asked to indicate the extent
to which these referents would approve or disapprove of them growing SRC willow
on their farms in the next five years (subjective belief). They were also asked how
likely it was that they would follow the advice of these referents in relation to the

adoption of these perennial energy crops (motivation to comply).
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Su_bjective Motivation to Subjective Correlation
belief (-2 to comply (-2 to norm (-4 to with intent
+2) +2) +4) (h
Mean Mean Mean rs
Would the following
approve or disapprove
of you growing SRC
Willow?
Farmers clubs -0.04 -0.61 0.19 -.019
Existing SRC growers 0.45 -0.12 0.15 152
Other farmers -0.13 -0.16 0.35 -.107
SRC Producer groups 0.63 -0.17 0.07 168(*)
Power companies 0.7 -0.47 -0.28 .253(™)
Farming press 0.41 -0.37 -0.03 .160(%)
Defra 0.51 -0.47 -0.156 .1568(*)
Biomass Energy Centre 0.88 -0.24 -0.11 .200(%)
NFU 0.29 -0.35 0.1 027
Agronomist -0.25 0 0.1 .093
Own experience /
judgement -0.32 0.28 -0.03 112
Family -0.32 0.01 0.05 -.031
Members of the public 0.28 -0.9 -0.156 .019

** Correlation is significant at the .01 level (1- tailed)

* Correlation is significant at the .05 level (1- tailed)

Table 16: Mean subjective belief, motivation to comply, subjective norm for salient

referents with regard to the adoption of SRC willow, and correlation of referent

subjective norm with intent.

The subjective beliefs listed in Table 16 show that, as might be expected, farmers

think that those who would most strongly approve of them growing SRC willow are
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the Biomass Energy Centre (mean 0.88), power companies (mean 0.70), SRC

producer groups (mean 0.63), and Defra (mean 0.51).

Still with a positive mean, but closer to 'unsure' than 'approve', are existing SRC
growers (mean 0.45), farming press (mean 0.41), NFU (mean 0.29) and members of
the public (mean 0.28). Negative means. moving from 'unsure' towards 'disapprove'
were obtained for farmers clubs (mean -0.04), other farmers (mean -0.13),
agronomist (mean -0.25), and own experience/judgement and family both with a

mean of -0.28.

What is particularly interesting is the motivation to comply with the various salient
referents, which tends to be negative, but not strongly. This would support the
findings from the focus groups (Sherrington et al., 2008) that farmers are sceptical
of certain interests, that there is a need for clear, unbiased information, and that
farmers really don't know where to turn for advice on perennial energy crops. Indeed
the mean for own experience/judgement (0.28) suggests that farmers do not have
confidence in their own judgement on perennial energy crops. The least negative
means, following own experience/judgement and family are agronomist (mean 0),
existing SRC growers (mean -0.12), other farmers (mean -0.16) and SRC producer
groups (mean -0.17). This would suggest that the current practice of farm open days,
where prospective adopters view SRC willow being grown and harvested are a

relatively effective way of getting information across.

Multiplying through the scores for subjective belief and motivation to comply for
each individual we get the referent subjective norm. Looking at the correlation of the
referent subjective norms with intent in isolation, one might be forgiven for thinking
that power companies are the best channel for extending information to potential
growers of SRC willow. However, as we have seen, this strong correlation with
intent is in fact due to the negative motivation to comply with a referent who
approves of an activity that the majority of respondents do not in fact plan to
undertake.

Stated or general subjective norm towards the adoption of miscanthus was derived

from the response to the statement 'People whose opinions I value think I should
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plant miscanthus on my farm in the next five years'. Possible responses ranged from
strongly agree to strongly disagree (See Table 3). The mean value for the stated
subjective norm towards adoption of miscanthus is -0.51 (see Table 8). Stated
subjective norm is strongly correlated with behavioural intention, but with an
influence on behavioural intention less than that of both perceived behavioural

control and stated attitude (See Table 8).

Respondents to the questionnaire were asked to indicate the extent to which the
salient referents would approve or disapprove of them growing miscanthus on their
farms in the next five years (subjective belief). Their motivations to comply with
these salient referents are identical to those previously recorded for SRC willow as
these questions were combined. This followed feedback from the pilot survey where

it was identified that the questionnaire was too long.

The subjective beliefs listed in Table 17 show that, again as might be expected,
farmers think that those who would most strongly approve of them growing
miscanthus are the Biomass Energy Centre (mean 0.78), power companies (mean

0.70), and miscanthus producer groups (mean 0.65).

Still with a positive mean, but closer to 'unsure' than 'approve', are Defra (mean
0.49), existing miscanthus growers (mean 0.43), farming press (mean 0.33), NFU
(mean 0.24) members of the public (mean 0.08), and farmers clubs (0.03). Negative
means, moving from 'unsure' towards 'disapprove' were obtained for other farmers
(mean -0.01), agronomist (mean -0.17), family (mean of -0.21), and own

experience/judgement with a mean of -0.22.

These subjective beliefs are very close to those given for SRC willow, and underline
the uncertainty as to what farmers believe many referents actually think about the

adoption of perennial energy crops.
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Subjective Motivation to Subjective
belief (-2 to comply (-2 to norm (-4 to Correlation
+2) +2) +4) with intent (1)
Mean Mean Mean ls
Would the following
approve or disapprove of
you growing
Miscanthus?
Farmers clubs 0.03 -0.61 0.16 -.019
Existing Miscanthus
growers 0.43 -0.12 0.33 152
Other farmers -0.01 -0.16 0.35 -.107
Miscanthus producer
groups 0.65 -0.17 0.2 .168(™)
Power companies 0.70 -0.47 -0.17 253(*")
Farming press 0.33 -0.37 0.02 160()
Defra 0.49 -0.47 -0.08 .168(*)
Biomass Energy Centre 0.78 -0.24 -0.02 .200(™)
NFU 0.24 -0.35 0.14 .027
Agronomist -0.17 0 0.3 .093
Own
experience/judgement -0.22 0.28 0.08 112
Family -0.21 0.01 0.156 -.031
Members of the public 0.08 -0.90 0.02 .019

** Correlation is significant at the .01 level (1- tailed)

* Correlation is significant at the .05 level (1- tailed)

Table 17: Mean subjective belief, motivation to comply, subjective norm for salient

referents with regard to the adoption of miscanthus, and correlation of referent

subjective norm with intent.
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Multiplying through the scores for subjective belief and motivation to comply for
each individual we get the referent subjective norm. Looking at the correlation of the
referent subjective norms with intent in isolation, it again appears that power
companies are the best channel for extending information to potential growers of
miscanthus. However, once more this strong correlation with intent is in fact due to
the negative motivation to comply with a referent who approves of an activity that

the majority of respondents do not in fact plan to undertake.

14.5 Perceived behavioural control

Perceived behavioural control in respect of the adoption of SRC willow was obtained
from the mean value of responses to two statements relating to difficulty and ability.
The first was 'How difficult would it be to grow SRC willow on your farm in the
next 5 years?'. Possible responses ranged from very difficult to very easy (See Table
3). The second was 'How confident are you of being able to grow SRC willow on
your farm in the next 5 years?'. Possible responses ranged from very confident to not

at all confident (See Table 3).

The mean value for perceived behavioural control in respect of the adoption of SRC
willow is -0.67 (see Table 7). This correlates strongly with stated intent, and exerts a
similar level of influence on intent as stated subjective norm, but less influence on

intent than stated attitude (See Table 7).

When the two components of perceived behavioural control in respect of the
adoption of SRC willow are viewed independently (See Table 18), farmers see
growing SRC willow as moderately difficult (mean -0.38), but when it comes to
confidence in their ability to grow it, they are not very confident (mean -0.97). Both
ability and difficulty are strongly correlated with behavioural intent, with ability

exerting the stronger influence.
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Are you intending to plant SRC Willow on your Overall sample Correlation
farm in the next 5 years? n=149 with intent (1)
Main TPB variables Mean rs
Intention (1) (-2 to +2) 137
PBC (-2 to +2) -0.67 440(**)
Difficulty -0.38 .301(*)
Ability -0.97 .501(**)

** Correlation is significant at the .01 level (1- tailed)

Table 18: Mean scores for PBC, Difficulty and Ability in respect of the adoption of SRC
Willow, and correlation with intent.

These results would appear to support the view from the focus groups that specialist
contractors would be needed for SRC establishment and harvesting due to the

requirement of specialist equipment (Sherrington et al., 2008).

Perceived behavioural control in respect of the adoption of miscanthus was obtained
in the same way - from the mean value of responses to two statements relating to
difficulty and ability. The first was 'How difficult would it be to grow miscanthus on
your farm in the next 5 years?'. Possible responses ranged from very difficult to very
easy (See Table 3). The second was 'How confident are you of being able to grow
miscanthus on your farm in the next 5 years?'. Possible responses ranged from very

confident to not at all confident (See Table 3).

The mean value for perceived behavioural control in respect of the adoption of
miscanthus is -0.57 (see Table 8). This correlates strongly with stated intent, and
exerts more influence on intent than stated subjective norm, but slightly less

influence on intent than stated attitude (See Table 8).
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When the two components of perceived behavioural control in respect of the
adoption of miscanthus are viewed independently (See Table 17), farmers see
growing miscanthus as moderately difficult (mean -0.35), but when it comes to
confidence in their ability to grow it, they are not very confident (mean -0.81). Both
ability and difficulty are strongly correlated with behavioural intent, with ability

exerting the stronger influence.

Are you intending to plant
Miscanthus on your farm in Correlation with intent
the next 5 years? Overall sample n=149 ()]
Main TPB variables Mean rs
Intention (1) (-2 to +2) -1.26
(PBC) (-2 to +2) -0.57 511(**)
Difficulty -0.35 387
Ability -0.81 578(*")
** Correlation is significant at the .01 level (1- tailed)

Table 19: Mean scores for PBC, Difficulty and Ability in respect of the adoption of
miscanthus, and correlation with intent.
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15.0 Discussion

While it is fairly common for farmers not to admit to outside sources of influence in
open discussion (Burton, 2004), other postal surveys have elicited a number of
positive mean sources of influence (Garforth et al., 2004; Mattison & Norris, 2007).
This reinforces the perception from the focus groups (Sherrington et al., 2008) that
farmers don’t know who to turn to for advice on perennial energy crops. However,
the mean values do not tell the whole story. Table 20 lists the number who indicated

that they would be likely or highly likely to follow the advice of specific salient

referents.
Own experience/judgement 55
Agronomist 45
Existing SRC willow / miscanthus growers 41
Family 41
Other farmers 38
SRC willow / miscanthus producer groups 35
Biomass Energy Centre 33
NFU 29
Defra 26
Farming press 24
Power companies | 23
Farmers clubs 15
Members of the public 10

Table 20: The number of respondents indicating that they would be likely or highly
likely to follow the advice of specific salient referents.
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It can be seen that in terms of non-family referents, the five most likely sources of
advice are agronomists, existing SRC willow/miscanthus growers, other farmers,
SRC willow/miscanthus producer groups, and the Biomass Energy Centre. This
tends to support findings from the focus groups (Sherrington et al., 2008) that site
visits and talking to existing growers are good ways of obtaining information, as is
sharing information with other farmers through producer groups and co-operatives. It
was thought by focus group participants that the Biomass Energy Centre had the
potential to become a trusted source of information (Sherrington et al., 2008). To this
can be added the suggestion that involving agronomists in open days organised by
existing growers and producer groups would seem to be a reasonable way of

promoting knowledge transfer among potential adopters.

Farmers do not, in general, seem to know a great deal about perennial energy crops.
In response to the question of whether SRC willow will give a high gross margin,
64% were unsure, and for miscanthus, 67% were unsure. Unsurprisingly, in answer
to the question of whether the likely costs and returns of SRC willow are easy to
calculate, 80% were unsure, and 72% unsure for miscanthus. Likewise 85% were
unsure whether the paperwork required to grow SRC willow to contract was easy,

with 79% unsure about the paperwork required for miscanthus.

The finding that gross margin is not significantly correlated with behavioural intent
for SRC willow, and is less significantly correlated than a number of other attitudinal
factors for miscanthus is of importance for policy makers. It suggests that simply
increasing the gross margin for perennial energy crops will not be an effective way
of encouraging increased farmer uptake unless a number of issues such as those
relating to security and stability of income from contracts are addressed. The
proposed banding of the Renewables Obligation (DTI, 2007), intended to give a
greater financial reward to those growing perennial energy crops, may not therefore
bring about an increase in adoption unless the issues mentioned above are addressed

at the same time.
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16.0 Conclusion

It seems unlikely that the theoretical potential of perennial energy crops in the UK
will be realised unless a number of barriers to adoption are overcome. For both SRC
willow and miscanthus, these include concerns about the security and stability of
income from contracts. Specifically in relation to SRC willow, farmers have
concerns over disruption to cashflow, reduction in the flexibility of the farm

business, and damage to field drains from willow roots.

While farmers in general don’t consider that miscanthus or SRC willow will give a
high gross margin, simply increasing the financial return from these crops without

addressing the concerns outlined above is unlikely to result in widespread uptake.

In terms of further research, farm-level mathematical programming techniques will
be used to identify the level of uptake that might be expected at different gross
margins if the barriers identified in this paper are overcome, and assuming profit

maximisation as the objective.
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Chapter 4: Modelling farmer uptake of perennial
energy crops in the UK

The research presented in this chapter has been published as Sherrington, C. &
Moran, D., (2010) Modelling farmer uptake of perennial energy crops in the UK,
Energy Policy (article in press). A CD containing the Excel models used in this study

is included as an appendix
Abstract

The UK Biomass Strategy suggests that to reach the technical potential of perennial
energy crops such as short rotation coppice (SRC) willow and miscanthus by 2020
requires 350,000 hectares of land. This represents a more than 20-fold increase on
the current 15,546 hectares. Previous research has identified several barriers to
adoption, including concerns over security of income from contracts. In addition,
farmers perceive returns from these crops to be lower than for conventional crops.
This paper uses a farm-level linear programming model to investigate theoretical
uptake of energy crops at different gross margins under the assumption of a profit-
maximising decision maker, and in the absence of known barriers to adoption. The
findings suggest that while SRC willow, at current prices, remains less competitive,
returns to miscanthus should have encouraged adoption on a wider scale than at
present. This highlights the importance of the barriers to adoption. Recently
announced contracts for miscanthus appear to offer a significant premium to farmers
in order to encourage them to grow the crops. This raises the question of whether a
more cost-effective approach would be for government to provide guarantees
addressing farmers concerns including security of income from the contracts. Such

an approach should encourage adoption at lower gross margins.
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19.0 Introduction

In seeking both to tackle climate change and ensure that the UK has a secure supply
of affordable energy, the UK Government is proposing a significant expansion in the
generation of energy from renewable sources (DECC, 2009a). Under the Renewable
Energy Directive, the UK is committed to the EU wide target to source 20% of the
EU's total energy use from renewable sources by 2020. The UK’s contribution
towards this target is to provide renewable sources for 15% of its total energy use by
2020 (European Parliament and Council of the European Union, 2009). This would
represent a ten-fold increase in levels of renewable generation over the next 12 years.
The UK Government’s Renewable Energy Strategy, which outlines how this level of
generation could be achieved indicates that around 30% of the UK renewable energy

target could come from biomass (DECC, 2009a)

The term 'biomass' covers a range of renewable fuels derived from organic matter, of
which there are a number of possible sources in the UK. These include landfill gas,
sewage gas, forestry, wood waste, conventional agricultural crops such as wheat and
oilseed rape, straw, perennial energy crops, and agricultural waste (RCEP, 2004;
Deftra, 2007).

To increase available biomass, Defra (2007) favours obtaining an additional 1
million dry tonnes of wood per annum from woodland and wood waste, more use of
manures and slurries, and a substantial growth in the uptake of perennial energy
crops such as short rotation coppice (SRC) willow and miscanthus. Of these sources,
it is the anticipated change in levels of perennial energy crops that is most dramatic,
from under 16,000 hectares (ha) at present to 350,000 ha by 2020. This represents
approximately a 20-fold increase, and would occupy roﬁghly 6.5% of UK arable and
set-aside land (Defra, 2007). The Renewable Energy Strategy is even more
ambitious, with a supporting annex. looking at both arable and pasture land

suggesting that the potential could be up to 2.2 million ha by 2030 (E4Tech, 2009).

Perennial energy crops can be considered as a novel enterprise for UK farmers, both

in terms of their cultivation, and in their position at the interface between agricultural
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and energy policy. This brings a greater number of uncertainties than exist with
conventional agricultural activities (Sherrington et al., 2008), and a number of
financial and non-financial barriers to the adoption of such crops by UK farmers
have been identified. These include concerns over the security and stability of
income from contracts, disruption to cashflow, and reduced farm business flexibility
(Sherrington et al., 2008; Sherrington and Moran, 2008). This paper builds on
existing understanding by using a farm-level linear programming model to
investigate theoretical uptake in energy crops at different gross margins (revenue
minus variable costs) under the assumption of a profit-maximising decision maker,
and in the absence of known barriers to adoption. The findings suggest that SRC
willow at current prices remains unattractive for most farm types purely on a gross
margin basis, even before accounting for concerns such as the impact of roots on
field drains, and the security of the contracts available, although potential does exist
for greater financial returns as the market for heat from SRC willow develops.
Miscanthus, however, is currently more attractive on a gross margin basis, and the
modelling suggests that adoption should, in theory. be widespread. There are fewer
non-financial barriers to the adoption of miscanthus than SRC willow (Sherrington et
al.. 2008), and prices now available on contracts to supply miscanthus for co-firing at
the UK’s largest coal fired power station (Farmers Weekly, 2008; Farmers Guardian,

2008) make this crop considerably more attractive.

The paper is structured as follows. The next section compares estimates of the
theoretical potential of perennial energy crops with actual uptake to date, before
reviewing current understanding of barriers to energy crop adoption. The
methodology for application of the linear programming model and its inputs are then
described, and the results at the farm-level, and on aggregate, subsequently
presented. A discussion section considers the results in the context of support for
energy crops through energy and agricultural policies, and through contracts. A
number of issues of policy significance are highlighted, followed by some

recommendations and concluding comments.
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19.1 Theoretical potential of energy crops in the UK

The theoretical potential of energy crops is estimated by Defra to be 17.2 TWh g
(1.48 Mtoe) '° per annum, while current availability is 0.07-0.09 Mtoe per annum
(Defra, 2007). To reach this potential by 2020 would require 350,000 hectares (ha) of
land, which is roughly 6.5% of UK arable and set-aside land, assuming an average
annual yield of 9 oven dried tonnes (odt) per hectare (Defra, 2007). The Renewables
Innovation Review (DTI, 2003), the original source of the above theoretical

potential, suggests this is a realistic area once a number of constraints, including

competition from other markets, are taken into account.

A recently developed range of energy crop scenarios used to inform the Renewable
Energy Strategy suggests that by 2030, using both arable and pasture land, the
potential could be up to 2.2 million hectares (E4Tech, 2009).

However, the actual realisation of the potential for these crops depends upon farmer
behaviour — whether or not individual farmers choose to grow SRC willow and/or
miscanthus. Experience to date suggests that farmer behaviour could be an important
constraint on realising widespread uptake, on the scale identified by the estimates

above.

Defra's Energy Crops Scheme, which provides establishment grants for SRC willow
and miscanthus, was intended to support the planting, by 2006, of 16,700ha of SRC
and 5000ha of miscanthus in England (ADAS, 2003). When the scheme closed to
applications, in July 2006, only 1,180 hectares of SRC and 3,356 ha of miscanthus

had been planted, however, increased interest in the payments, saw applications for

? Terrawatt hours (One terrawatt is a trillion, or 10" watts)

' Million tonnes of oil equivalent
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planting in 2007 set to take the area of miscanthus to 12,627ha, and SRC to 2,600ha
in England (Defra, 2006).

In Scotland, the area planted or approved for planting up until the end of 2006 was
300ha, with applications for planting in 2007 and 2008 amounting to around 600ha
(SAC, 2007a). In Northern Ireland, 810ha of SRC have been planted or approved for
planting (DARDNI, 2007), while in Wales there is known to be 40ha of SRC and
72ha of miscanthus (Welsh Assembly Government, 2007).

The latest published figure for the total area of perennial energy crops in the UK is
15,546ha for SRC willow and miscanthus combined (Defra, 2007), however it is
believed that the planted area is now around 17,000ha (RELU, 2009).

19.2 Farmer attitudes and intentions towards the adoption of

perennial energy crops

Focus group research involving existing and potential growers of SRC willow and
miscanthus (Sherrington et al., 2008) revealed a broad consensus that the principle
factor affecting a farmer's decision whether or not to grow perennial energy crops

was perception of the level, and the security, of the financial return.

Of key importance to focus group participants was the establishment grant. Very few
would consider growing perennial energy crops in the absence of the grant, due to
high upfront costs and uncertainties over the resulting net income (Sherrington et al.,
2008). However, the establishment grant has since been reduced from £1000/ha to a
typical level of £665/ha for SRC willow, and from £920/ha to £800/ha for
miscanthus (Jones, 2007). From the perspective of farmers taking part in the focus

groups, this would make the crops less attractive.

Farmers felt that the lack of an incentive for renewable heat was a significant barrier
to the development of energy crop supply, particularly for SRC willow. There was a
keen awareness that the financial return could be greater if farmers were supplying

local schools, hospitals or leisure centres. It was felt that supply to large electricity
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generators would never be the most financially attractive option. This view is
supported by Valentine et al. (2008), who consider that SRC willow is currently
undervalued, and that higher prices should be achievable as the market develops and

the inherent energy value is fully recognised.

Follow up research (Sherrington and Moran, 2008) in the form of a wider postal
survey of UK farmers' attitudes and behavioural intentions towards perennial energy
crops identified that perception of financial return was not simply a question of
anticipated gross margin. Of greater concern was the security and stability of income
from contracts, disruption to cashflow, and reduced farm business flexibility.
Specifically in relation to SRC willow, there were worries about damage to field

drains from the roots.

The opportunity cost of growing perennial energy crops was also a concern to focus
group participants. While the price of wheat and other annual crops has increased
dramatically in recent years, the price offered for SRC willow and miscanthus was
not felt to have risen much at all (Sherrington et al., 2008). Moreover, farmers are
familiar with annual crops, for which there is a well developed market. While
farmers may not always get the price they are expecting with wheat, they know they
will at least be able to sell it, whereas for perennial energy crops, the lack of a
developed market means farmers are concerned about being left with a crop that no-
one will buy. The majority of focus group participants felt it was difficult to
calculate the returns from energy crops due to uncertainty over costs, yields and
prices. In contrast, farmers were very aware of returns from conventional annual
crops and at what prices and yields they would be profitable (Sherrington et al.,
2008). There is also the issue of flexibility, with farmers valuing the ability to switch
crops year on year - something that would not be possible on land committed to

perennial energy crops (Sherrington et al., 2008).

University of Cambridge (2005) identifies that farmers are often reluctant to switch
from one annual crop with which they are familiar to another less familiar annual

crop. This inertia means that farmers may not immediately switch on the basis of an
increased gross margin. For miscanthus and SRC willow the differences are greater

still. SAC (2007a) states that for most farm businesses SRC willow remains
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unattractive due to the long term commitment required, loss of cropping flexibility,
and limited market. It is suggested that to overcome these issues and achieve large
scale plantings, SRC willow returns would have to significantly exceed those

achievable in conventional arable systems (SAC, 2007a).

However, estimating the required level of return is very difficult as the risks involved
in growing perennial energy crops are of a different kind to those associated with
annual crops. Comparison of two annual crops might be based on their average yield
and price over a number of years, and the variance of those factors, with a higher
variance indicating a greater risk. For perennial energy crops there is no such track
record of yield and price to which farmers can refer with confidence. Indeed. along
with yield and price risk, there is regulatory risk, arising from both agricultural and
energy policy. The suspension of the establishment grant and the subsequent
lowering of the payment level is an example of the former, while ongoing
amendments as to the status of co-firing within the RO (Sherrington et al., 2008), and
subsequent banding of ROCs (OPSI, 2009) are examples of the latter. There is also
institutional risk, in terms of the confidence that farmers have in the security of

payments available through contracts (Sherrington et al., 2008).

While difficult to model, the fact that farmers' perceptions of the risks associated
with perennial energy crops have been identified is an important step. As Meijer et
al. (2007) point out, identifying dominant sources of uncertainty can deliver valuable
insights for policy makers, who may choose to act to tackle these barriers to
adoption. Sherrington et al., (2008), for example, suggest that farmer confidence in
the security of the contracts could be increased through government underwriting or

some form of insurance.

This paper therefore abstracts from these uncertainties, and looks at the level of
financial return required to motivate farmers to adopt perennial energy crops under
the assumption of a profit maximising decision maker, and in the absence of

previously identified barriers.
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20.0 Methodology for application of the farm

level model

A generic linear programming model for farm-level analysis, developed at the
Scottish Agricultural College (SAC) was used to assess the likely uptake of perennial
energy crops at different gross margins under the assumption of a profit maximising
decision-maker, as outlined above. The model can be calibrated to represent any
particular farm situation, in terms of basic resource endowments, and run using
Visual Basic for Applications and Microsoft Excel Solver to simulate representative
or real farm situations. The model has been used in various studies, e.g. Revell and
Oglethorpe (2003), to analyse the economic impacts of policy developments on farm
businesses, particularly relating to how enterprise substitutions may occur. The
model incorporates all major cropping and livestock activities carried out on UK
farms and can thus be calibrated for all mainstream farming types (University of
Cambridge, 2005). The objective function of the model is to maximise the overall
farm gross margin (revenue minus variable costs) in a single year (SRC willow and
miscanthus gross margins are therefore represented as annual equivalent values)

within the constraints of available resources such as land, labour and machinery.

Gross margins are not explicitly entered into the model for conventional crops, but
are implicit from the variable costs involved in production, relating for example to
seeds, fertiliser, and herbicides, and the revenue based on the yield and the prices
received. For the purposes of this exercise, energy crops are included in the model as
an extra activity available to the farmer. This energy crop option does have an
explicit gross margin. The model proceeds through a number of runs, with the
objective of maximising the whole farm gross margin. With each run of the model,
the gross margin attributed to energy crops is gradually increased, and the effect of
this on the amount of land allocated to energy crops is observed. Having identified
the gross margin that is necessary to bring about a certain level of uptake, the
price/yield/subsidy combination necessary to achieve such a gross margin is

considered.

116



Fixed costs are included in the modelling in order to calculate a net margin for SRC
and miscanthus, but the allocation of land to energy crops in the model is determined
simply by the energy crop’s gross margin. It is considered likely that for most
farmers the establishment and harvesting of perennial energy crops will be
undertaken by contractors (University of Cambridge, 2005; Sherrington et al., 2008),
and this is reflected in the model where these activities make no call on the farm’s
labour or machinery resources. For conventional crops, however, farms have a
choice of using on-farm machinery and labour, which is effectively a fixed-cost
aspect, or alternatively, once these resources are fully allocated, contractors and
related machinery can be brought in. It is worth noting that the use of contractors for
conventional crops represents a variable cost attributed to the specific activity, and

will therefore reduce the gross margin of that particular activity.

It was decided not to attempt explicitly to consider risk within the model because, as
outlined above, the risks associated with growing perennial energy crops are
different from those related to conventional crops. In addition to potential variations
in price and yield, a number of specific concerns stem from the position of perennial
energy crops at the interface of agricultural and energy policy. Alongside this
changing regulatory framework is the perceived institutional risk associated with
contracts. The approach taken, therefore, is to abstract from these previously
identified risks (Sherrington et al., 2008; Sherrington & Moran, 2008) and examine
theoretical uptake under the assumption that these barriers to adoption had

effectively been tackled through policy intervention.

While this approach was taken for the purposes of this assessment, for future work,
risk could be included within the model using, for example, Monte Carlo methods.
Under this approach, probability distributions could be described for the prices
available for competing activities. In addition, such techniques could be used to
account for risk in the production of energy crops, such as for the cost of inputs,

harvesting, and indeed the yield that might be expected.

The model was used by University of Cambridge (2005) to predict uptake of
perennial energy crops at different gross margins across four of the major farm types

(cereal farms, mixed farms, general cropping farms, cattle and sheep (lowland)
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farms). However, in the context of the subsequent significant global rise in the price
of agricultural commodities such as wheat (FAO, 2007, Farmers Weekly, 2009b) and
the role that biomass is due to play in the UK Government’s approach to tackling
climate change (DECC, 2009a) it is important to reassess the gross margins that
would be required to stimulate production to the level necessary to meet the
theoretical potential. The four representative farm types are distinguished in the
model principally on the basis of the number of hectares of different land types
available for different activities. As in the University of Cambridge (2005) study.
each of the farm types were split into three size groups based on classifications from
the Farm Accounts in England (Defra, 2002) (see Table 21). As with the University
of Cambridge (2005) study, within the model energy crop production can only occur
on tillable land. It is recognised that this is a simplification in that some farmers may
choose to plant perennial energy crops on less productive soils, although the yield

and therefore gross margin would be lower in these cases.

Farm Type Size Total area Semi-natural Permanent | Tillable land
farmed (ha) | pasture/rough | pasture (ha) (ha)
grazing (ha)
Small 60 0.5 8.7 50.8
L Medium 143 1.1 13.5 128.4
Large 392 1.2 21.5 369.3
Small 90 0.1 29 60.9
Mixed Medium 125 0.5 37.1 87.4
Large 286 6.6 69.6 209.8
Small 68 0 4 64
General :
cropping Medium 88 0.1 8.7 79.2
Large 359 3.7 234 331.9
Small 80 2 51.2 26.8
Cattle & :
sheep Medium 121 0.1 78 429
Lol Large 205 5 91.4 108.6
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Table 21: Farm types used in modelling exercise

With an increase in agricultural commodity prices over the past few years, UK
farmers are now achieving higher gross margins for a number of conventional crops.
A typical gross margin for winter wheat, for example, has increased from £301/ha
(University of Cambridge, 2005) to £738/ha (SAC, 2007b). While the prices
achieved for such crops have increased considerably, the focus group participants
suggested that prices offered for energy crops have failed to keep up. Prices, and
input costs, for conventional activities included in the model (see Table 22) were
updated using the 2007/08 edition of the Farm Management Handbook (SAC,
2007b), and the analysis re-run to investigate the gross margins that would have to be

achieved by energy crops to bring about adoption.

Winter | Winter | Winter | Oilseed Field
Wheat Barley Oats Rape Beans
YIELD
Yield (Grain/Seed) (t/ha) 8 5 7.5 4 5
Yield (straw) (t/ha) 52 56 6.4
OUTPUT
Grain/seed (£/t) 115 105 105 185 135
Straw (£/) 25 30 35
Grain/seed (£/ha) 920 788 788 740 674
Straw (£/ha) 130 168 224
Total output (£/ha) 1050 956 1012 740 674
VARIABLE COSTS
Seed (£/t) 275 270 290 7000 350
Seed (£/ha) 63 59 55 45 88
Fertiliser 143 134 98 127 31
Contract 48 48
Sprays 92 60 59 84 91
Other crop expenses 14 15 17
Total Variable Costs (£/ha) 312 268 229 304 258
GROSS MARGIN 738 688 783 436 417

Table 22: Yields, Outputs, Variable Costs and Gross Margins of Conventional Crops
(Source: Farm Management Handbook (SAC 2007b)
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Prices were based on a single year rather than taking a weighted mean of prices over
5 years, as it was felt that doing so would not accurately reflect the price expectations
of farmers. Among focus group participants (Sherrington et al., 2008) there was
much speculation (and some excitement) as to how high the wheat price might go.
UK wheat futures rose from around £90/t in January 2007 to a peak of £190/t in
March 2008. While they have subsequently fallen back, the current futures price for
feed wheat for delivery in November 2010 is £115/t (Farmers Weekly, 2009a), which
is well above the five year average. Moreover, the OECD’s outlook for the next
decade is that agricultural commodity prices will remain at a higher level than in the
past ten years (Farmers Weekly., 2009b). Therefore, the prices used in the model, as

shown in Table 23, while above the five year average, are well below the peaks of

recent years.
Activity Price (£/t) 2002-03 Price (£/t) 2007-08
Winter wheat 70 115
Winter barley 66 105
Winter oats 56 105
Qilseed rape 144 185
Field beans 74 135

Table 23: Comparison of conventional crop prices between 2002/03 and 2007/08
(Source: Farm Management Handbook (SAC 2002; SAC 2007b)

A simple budgeting analysis would suggest that new activities would have to provide
gross margins greater than those for alternative crops in order to be adopted.
However, agronomic and practical constraints prevent farmers from growing a single
but profitable crop. Instead, crop interactions within a rotation give rise to an
optimum combination of crops within a farm business. One advantage for SRC
willow and miscanthus in this respect, as perennial crops, is that they fall outside of

any rotational constraints.
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20.1 Energy crop cost, yield and price assumptions

All periodic variable costs such as harvesting, and assumptions relating to yield, for
both SRC willow (9odt/ha/yr) and miscanthus (140dt/ha/yr), are held at the same
levels as the standard assumptions used by University of Cambridge (2005). For SRC
willow at 9/odt/ha/yr the contract costs for each harvest are taken to be £311/ha. The
marketing costs (for loading, weighbridge charges and moisture testing) are £135/ha
(£5/0dt), and the handling & drying costs are £162/ha (£6/0dt). This gives total
variable costs in the harvest year of £608/ha, or approximately £203 on an annual

basis.

For miscanthus, assuming yields increase up to 14odt/ha/yr, the contract costs for
each harvest are taken to be £92/ha. The marketing costs are £45/ha (£3.20/0dt), and
the handling & drying costs are £56/ha (£4/0dt). This gives total variable costs in the
harvest year of £193/ha. These cost figures, for both SRC willow and miscanthus, are
consistent with those currently used by the TSEC-Biosys programme, and have been

validated through discussions with industry (Bauen, 2008).

The establishment costs and associated grants, however, are updated to take account
of the more recent work for Defra by Jones (2007). The ex-farm price for SRC
willow has been increased to £40/odt, to represent contracts currently available to
farmers in the vicinity of Drax power station (CRL, 2008). The ex-farm price for
miscanthus has been increased to £60/odt, as per contracts now available to farmers
wishing to supply Drax (Farmers Weekly, 2008). These costs and assumed revenues
over a 16 year period are discounted at 6%, representing the farmer's cost of capital,
to give a net present value (NPV) and an annual equivalent value (AEV). The AEV
represents the gross margin when making the comparison with conventional annual

Crops.
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21.0 Results

This section first presents the calculated likely gross margins for SRC willow and
miscanthus, followed by model results showing the gross margins that would be

required to achieve a certain level of uptake.

21.1 Energy crop gross margins

As with any discounted cashflow model, increased costs in the year of establishment
(Year 0), have a greater impact on the NPV and AEV than any increases in
subsequent years. The figures presented by Jones (2007) mean that SRC willow
delivers a lower gross margin under standard assumptions (see Table 24) than
previously reported by University of Cambridge (2005), even when increasing the
price from £35/0dt to £40/0dt. If the price were taken to be £44/odt, then the gross
margin is £98/ha, barely changed from the University of Cambridge (2005) figure. It
is of interest, however, to consider the impact of an increase in the price for SRC
willow to levels suggested by Valentine et al. (2008). The authors suggest that £45-
60/0dt is a more realistic price in terms of the developing market. This would deliver
a gross margin of between £106/ha and £221/ha. A higher potential value of £75/odt
is suggested as better representing the inherent energy value. This would deliver a
gross margin of £337. However, for the purposes of this exercise, the use of the
£40/0dt figure is justified as this represents what is currently available on a large

scale contract.
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University of Amended
Cambridge (2005) | establishment costs
and grant level as per
Jones (2007)
Price £lodt 35 40
Yield odt/halyr 9 9
Energy crop payment £/ha 30 30
Establishment costs £/ha 1273 1663
Establishment grant £/ha 1000 665
Gross margin £/ha 97 67

Table 24: Effect of revised establishment costs and grant levels on Gross Margin of

SRC willow under standard assumptions

Miscanthus, on the other hand, now shows a greatly increased gross margin of
£444/ha based on the significant increase in price to £60/odt (see Table 25).
However, it is not clear whether this price would be offered for supply to facilities
other than Drax. Had the price remained at £25/0dt, the effect of the revised
establishment costs and grant levels would have been to reduce the gross margin to
£35/ha. Working on the estimated price quoted by Nix (2007) of £35/0dt, the gross
margin would be £152/ha.

University of Amended
Cambridge (2005) | establishment costs
and grant level as per
Jones (2007)

Price £lodt 25 60
Yield odt/halyr 14 14
Energy crop payment £lha 30 30

Establishment costs £/ha 1691 2000
Establishment grant £lha 920 800
Gross margin £/ha 75 444

Table 25: Effect of revised establishment costs and grant levels on Gross Margin of

miscanthus under standard assumptions
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21.2 Modelled uptake

The figures below show the uptake for each farm type and size, for 2002/03 prices of
competing activities and for 2007/08 prices. In general terms, the higher prices
obtained for conventional crops in 2007/08 have led to an increase in the gross
margin that is required before energy crops are adopted. Once they are adopted, the
models show smaller proportions of the farm being allocated to energy crops in the
2007/08 scenarios for a given gross margin. This is in line with the intuitive
assumption that higher prices for alternative crops would increase the return required

from energy crops before adoption.

Cereal farms
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Figure 5: Uptake of perennial energy crops on cereal farms
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Figure 6: Uptake of perennial energy crops on mixed farms
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Figure 7: Uptake of perennial energy crops on general cropping farms
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Figure 8: Uptake of perennial energy crops on cattle and sheep (lowland) farms

As with all linear programming models, understanding the underlying assumptions is
important in interpreting the results. One assumption is that the model is constrained
so that farms are engaged in some farming activity. This means that the level of
uptake for the 2002/03 results is considered to be exaggerated at lower levels of
gross margin, because until the gross margin reaches a certain level, the farmer may
well choose simply to take the single farm payment, which is not linked to
production, and undertake the minimum necessary to achieve “‘Good Agricultural and
Environmental Condition’ (GAEC) which is a requirement for receipt of the payment
(University of Cambridge, 2005). In reality, this is less likely to be the case in the
2007/08 run of the model where high prices for conventional crops mean farmers are

seeking to bring more land back into production (Farmers Weekly, 2007).

As noted by University of Cambridge (2005), uptake of energy crops in the model
appears to occur at levels of gross margin lower than would be expected given the
gross margins of conventional crops. With gross margins of £125/ha, most of the
farm types/sizes modelled have adopted energy crops to some extent, and by
£150/ha, all but one of the models have done so. This is related to the fact that the

energy crop gross margins include the costs of machinery and labour as most work is
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undertaken through contract. In the model farms have a choice of using on-farm
machinery and labour, which is effectively a fixed-cost aspect, or alternatively, once
these resources are fully allocated, contractors and related machinery can be brought
in, but these will represent a variable cost attributed to the specific activity, and will
therefore reduce the gross margin of that particular activity. It is noticeable in this
respect that larger farms generally seem to have lower thresholds for uptake. A large
proportion of cereals are grown with the use of contractors on the larger farms, which
reduces their gross margin accordingly and therefore reduces the level of gross
margin necessary before energy crops become viable, and leads to higher uptake at
lower gross margins (University of Cambridge, 2005). This reflects the reality that
on farms where there is an existing labour force and sufficient machinery to
undertake all tasks, energy crops are less likely to be adopted. If they were, and
contractors were brought in to do the work (and focus group findings suggested that
farmers would almost always want a contractor to undertake the specialised work),

the fixed labour costs would still have to be paid even if staff were standing idle.

The model also shows major changes in cropping with relatively small changes in the
gross margin of energy crops. Again, this is due to the underlying assumptions within
the model, such that once the gross margin for energy crops is higher than alternative
activities, large changes occur. In practice, this is thought unlikely to take place due
to farmers’ aversion to risk, which is not considered within the model (University of

Cambridge, 2005).

21.3 Aggregate levels of uptake

It is of interest to investigate what the observed results at the farm-scale might mean
in terms of production on a regional or national basis. At the simplest level, this
involves aggregation of the farm-level results. However, it is important to note that
when reporting farm-level results, no account is taken of longer term market
conditions, and the 'small firm' case prevails where no endogenous changes in

demand or supply are implemented by the model. Therefore, as supply levels shift,
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the resultant changes in price are not accounted for, and should be borne in mind

when interpreting such aggregated estimates (Revell and Oglethorpe, 2003).

Table 26 shows the results for each of the 12 farm type and size combinations when
aggregated using data on the number of such businesses in England from the June
Census (Defra, 2002). These indicate that on comparison of financial returns alone,
and abstracting from known barriers to adoption, the theoretical potential of

350,000ha for the UK as a whole (Defra, 2007) should readily be achieved.
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%
Average | Number % uptake | Total area Total area | % uptake at
._.wwm%* Size size of mﬂMMﬁ.ﬂ a) at GM of | of energy mﬂ_uoﬁﬂww f of energy GM of Q:Mwnm_ommmmm ﬂmﬁmv
(ha) | Farms £100/a | crops (ha) | gqoe > | Crops (ha) | £150/ha gy‘crep
Small 60 5,653 339,180 - - 48 162,806 49 166,198
Cereals | Medium 143 5,045 721,435 - - 40 288,574 61 440,075
Large 392 4,085 | 1,601,320 67 1,072,884 76 1,217,003 76 1,217,003
Small 90 3,015 271,350 - - 31 84,119 31 84,119
Mixed Medium 125 2,091 261,375 - - - - - -
Large 286 1,981 566,566 - - 5.6 31,728 7 39,660
Small 68 1,796 122,128 48 58,621 48 58.621 54 65,949
General :
Cropping Medium 88 2,569 226,072 - - 24 54,257 30 67,822
Large 359 3,278 | 1,176,802 27 317,737 52 611,937 55 647,241
Small 80 7,545 603,600 - - 8 48,288 27 162,972
Cattle &
Sheep | Medium 121 1,384 167,464 - - - - 4 6,699
(Lowland)
Large 205 436 89,380 - - 32 28,602 2 1,788
Total
area (ha) 6,146,672 1,449,242 2,585,935 2,899,525

Table 26: Modelled aggregate uptake of energy crops over four farm types in England at different gross margins
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Taking the estimated price quoted by Nix (2007) for miscanthus of £35/0dt to be
representative of what has been available to farmers in recent years, the gross margin
would typically be £152/ha. At this level, as shown in Table 26, the models show an
aggregate uptake of almost 2.9 million hectares, which is over eight times the
theoretical potential as considered by Defra (2007). While this is likely to be an
exaggerated level, as it does not account of any changes in price as a response to
increased supply, notwithstanding the general reluctance on the part of farmers to
make large changes to their cropping plan simply on the basis of a more competitive
gross margin, it does demonstrate that for many farms, a crop providing these
returns, using a price at the lower end of what is currently available, should be
attractive. The most recent available figures on miscanthus uptake indicate an area of

12,627ha in England (Defra. 2006), which is less than 0.5 % of the modelled level.
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22.0 Discussion

It is possible to identify from Figure 5, Figure 6, Figure 7 and Figure 8, the general
trend in uptake of the energy crop option, resulting from increased prices for
conventional activities. One might quite reasonably assume that taking an average of
prices between 2002/03 and 2007/08 might generate levels of energy crop uptake
that follow the same trends, but lying between the levels shown for the different
years. The results of this model should not, however, be taken as a forecast for a
number of reasons that have been outlined in the text. These include the novel nature
of the crops, the lack of an established market, and the associated risks as perceived

by farmers.

Previous research has identified that in general there tend to be fewer barriers to the
adoption of miscanthus than there are for SRC willow (Sherrington et al., 2008).
Even so, miscanthus is clearly not yet an attractive crop for farmers to the extent that
might be expected given the current estimated level of return. This discrepancy
between the modelled results and the area of land that has actually been committed to
miscanthus, which is also due in part to the limited number (and distribution) of
dedicated biomass and co-firing power stations, highlights the significance of these
barriers and the threat that they pose to the attainment of the technical potential of

perennial energy crops in the UK (Defra, 2007).

The actual supply response of UK farmers to perennial energy crops, given the
current energy and agricultural policy environment, is clearly going to be different
from the modelled supply response. Farmers perceive these novel crops to present a
greater risk than conventional annual crops, for numerous reasons outlined above,
and will not simply switch to them when the predicted gross margin is slightly higher
than for an existing activity. For most farmers, there should, however, come a point
when the price offered for miscanthus or SRC willow is sufficiently high to
overcome these other concerns. When this occurs, in effect, payment will accurately

reflect the premium for the risk that individual farmers believe they are taking. An
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interesting example to observe will be farmer uptake of the £60/odt contracts for
miscanthus offered by Bical for supply to Drax (Farmers Weekly, 2008). Over time,
increased uptake and farmers’ increased familiarity with the crops should act to

reduce the required risk premium.

The prices offered by these contracts have been calculated in this paper to deliver a
gross margin of £444/ha. While this may well be sufficiently attractive to enough
farmers for Drax’s supply expectations to be realised, it would seem, from the model,
that a considerable risk premium is being paid. It is therefore worth assessing the
impact of current agricultural and energy policy on the perception of risks relating to
these crops, the extent to which this is dealt with in contracts, and considering what
approaches might serve to lower the perceived risks, and thus lessen the barriers to

adoption.

22.1 Agricultural policy support for perennial energy crops

A number of grants have been available to farmers throughout the UK for the
establishment of SRC willow and miscanthus with an energy end use in mind. In
England, the Energy Crops Scheme (ECS) under the 2000-2006 England Rural
Development Programme (ERDP) offered £1000/ha for SRC willow and £920/ha for
miscanthus. This scheme closed to applicants in the summer of 2006, and has been

superseded by a new ECS (2007-2013), which opened in October 2007.

The main difference with the new scheme is that for both SRC and miscanthus,
payment will be based on 40% of actual establishment costs instead of a fixed
hectarage basis (Natural England, 2007). Taking Defra's estimate of typical
establishment costs for SRC of £1663 (Jones, 2007) the grant will be reduced from
£1000/ha to £665/ha. For miscanthus, the estimate of establishment costs is £2000/ha
(Jones, 2007), and thus the grant will be £800/ha.

Sherrington et al. (2008) identified that the establishment grant is of key importance
to focus group participants. Very few would consider growing perennial energy

crops in the absence of the grant, due to high upfront costs and uncertainties over the
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resulting net income (Sherrington et al., 2008). While farmers still have concerns
over the security of income from energy crop contracts (Sherrington et al., 2008;
Sherrington and Moran, 2008), this reduction in the level of upfront support does not
appear to be consistent with the aim of encouraging a wider uptake (Defra, 2007).
From the perspective of farmers taking part in the focus groups, this would make the

crops less attractive.

22.2 Energy policy support for energy crops

The Renewables Obligation (RO) is the UK Government's key policy mechanism for
increasing the proportion of electricity derived from renewable sources. Under the
scheme there is a mandatory requirement for UK electricity suppliers to source a

growing percentage of electricity from eligible renewable generation capacity.

In April 2009, the RO changed from being ‘technology neutral, awarding ROCs for
every MWh of electricity produced from any eligible renewable source, to providing
different levels of support to different technologies through ‘banding’. Technologies
are now grouped in ‘bands’, receiving 0.25, 0.5, 1, 1.5 or 2 ROCs per MWh, based
on their level of development and generation costs. This is to encourage a greater
diversity of renewable technologies and give greater support for those technologies
that are currently less cost-effective. Under the amended Obligation, co-firing of
regular (non-energy crop) biomass, considered an established technology, receives a
reduced level of support of 0.5 ROCs, while co-firing of energy crops is awarded 1
ROC for every MWh. Dedicated regular biomass receives 1.5 ROCs, while energy
crops in dedicated biomass burners or in combined heat and power (CHP) receive 2

ROCs (OPSI, 2009).

Valentine et al. (2008) calculate that this additional 0.5 ROC payment for energy
crops should be worth £28.81 per odt to electricity generators. This is based on the
2007/08 ROC buyout price of £34.30 (BWEA, 2008) and a value to generators of
1.68MWhe/odt (assuming wood at 35% moisture and with 35% conversion

efficiency) (Valentine et al., 2008). This figure does not seem to account for a typical
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supplier margin, with the average of industry data showing that 88% of the ROC
value is actually received by generators, the remaining 12% being held by the
suppliers of electricity to end consumers (Carbon Trust, 2005). However, with the
current traded ROC price of approximately £53/MWh (NFPA, 2009). it could be
assumed that the additional 0.5 ROCs is worth approximately £39 per odt to
generators. How much of this value might then be passed through to energy crop

growers is uncertain.

Sherrington and Moran (2008) conclude that while farmers in general don't consider
that miscanthus or SRC willow will give a high gross margin, simply increasing the
financial return from these crops without addressing the concerns relating to security
of contracts and stability of income is unlikely to result in widespread uptake.
However, this is precisely what has happened with banding of the Renewables
Obligation, which gives electricity generation from energy crops a higher level of
support than for electricity generation from regular biomass (OPSI, 2009). This
support is in fact directed towards the electricity supplier rather than the farmer, but
the expectation is that the higher prices should, via the generator, feed through to

farmers and increase uptake (Valentine et al., 2008).

In combination with changing agricultural policy support, it can be seen that there
has been a shift in emphasis away from up-front and direct funding to the farmer via
establishment grants towards the ‘indirect’ funding of electricity generation from
perennial energy crops, which should theoretically deliver increased revenues to the
farmer four years after initial establishment of the crops. While farmers have
concerns over the security of income through currently available contracts, this will

serve to reduce the effectiveness of increasing the potential financial return.

Heat generation from energy crops has long been recogm:sed by the Government as
an efficient way to reduce carbon emissions (DTI & Defra, 2006), and The Energy
Act 2008 (HMSO, 2008) allowed for the setting up of a Renewable Heat Incentive
(RHI). This is due to be introduced in April 2011, and will provide support for the
use of perennial energy crops for heat generation at all scales. (DECC, 2009b).
Farmers participating in the focus group discussion felt that the lack of an incentive

for renewable heat was a significant barrier to the development of energy crop
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supply, particularly for SRC willow. It was strongly felt that the financial return
could be greater, and contractual security improved, if farmers were supplying local

schools, hospitals or leisure centres (Sherrington et al., 2008).

22.3 Contracts available for SRC willow and miscanthus

Coppice Resources Ltd (CRL) offered farmers contracts, in 2007, to supply Drax,
with Retail Price Index (RPI) linked payments for the harvested crop of around
£37.50/0dt (ex-farm at 35% moisture content) (CRL, 2007). These have since been
increased to £40/odt (CRL, 2008). CRL also offer a contract for supply to the
Biojoule pellet plant, at £15/0dt for the standing crop, with all harvesting, handling
and haulage costs covered by CRL. A further contract is available to supply the
Sembcorp Wilton 10 power station on Teeside. In 2007, this offered £41.50/0dt
(delivered price at £35% moisture content). This has since been increased to £61/odt,
but a formula is used to account for the amount of fuel needed to dry the chip down
(CRL, 2008). At 35% moisture content, and using CRL's assumption of £12/odt for
haulage costs, the price equates to approximately £44/odt ex-farm. As of October
2008, CRL has no growers lined up to supply SRC willow to Drax, Biojoule, or
Sembcorp Wilton 10 (CRL, 2008).

Valentine et al. (2008) consider that current prices offered for SRC willow do not
fully reflect the value of the crop. In their analysis they consider £45-60/0dt to be a
more realistic price in terms of the developing market, and £75/0dt a higher potential
value based on inherent energy value. The forthcoming RHI raises the likelihood that

prices for SRC willow will indeed increase in future years.

Nix (2007) quotes a price range for miscanthus of £25-£45 per odt, based on
information supplied by Bical, and uses £35/o0dt to illustrate a gross margin
calculation. More recently, a price of £60/0dt ex-farm has been quoted as available
through Bical to supply Drax (Farmers Weekly, 2008; Farmers Guardian, 2008).
This represents a substantial improvement on the previous prices available for

miscanthus
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It is not clear, however, that this price will become available to farmers wishing to
supply facilities other than Drax. As an independent power producer operating one
4000MW coal fired power station, they are not representative of the vertically
integrated power companies that constitute the majority of the UK's electricity
generation. Drax's expenditure on carbon allowances within the EU Emissions
Trading Scheme increased from £11 million in the first six months of 2007, to £107
million in the first six months of 2008. This is due both to a reduction in the number
of free allocations awarded to Drax under Phase II, and an increase in the cost of the
allowances that must be purchased (Carbon Finance, 2008). This would have the
effect of making combustion of biomass relatively more attractive due to the benefits
of avoided carbon costs. While the carbon neutrality of biomass under the EU-ETS
increases its attractiveness to all power producers, other generators with a less carbon

intensive mix of coal, gas and renewable generation may not be under such pressure.

Importantly, Bical has introduced a scheme for deferred payment of 43% of the first
two year's costs (Farmers Weekly, 2008). The deferred payment scheme would also
appear to address one of the key concerns that farmers have about perennial energy
crops, which is the issue of cashflow difficulties in the period before the first harvest
(Sherrington et al., 2008). The reduction in the establishment grant will have made

this deferred payment scheme even more important.

22.4 Tackling barriers to uptake in a cost-effective manner

Widespread adoption of energy crops could bring societal benefits in terms of both

cost-effective reductions in carbon emissions, and increased security of energy

supply.

Use of perennial energy crops, and in particular using SRC willow for heat
generation has been demonstrated to be a cost-effective approach to reducing carbon
emissions (University of Cambridge, 2005). There are also some important

arguments in relation to security of energy supply that cannot readily be incorporated
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into models as presented in this paper. All things being equal, it might be expected
that UK citizens would place a premium on an energy source that was guaranteed to
contribute to UK supply, as opposed te imports of, for example, natural gas that are
seen as ‘less secure’. While there is a lack of empirical evidence that would enable
such a premium to be modelled in respect of potential future uptake, in future years it
may well be that such a premium becomes apparent, to the benefit of UK growers of

energy crops.

However, current farmer perception of the risk involved in growing perennial energy
crops, allied with the way agricultural and energy policy is formulated threatens to

either:

a) Prevent such potentially cost-effective carbon reduction options taking place

(at least on anything other than a relatively small scale); or

b) Increase the overall cost of reducing emissions in this way. Through the
approach of increasing the contract price to such a point that it provides
sufficient risk compensation for individual farmers to adopt such crops, the
cost-effectiveness of this measure as a way of reducing carbon emissions,

decreases.

The results from the modelling show that without the barriers to adoption, farmers
would adopt energy crops at a lower gross margin than they would require at present
given the perception of risk that exists. This leads to inefficient outcomes at the
societal level. Farmers miss out on an opportunity to diversify and establish new
markets, energy suppliers (and ultimately consumers) pay higher prices than they

otherwise would, and an opportunity to abate carbon at a lower cost is foregone.

There are a number of potential advantages for society as a whole that arise when
risks in agriculture are shared, through routes such as insurance, marketing contracts,
or external equity financing (Meuwissen et al., 2000). One key benefit is that the
possibility of sharing risks permits individuals to engage in risky activities, which
they would otherwise not undertake. In so doing, the expected return to society is

increased over what would prevail if individual agents were constrained to accept
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only those risks they could afford themselves to bear (Arrow, 1992; Hardaker et al.,
1997; Rejda, 1998). In addition, if farmers can trade away part of their risks so that
they can move closer to the point of expected profit maximisation — but not fully
because there are costs involved — the result will be a more socially desirable
allocation of resources (Myers, 1988). Moreover, if farmers need to put less effort
into on-farm methods of avoiding risks, they might well be able to use their resources
more efficiently, which in turn implies greater overall efficiency in resource use

(Hardaker et al., 1997; Rejda, 1998).

In the context of perennial energy crops, a form of insurance available to growers
that would serve to reduce concerns about the security and stability of incomes from
contracts, would have the wider societal benefit of enabling cost-effective reductions
in carbon emissions, alongside the potential energy security benefits. Until the
market becomes more established, there is arguably a role for Government in acting
as guarantor, or at least becoming more actively involved in the provision of a form

of insurance.

While no such scheme has, to the author’s knowledge, been proposed, it could
potentially be in the form of a bond that is placed in the hands of a third party
(perhaps a Government Agency) by the intended purchaser of the energy crops. In
the event of a default, the farmer would be guaranteed a certain minimum amount of
income. As there is such a mistrust of contracts at present, there would certainly
appear to be a role for Government in improving the institutional structure within

which agreements between grower and end-user are determined.

In tackling the known barriers to adoption in this way, the actual supply curve would
move closer to the modelled supply curve. As outlined by Sherrington & Moran
(2008), perception of financial return from perennial energy crops is not simply a
question of anticipated gross margin. Of greater concern to farmers is the security
and stability of income from contracts, disruption to cashflow, and reduced farm
business flexibility. While the issue of reduced farm business flexibility is difficult to
address, concerns over security and stability of income from contracts could be
tackled through Government intervention to establish an insurance scheme. In

addition, the design of the contracts themselves can help to reduce the disruption to
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cashflow. The contracts recently offered by Bical demonstrate this in offering

deferred payment of 43% of the first two year's costs (Farmers Weekly, 2008).

Directly tackling these known barriers to adoption in this way would lead to uptake
of perennial energy crops by farmers at lower gross margins, would help the market
to become established, and enable the achievement of carbon reductions at a lower

cost than would otherwise have been the case.
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23.0 Conclusion

Farm-level modelling suggests that miscanthus, at current prices, should be more
widely adopted than is the case. This lends support to the existence of previously
identified barriers to adoption (Sherrington et al., 2008; Sherrington & Moran, 2008).
SRC willow, on the other hand, remains less financially competitive at present,

although the potential for higher prices for heat use is apparent.

Establishment grants are of key importance in encouraging farmers to adopt these
crops, as farmers have concerns with the security and stability of income from the
available contracts. However, the establishment grants for both miscanthus and SRC
willow have been reduced, with greater emphasis now being placed on higher prices
available to farmers through contracts. This has meant a drop in the proportion of
income that is received upfront and seen by farmers to be secure, and a greater
emphasis on deferred income, perceived as less secure. While increasing prices
should eventually compensate for the perceived risks facing the individual farmer,
this would appear to be an unnecessarily expensive approach when a large number of

these risks have already been identified.

An alternative approach, outlined in this paper is for Government directly to address
farmer concerns about security and stability of income from contracts through the
establishment of an insurance scheme, and for the contracts themselves to be
amended to allow for a smoothing of farmer cashflow. This would have the effect of
bringing the actual supply response closer to the modelled supply response, and
increasing the uptake among UK farmers at lower gross margins. This would allow
the achievement of carbon reductions at a lower cost than would otherwise be the

case.
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Chapter 5: An economic assessment of windfarm
power generation in Scotland including

externalities

The research presented in this chapter has been published as Moran, D. &
Sherrington, C., 2007. An economic assessment of windfarm power generation in
Scotland including externalities, Energy Policy 35, 2811-2825. While C. Sherrington
was in fact the lead author, due to a misunderstanding during submission, the details

were incorrectly recorded.
Abstract

This paper uses cost-benefit analysis to assess the economic feasibility of a large
scale windfarm project, taking into account positive and negative externalities of
generation. The issue of non-use value (i.e. a welfare change among those who will
never visit the area and see the windfarm) is addressed with reference to the study by
Bergmann et al (2006), which determined a social cost of £19.40 per household for
the non-use disamenity associated with a large scale windfarm in Scotland. This
paper demonstrates the extent to which this estimate affects the economic feasibility
of the project. We find that for all but one of the sixteen scenarios considered, the
project returns a positive net present value despite the inclusion of this non-use
value, thus suggesting that in these cases the windfarm delivers a net welfare gain to

society.

26.0 Introduction

The projected increase in renewable generation capacity in Scotland raises a number
of questions about the economic feasibility of renewable energy supplies. In
addressing a global external cost, that of climate change, the development of

renewables can give rise to other social costs that are predominantly domestic.
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Considering the full economic costs, some technologies (e.g. onshore wind power)
may be less favoured since they give rise to visual disamenity that some communities
feel disproportionately affected by (Simpson 2004). In Scotland, there is an ongoing
public debate on the issue of the visual impact of windfarms on the landscape.
However, apart from Kennedy (2005), addressing offshore installations on the US
eastern sea board, there has so far been no assessment of how such social costs may

affect the economic feasibility of specific wind energy projects

Accordingly, this paper presents the results of an economic cost-benefit analysis of a
large scale onshore wind energy project in southern Scotland. The aim is to
consider the widest social perspective on the project taking both positive and
negative externalities into account. The paper is structured as follows. First, we
provide some background to the energy strategy in Scotland: a country well
positioned to make greater use of renewable energy sources and currently undergoing
change in its electricity generation mix. This section will also consider current
hurdles to the development of renewable energy projects. Next, the project case
study is introduced as a basis for quantifying the range of relevant costs and benefits
and assumptions for an economic appraisal. The paper then presents the results of a
formal appraisal and sensitivity analysis. The final sections offer discussion and
conclusions on research gaps hindering the further development of wind capacity in

Scotland and the UK.

26.1 The changing patterns of electricity generation in Scotland

While overall UK energy policy is still reserved to Westminster, following
devolution in 1999, substantial areas relating to energy policy are now devolved to
the Scottish Executive. These include the promotion of renewable energy and energy
efficiency, consents for new electricity generating plant and transmission lines, and
land-use planning (Scottish Executive, 2006a). Under Section 36 of the Electricity
Act 1989 applications to build onshore windfarms with an installed capacity in

excess of 50 MW are made to Scottish Ministers. Below this size, applications are

150



made to the local planning authority, and considered under the Town & Country

Planning (Scotland) Act 1997.

This new responsibility comes at a time when the electricity supply industry in
Scotland is set, over the next 10-20 years, to undergo a period of rapid
transformation. This change is being driven by a range of internal and external
factors, (See Macleod et al 2006).  An outcome of this transition is a move towards
an energy mix that gives greater weight to renewables. The Scottish Executive has
set two targets for use of renewable power sources. By 2010, 18% of electricity
consumed should come from renewable generation, rising to 40% by 2020 (Scottish
Executive, 2003). In 2005, the Scottish Ministers re-confirmed the 2020 target,
quantifying it as 6 Gigawatts (GW) of installed renewables capacity, confirming that
this figure shouldn’t be regarded as a cap on development (Scottish Executive,
2005).

A study by Scottish Renewables indicates that by April 2006, 2GW of installed
renewable capacity was operating in Scotland. Across 12 months, this capacity
should generate around 18% of the anticipated Scottish demand for electricity, thus
meeting the 2010 target 3 years ahead of schedule. The study anticipates that by 2010
over 30% of Scotland’s electricity could come from renewables, and over half by
2020 (Scottish Renewables, 2006). Onshore wind is expected to play a significant
role, with a predicted 2.7GW installed capacity generating 20% of Scotland’s
demand for electricity in 2010, and 4.2GW installed capacity generating 29% in
2020.

Environmental and economic benefits and costs will accrue to Scotland as a result of

these increases in the capacity of onshore wind.

26.2 Possible problems with wind energy

Several arguments are used to oppose windfarms. A commonly cited concern relates
to the potential ‘intermittency” or more accurately the variability of electricity

supply from wind power (ECL 2005), and the requirement for back up generation
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capacity. All generators including fossil fuel and nuclear plant need back up, and it is
not the case that dedicated plant would have to be constructed to be held in reserve
for each specific windfarm that is constructed. However, increasing the proportion of
intermittent generation capacity, such as wind, does increase the need for and costs
of back up generation, both through system balancing requirements and reliability
impacts, i.e. the likelihood that overall capacity will be sufficient to meet peaks in

demand (UKERC, 2006).

In Scotland, when production from dispatchable balancing plant is required to make
up for an anticipated shortfall in supply, there are a number of options available.
These include approximately 1.3GW of hydro-electric plant, 700MW of pumped
storage, and S00MW from fast-starting generators and interconnections to England
and Northern Ireland (Scottish Executive, 2006b).

A further concern is the potential for intrusive noise both during construction and
operation of the wind farm, although recent advances in turbine design have reduced
both mechanical and aerodynamic noise. However, the key motivation for anti-
windfarm campaigners is opposition to the visual despoliation of valued landscapes
(Pasqualetti et al.,2002 ; Burall, 2004). The landscape impacts are exacerbated by the
fact that the locations with the highest wind resource are often precisely those
exposed upland areas which are valued for their scenic qualities and which are often
ecologically sensitive. Opponents not only highlight the scenic impact of the
turbines themselves, but also emphasise the visual impacts of the associated
construction and upgrades to the electricity transmission system (Warren et al.,

2005).

This disquiet about the installation of wind capacity is often expressed in a somewhat
unspecific way, combining elements of both use value (residents and visitors who
will see - and possibly hear - the windfarm) and non-use value (those who may never
visit the area and see the windfarm). In other words, some altered landscapes may
affect people’s welfare because their use experience is tarnished. For others, the
option to visit a landscape free of turbines, or simply the knowledge that a “pristine’

landscape exists is a primary reason for valuing the status quo.
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While it is technically possible to quantify these views, there is limited empirical
evidence. A study of public perceptions of wind power in Scotland and Ireland
suggested an ‘inverse NIMBY” syndrome, where those with windfarms in their
‘backyard’ strongly support the technology (Warren et al., 2005). But a study on
non-use value impacts suggests that a large (160MW) onshore wind farm with a
considerable landscape impact, results in a welfare loss of £19.40 per household per

year (Bergmann et al., 2006). The details and application of this value are discussed

later in this study.

26.3 The project

The case study is a proposed wind farm is located in the Upper Clyde Valley in
South Lanarkshire, Scotland. The scheme, led by developers Airtricity, proposes the
installation of 173 wind turbines each with a generating capacity of 3.6MW, a hub
height of 80m and a blade diameter of 90m (total height 125m). It is proposed that
one of the turbines will have a viewing platform. Taking 3 years to construct, the

project is designed with an operational life of 25 years.
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Figure 9: Location of the proposed Clyde windfarm (© Ordnance Survey)

With a total installed capacity of just over 620MW, the developers suggest that the
site will generate enough electricity to power up to 440,000 households, and will
contribute 0.5 per cent towards the Government’s target of 10 per cent of the UK’s

energy coming from renewable sources by 2010.

The site is divided by the M74 motorway running between Abington, Elvanfoot and
Crawford. It occupies approximately 4750 hectares (ha) of farmland, consisting
mainly of permanent grassland currently used for sheep grazing, and areas of

commercial forestry and heathland.
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27.0  Social cost-benefit analysis (CBA)

While it is possible to adopt a private perspective on this project, the presence of
wider external costs and the level of public disquiet suggest a more stringent test of
economic viability. Social cost-benefit analysis offers a consistent analytical
framework for decision-making and is typically designed to help decision-makers
allocate scarce resources by determining which option among a competing set should
be selected in order to maximize social welfare. This welfare objective encompasses
measurable monetary benefits as well as more intangible non-market benefits or
public good externalities. Social CBA is typically the perspective adopted by

government, and standard guidance is provided by the UK Treasury ''.

The CBA requires the identification of a baseline or status quo scenario, against
which the costs and benefits of alternative project interventions are evaluated. The
central counterfactual for our analysis below is a gas fired plant of equivalent
generating capacity, although the counterfactual of a coal fired plant is also

considered.

For the Clyde Valley proposal, the relevant cost and benefit categories to be

considered are identified in Table 27

' http://www.hm-treasury.gov.uk/economic_data_and_tools/greenbook/data _greenbook_index.cfm
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Costs and benefits of wind energy

Costs Benefits
Market Market
Capital investment Output revenues
Operation & Maintenance Avoided fuel costs (gas)
Extra balancing costs to the grid Avoided GDP losses

Rental cost of land

Non-market Non-market
Carbon dioxide emissions through Avoided emission costs associated with
manufacture and construction displaced generation

Carbon dioxide emissions through
deforestation

Visual and noise disamenity for residents
and visitors (use value)

Non-use disamenity value

Table 27: The categories of costs and benefits to be used in the assessment of the
Clyde Windfarm

The installed capacity of the Clyde wind farm is taken to be 622.8MW (based on 173
turbines each rated at 3.6MW) as outlined in the Environmental Statement (Land Use
Consultants, 2004). Airtricity expects that the Clyde wind farm will have a capacity
factor of 38%, that is, the site will operate at the equivalent of full power 38% of the
time. The counterfactual gas fired power station, assuming an availability factor of
67% (DTI, 2005), has a capacity of 353MW. The counterfactual coal fired power
station, assuming an availability factor of 57.9% (DTI, 2005), has a capacity of
409MW.
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Relevant costs and benefits are considered over a time horizon of 25 years. The

Treasury social discount rate is currently 3.5%. However, the analysis makes a

case for alternative discounting assumptions.

27.1 Market costs

27.1.1 Capital investment

The capital cost of the Clyde windfarm is £405 million over a three year period. This
is based on a cost of £0.65 million per installed MW for onshore wind (Dale et al.,
2004). The value used in the CBA is the difference between this and the cost of
constructing an equivalent 353 MW gas fired power station of £159 million. taking
the cost per installed MW for gas to be £0.45 million (Dale et al., 2004) The
difference in cost between the two is £246 million, which will be the construction

cost figure, where gas is the counterfactual, in the analysis to follow.

The 409 MW coal fired power station has a construction cost of £335 million, based
on a cost of £0.82 million per MW (Royal Academy of Engineering, 2004).
Subtracting from the capital cost of the Clyde windfarm gives a construction cost of
£70 million, which will be the figure used, where coal is the counterfactual, in the

analysis to follow.

Construction takes three years, and a third of the total cost of construction is
attributed to each year. One third of the wind farm will be operational for the second

year, and two thirds for the third year.

27.1.2 Operation & Maintenance (O&M)

Annual O&M costs are £9.3 million. This is based on an O&M cost for onshore wind
of £15/ (kW y) (Dale et al., 2004). The value used in the CBA is the difference
between this and the annual O&M cost of the equivalent 353 MW gas fired power
station, taken to be £7 million, based on a figure of £20/ (kW y) (Dale et al., 2004)
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12 Subtracting the gas fired equivalent O&M costs from the Clyde windfarm O&M
costs gives a net annual O&M figure of £2.3 million, to be used where gas is the

counterfactual, in the analysis to follow.

For the equivalent 409 MW coal fired power station, the annual O&M cost is £9.8
million, based on a cost of £24/ (kW y) (Royal Academy of Engineering, 2004).
Subtracting the coal fired equivalent O&M cost from the Clyde windfarm O&M cost
gives a net annual O&M figure of -£0.4 million, to be used where coal is the

counterfactual in the analysis to follow.

For the second year of construction, one third of the windfarm is taken to be
operational, with two-thirds operational for the third year. The net O&M costs for
these years are calculated as above, but adjusted to reflect the installed and
operational capacity in the second and third years of construction. Therefore the
O&M costs, for gas as the counterfactual, are taken to be £0.75 million (a third of the
net annual O&M cost of £2.3 million) in the second year of construction, and £1.5
million (two thirds of £2.3 million) in the third year of construction. O&M costs

where coal is the counterfactual are calculated in the same way for these years.

The analysis is simplified by the assumption that the counterfactual generating plant
is brought online in stages comparable to that of the windfarm. This is due to the
assumption that equivalent revenue from generation (excluding ROCs) is received by
the windfarm and the counterfactuals (see 27.2.1) throughout each year of their
operational life. In reality, a CCGT plant may be fully operational after two years
construction, meaning that at the end of the windfarm’s three year construction
period, an equal amount of electricity will, in fact, have been generated from both the

windfarm and the counterfactual. This would mean that revenue will have been

> The O&M figures from Dale et al. (2004) have been used in preference to those cited in the UK
Energy Review (DTI, 2006) (p194, Table B1) which give £44.4/ (kW y) for wind. The Dale et al.

(2004) figures are consistent with others, such as Milborrow (2005).
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earned from the windfarm one year earlier, but O&M costs will also have been paid
earlier. A comparison has demonstrated that altering this simplifying assumption
would only make a difference of between 0.03% and 0.12% to the NPV (prior to the

application of the non-use value), and therefore the assumption remains.

27.1.3 Extra balancing costs to the grid

As the amount of wind generation on the electricity network increases, and the
uncertainties in wind output start to become evident above the normal level of

uncertainty in balancing supply and demand, some extra balancing costs will be
incurred (Dale et al., 2004).

The estimates to be used in this study are those resulting from the SCAR study (Ilex
Energy Consulting and Strbac, G., 2002). These show that the extra balancing costs
for wind are 0.1p/kWh at 5.3% penetration, 0.14p/kWh at 7.6%, 0.16p/kWh at 10%,
and 0.17p/kWh at 14.2%. A comparison with other estimates featured in The Carbon
Trust/DTI’s Intermittency Literature Survey & Roadmap (Mott MacDonald, 2003)

shows that these values represent the median estimate of balancing costs.

Taking the baseline scenario assumptions as applied in the DTI’s Renewables Market
Modelling (Oxera, 2004), we obtained the predicted level of wind penetration for
each year of the Clyde wind farm’s operation. We then applied a figure for the
balancing cost for each year based on this forecast. These costs increase from £1.6m

for the first full year of operation, to £3.5m for the 25" year.

27.1.4 Rental cost of land

The annual cost to Airtricity of the rent paid to landowners at the Clyde site is £1.7

million.
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27.2 Market benefits

27.2.1 Output revenues

From information given by Airtricity, it has been assumed that the output revenues
are 5.5p/kWh, excluding the income from Renewables Obligation Certificates
(ROCs). However, as the counterfactual investment scenario would also receive
similar output revenue, this benefit stream arising from the windfarm will not be
included in the analysis. If the project were to be assessed against a ‘do nothing’

baseline, this would be included as a benefit.

The income from ROCs should not be counted in an economic analysis. ROCs arise
from a support mechanism, the Renewables Obligation, designed in part to address
the externality of greenhouse gas emissions from conventional fossil fuel generation,

but this does not mean that their price accurately reflects the cost of this externality.

The cost of abating a tonne of carbon through the Renewables Obligation is
calculated to be in the range of £212 to £447 (Ofgem, 2004). This is significantly
higher than the Treasury’s social cost of carbon, which will be used in the analysis
below. The figure used by the Treasury is £70 per tonne of carbon (in 2000 prices) as
an ‘illustrative point estimate’ of relevant damages, with an upper value of £140 and

a lower value of £35 (H.M.Treasury, 2002).

27.2.2 Fuel costs avoided

This is taken to be the cost of gas used for generating electricity in the counterfactual
investment scenario, including the gas transportation costs for delivery to the power
station. Taking a figure of 35p/therm as the forecast price to be paid by the electricity
generators for gas (ILEX, 2006), this translates to a fuel cost (assuming 50% thermal
efficiency) of 2.06p/kWh.

Recent wholesale gas prices have, however, been around 80 pence per therm,

equating to a cost of 4.7p/kWh. For sensitivity, analysis will be undertaken using the
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gas price range applied in the UK Government’s Energy Review, namely from

21p/therm to 53p/therm (DTTI, 2006).

The calculation of avoided fuel costs takes account of anticipated seasonal variations
in the load factor of the Clyde wind farm, based on average data from existing wind
farms in Ireland with an equivalent load factor (38%), supplied by Airtricity. Greater
load factors are achieved during the windier winter months, coinciding with periods
when gas prices are typically higher than average. Monthly gas price projections
(Tlex, 2005) shows a circa 5 pence range in price over the year when the mean price
is 35p/therm. Converting this to an approximate percentage change from the mean
per month enabled the calculation of monthly prices. Multiplying these monthly
prices by the monthly load factor increases the annual avoided cost of gas by 2.6%
compared with using one price and the average annual load factor. The resulting

avoided fuel costs for each year of full operation of the windfarm are £43.8 million.

Fuel is a high risk cost stream, not simply because of the fluctuation in fuel prices
over time, but because the cost of fuel co-varies negatively with returns on other
assets; i.e. when fuel prices increase, returns to other assets decline (Awerbuch,
1995). This risk differential motivates arguments for an alternative discounting
approach to these streams. In this case a rate is therefore applied to the avoided fuel
cost stream using the Capital Asset Pricing Mode! (CAPM) approach (Awerbuch
2003a). This takes into account the extent to which the fuel cost stream co-varies
systematically with the returns that would be obtained on a broadly diversified

portfolio of assets.

The mathematical measure of systematic risk, B (beta), is the expected percentage
variation in the cost stream when returns to a broadly diversified portfolio change by
1%. A beta of -0.02 for gas is used by Awerbuch (2006) to estimate a market (pre-
tax) discount rate of 4.3% for gas. By netting out personal and corporate taxes,
Awerbuch derives a Social Rate of Time Preference (SRTP) value of 1.7% nominal.
Assuming a 3% rate of inflation, this gives a real discount rate of —1.1% to be

applied to this cost stream.
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For the coal fired counterfactual, the cost of coal is taken to be £30/tonne, which
gives a fuel cost of 1.16p/kWh (Royal Academy of Engineering, 2004). Using the

CAPM approach, a real discount rate of -1.3% is applied to this cost stream.

27.2.3 Avoided GDP losses

There is empirical evidence from a growing body of academic literature that oil price
increases and volatility dampen macroeconomic growth by raising inflation and
unemployment and by depressing the value of financial and other assets. These
losses are in the order of 0.5% of GDP for a 10% oil price increase (Awerbuch,
2005a). By displacing gas and oil, increased use of renewable energy can help
nations avoid these macroeconomic losses. This avoided GDP loss is attributable to

renewable energy investments.

[t is estimated that this benefit is worth $200/kW (£114/kW) for wind energy
installations, based on a capacity factor of 23% (Awerbuch, 2005a). For the purposes
of this report, this figure has been increased to represent the 38% capacity factor of
the Clyde project, giving £188/kW, and multiplied by the installed capacity (622.8
MW) to give a figure of £117.2 million. This is a one-off benefit, attributed to 2009,

the first full year of the wind farm’s operation.

27.3 Non-market benefits

27.3.1 Carbon emissions avoided

Electricity generated by wind power avoids emissions of carbon dioxide through the
displacement of conventional fossil-fuelled generation. To quantify this benefit, it is
necessary to estimate avoided emissions. This depends on the amount of electricity
produced and electricity generating technology displaced. A monetary value can then

be placed on these avoided costs using a shadow value of carbon.
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27.3.1.1 Amount of electricity produced by the Clyde windfarm

Airtricity expect that the Clyde wind farm will have a capacity factor of 38%, that is,

the site will operate at the equivalent of full power 38% of the time. The amount of

electricity produced by the wind farm can be estimated by:
Installed capacity (MW) x Capacity factor (%) x Number of hours in a year

Therefore electricity produced = 622.8MW x 0.38 x 8760 = 2073 GWh

27.3.1.2 Generating sources displaced

In Scotland the immediate effect of a windfarm may be to displace the generation of
electricity from hydropower. Scotland has approximately 1.3GW of hydro-electric
plant and 700MW of pumped storage (Scottish Executive, 2006b), and in an average
year, hydro generates 12% of Scotland’s electricity needs (Scottish Renewables,
2006). However, the displaced hydro may then displace coal or gas generation at a
later date. It is therefore assumed that wind displaces fossil fuel, either immediately
or via hydro. The three options to be considered for the generation sources displaced

by the Clyde windfarm in this analysis are now discussed.

e Option 1 — Wind displaces coal fired generation

It is argued by the British Wind Energy Association (BWEA), that in both the short
and long term, wind saves on emissions from modern coal-fired plant (BWEA,
2005). This is demonstrated in data published by The National Grid Company which
describes the make-up of plant on the system at various times (National Grid
Transco, 2004). The nuclear and Combined Cycle Gas Turbine (CCGT) plant
operates continuously throughout the day and the output of the coal plant is varied to
meet demand. It is noted that the output from coal plant will not change in response
to every fluctuation in wind output. It will be adjusted in response to the aggregated

change in demand, of which wind contributes only a small proportion.
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In the longer term, as the older coal plants become uneconomic, or surplus to

requirements due to the construction of new gas or renewables, they are shut down.

Average emissions from coal-fired plant are taken to be 0.86kg CO»/ kWh, thus this
is the CO; saving associated with the generation of electricity from wind if it

displaces coal.

e Option 2 — Wind displaces the typical grid mix

The carbon intensity of the grid. based on the average grid mix is 0.43kg CO»/kWh
(Carbon Trust, 2006). This emissions figure is taken from Defra’s ‘Environmental
Reporting Guidelines for Company Reporting on Greenhouse Gas Emissions’, and is
used for the purposes of environmental reporting, the UK Emissions Trading

Scheme, and the Climate Change Levy agreements.

This figure for electricity was calculated in 1999 based on the projected fuel mix for
the grid 1998-2000. Actual figures may differ from the projections, but it is intended
to be used by Defra as a constant value for environmental reporting until the year
2010 (Defra, 2006).

It is argued that this figure does not reflect reality, suggesting as it does that wind
will displace coal, gas and nuclear in equal measure. Nuclear, for example, being
baseload plant, and is completely unaffected in its daily operations by the addition of

new generating plant (BWEA, 2005).

e Option 3 — Wind displaces Gas

In its Regulatory Impact Assessment for the Renewables Obligation, the DTI
assumed that the main impact of extra renewables is to reduce investment in new gas
combined cycle stations and that each TWh would produce 2.5mtC. This is
equivalent to a figure of 0.38kg/CO,/kWh (DTI,2002).
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This contradicts an earlier DTI study, which states that renewables displacing
combined cycle gas turbines ‘is unlikely in practice at present, because this high
efficiency (where efficiency refers to the amount of electricity generated per unit of

CO; emitted), fossil fuel technology is being increasingly deployed in the UK’ (DTI,
1999).

The assumption that wind displaces gas is supported by the Royal Academy of
Engineering. (2004) with open-cycle gas turbines (OCGT) identified as the most
appropriate technology if talking about new build rather than just using existing

plant. It is also the assumption made by Dale et al (2004).

The carbon dioxide emissions avoided under the three options are as follows:

Option 1 — Displacing Coal 1.8 million tonnes CO,
Option 2 — Displacing Typical Grid Mix 0.9 million tonnes CO;
Option 3 — Displacing Gas 0.8 million tonnes CO,

Of these, wind displacing gas will be the central assumption of the study, with wind
displacing coal used for sensitivity analysis. Wind displacing the typical grid mix is

not considered further.

27.3.2 Placing a value on the avoided emissions

The technique used in this study to estimate the value of the avoided emissions is that

used by the UK Treasury to assess the societal cost of emissions of carbon dioxide.

H.M. Treasury (2002) reviewed all available studies on the cost of the physical
impacts of climate change. The most sophisticated of the published studies reviewed
produced a marginal damage estimate of £70/tC (2000 prices) for carbon emissions
in 2000. This increases by approximately £1 per tonne in each subsequent year to

account for increasing damage costs over time.
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This figure is subject to significant uncertainty and excludes consideration of the
probability of ‘climate catastrophes” and socially contingent impacts of climate

change that could, potentially increase the size of damages considerably. '

As such, the Treasury settle on a figure of £70 per tonne of carbon (in 2000 prices) as
an ‘illustrative point estimate’ of relevant damages, using an upper value of £140 and
a lower value of £35. This increases by approximately £1 per tonne in each
subsequent year to account for increasing damage costs over time (H.M.Treasury,

2002).

These three values will be used to represent Low, Medium and High values of
carbon. One tonne of carbon is equal to 3.67 tonnes of CO», giving the following

figures.

Low £35/tonne carbon or £9.50 /tonne CO,
Medium £70/tonne carbon or £19.10/tonne CO;
High £140/tonne carbon or £38.15/tonne CO,

A GDP deflator (H.M. Treasury, 2006) has been used to convert the values into 2006
prices. Thus the 2006 value of a tonne of carbon is £87, which equates to a value of

£24/€35 per tonne of carbon dioxide.

'* Government guidance has since been updated, with the approach based on the social cost of carbon
now superseded by use of the shadow price of carbon (DECC, 2009). As electricity generated for the
grid falls within the EU Emissions Trading Scheme, the lower ‘traded’ price of carbon would be used
in this evaluation to value the avoided emissions from either coal or gas fired plant. This would have
the effect of lowering the monetised benefits associated with carbon savings attributable to the
windfarm. However, for consistency with the published paper, the original values relating to the social

cost of carbon are used in this chapter.
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The annual value of avoided emissions, using the central value of carbon increases

from £19.5million in the first year of full operation, to £25.4 million in the 25" year

of operation.

27.4 Non-market costs

27.4.1 Carbon dioxide released during manufacture and construction

This figure is based upon a Life Cycle Analysis study showing that onshore
windfarms pay back the carbon dioxide released during their manufacture and

construction within 0.29 years of operation (Schleisner, 1999).

The value used is 0.29 of a year’s worth of avoided carbon dioxide, based on the
same conversion factor used for the main avoided emissions calculation. This is then
multiplied by the same value of carbon that has been used to value the avoided
emissions using the social cost of carbon methodology. It is then divided equally
over the three years of construction. Using the central value of carbon, this cost is

£1.8million for each year of construction.

It is important to note that no similar calculation has been undertaken for the
counterfactual investment option of a gas-fired power station. This follows the
ExternE (European Commission, 1999) methodology whereby the fossil fuel cycle
only takes into account emissions from operation, as these dwarf the emissions from
construction. For a wind farm, conversely, the only significant emissions are from

manufacture and construction.

27.4.2 Carbon dioxide released through deforestation

1070ha of commercial plantation will be removed as part of the site preparation for
the windfarm. In the absence of the proposed windfarm, this same area would be

deforested, but the felling would take place over the period to 2098 rather than to
2008.

167



However, there would be no resulting net increase in CO; emissions. The use of
these trees meets demand that would otherwise be met by the felling of alternative
trees. Or if the trees were used for co-firing, they might well displace coal, thus

reducing net CO, emissions.

27.4.3 Visual and noise disamenity for residents and visitors

The principal external costs of windfarms are visual impact and noise. Both forms of
impact can be assessed using market and non-market benefits assessment
information. However the application of these methods to specific wind installations

is minimal and this complicates our analysis.

In this section we establish a method to value the impacts to residents and visitors
based on transferring and calibrating existing landscape willingness to pay
(WTP)/value information. Our analysis will focus on visual impact that reduces these
landscape values. The Environmental Statement has determined that in contrast to
the visual impact, the noise impact of the operational windfarm is not likely to be

significant.

Damages to residents can be measured in two ways. A revealed preference approach
can be used to consider the impact of wind turbines on house price values for
properties in the vicinity. This “hedonic™ pricing approach has been used to consider
the impacts of pylons and cables in the UK (Atkinson et al., 2005). The main
difference with pylons and cables is the presence of a potential health impact, which
can be valued highly because of a so—called “dread” factor. This confounding effect
means that using revealed data from pylon studies may p;‘oduce unreliable results

when transferred to wind installations.

For the purposes of this analysis and in the absence of site-specific evidence, we
need to make assumptions about how any benefit information can be derived by

benefits transfer.
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27.4.3.1 Landscape amenity valuation

The method proposed to value visual impact on landscape from wind turbines

considers damaged use values among residents and visitors.

The use damage estimate considers the nature of intrusion (pre and post
construction), exposure to intrusion (number of residents and visitors per year), and

unit landscape values (WTP values for the actual intrusion category or alternatively

WTP for landscape types).

A range of landscape values can be found in studies by Garrod and Willis (1997);
Garrod and Willis (1995); Hanley ef al (1998); Price (1 993) and Hamilton and
Schwann (1995).

Typically the available studies relate to valuation of amenity of areas under agri-
environmental schemes. Such areas will have higher amenity value than the Clyde
location and we recognise that statutory duties preclude resource development in
these areas. In the case of the Clyde site, recreational shooting under the control of
landowners takes place, but use of the site for informal recreation such as
walking/cycling is considered to be limited (Land Use Consultants, 2004). The
Southern Upland Way does, however, pass near the southern boundary of the site,
with an estimated 5212 visitors to the two sections of the route closest to the site
(Land Use Consultants, 2004). In any case, choosing these WTP values will likely

overstate the damage estimate here.
Cost calculations are detailed in the following steps:
Step 1: Establish and measure landscape impact

These stages describe how we determine the monetary equivalent of a landscape
impact caused by turbines. The method applies a benefits transfer approach. In other
words we do not undertake any primary valuation studies to elicit willingness to pay,

but attempt to adjust existing amenity value information.

We suggest site degradation is defined by an ordinal impact scale (see Table 28),

which can be associated with WTP reduction factors. In other words, the willingness

169



to pay or value of a pristine landscape is reduced successively by higher levels of
intrusion. The estimates in the table are arbitrary but given time these intrusion
classes and factors could be elicited as part of an on-site survey conducted among a

sample of visitors and residents.
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Landscape Intrusion Scale

WTP reduction factor

Unsightly 80% implies factor WTP*0.2
Undistinguished 50% implies factor WTP*0.5
Slight intrusion 40% implies factor WTP*0.6

Distinguished/attractive 30% implies factor WTP*0.7
Superb/excellent 10% implies factor WTP*0.9
Spectacular/exceptional 0 implies factor WTP*1

Table 28: Landscape intrusion scale adapted from Price (1993)

Step 2: Establish willingness to pay

Mean landscape WTP is a value transferred from a valuation study covering resident

and visitor valuation of a similar landscape type. Table 29 provides a range of

transfer values from various landscape studies. The landscape types referenced by

these values correspond to different landscape types across the UK. The study by

Bullock and Kay (1996) provides a value that can be transferred to provide an

approximate value in the Clyde case.

Step 3: Specify exposure

Exposure to visual impact pre and post construction is defined as the number of

residents and visitors likely to experience the landscape impact. While there may

often be reduced visibility due to rain or mist, we do not reduce the values to take

account of this. We suggest that apart from detriment to outstanding beauty spots,

visitation rates can be assumed constant for years following construction.
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Study Country WTP WTP General Base
residents visitors public (£) year
(£) (£)
Hanley et al. (1997) - Breadalbane UK 31.43 73.00 22.02 1995
ESA
Hanley et al. (1997) — Machair ESA UK 13.66 13.37 1995
Garrod & Willis (1993) — South UK 27.52 19.47 1.98 1992
Downs ESA
Garrod & Willis (1993) — Somerset UK 17.53 11.84 2.45 1992
Levels ESA
Gourlay et al. (1996) — Loch UK 20.60 1.98 per
Lomond ESA visit
Gourlay et al. (1996) — Stewarty UK 13.00 2.53 per
ESA visit
Bullock & Kay (1996) — Southern UK 69.00 83.00 1995
Uplands ESA
Garrod et al. (1995) - WTP to UK 36.35 1994

maintain ESA scheme in England

Table 29: Environmentally Sensitive Area landscape values (WTP, £/hhid/yr)

We have used a Geographical Information System (GIS) to accurately establish the

number of residents (and number of households) within the Zone of Visual Influence

(ZV]) as outlined in the Environmental Statement. The outer limit of the ZVI is

35km from the perimeter of the site. Within this area there are just over 220,000
residents (just under 98,000 households).

The Environmental Statement contains GIS output illustrating the areas within the

ZVI from which certain numbers of turbine tips can be seen. The numbers are

grouped into ranges, such as 1-30, 31-60 etc. However, there is no attendant

information as to how many people are resident in these areas. We obtained the

source data for this illustration, and using a GIS, overlaid it with unit postcode data

which contains population and household numbers for each individual postcode. This

information was then grouped by distance from the perimeter of the site, in

concentric bands of Skm width. The results are shown in Table 30 and Table 31.
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Table 30 shows the number of households, while Table 31 shows the number of

residents.

It is clear from both tables that despite the fact that the windfarm contains 173

turbines, it will not be possible for all turbines to be viewed simultaneously from any

residence within 35kms of the perimeter. There are nine households from which 116-

145 turbine tips will be visible, and a further nine from which 90-115 tips will be

visible, and these are located between 20 and 25 kilometres from the site boundary.

Exposure for residents will vary both with the number of turbine tips visible, and the

distance from the perimeter of the site. We will apply a ‘distance decay’ function and

also calibrate the impact depending on the number of turbine tips visible.

Distance from site

boundary (km)

Oto5
5t0 10
10to 15
1510 20
20to 25
25 to 30
30to 35

Table 30: The number of households in areas from which different numbers of turbine
tips are visible, grouped by distance from the site perimeter

1-30

265
446
1653
3192
2790
5341
13167

Number of turbine tips visible

31-60 61-90 91-115 116-145  146-173
122 98 0 0 0
62 0 0 0 0
43 0 0 0 0
188 29 0 0 0
323 9 9 9 0
1066 11 0 0 0
487 1652 0 0 0
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Number of turbine tips visible

1-30 31-60 61-90 91-115 116-145  146-173
Distance from site
boundary (km)

Oto5 638 307 246 0 0 0
5t0 10 1011 134 0 0 0 0
10to 15 3610 99 0 0 0 0
1510 20 7193 433 61 0 0 0
20 to 25 6904 784 22 22 22 0
25 to 30 12751 2549 22 0 0 0
30 to 35 29804 1263 3469 0 0 0

Table 31: The number of residents in areas from which different numbers of turbine

tips are visible, grouped by distance from the site perimeter

For visitors we will use the figure supplied in the Environmental Statement for the
numbers using relevant sections of the Southern Upland Way. It is estimated that
annually there are 5212 visitors to the two sections of the Southern Upland Way
closest to the site (Land Use Consultants, 2004).

Step 4: Establish change in landscape value

Damage = Site degradation (%) x Exposure to visual damage x Mean landscape
WTP

This should be calculated for each class of residents and visitors who suffer

exposure, and summed to give the total damage.

174



27.4.3.2 Application

Assume the Clyde wind farm is constructed in a landscape similar to the
Environmentally Sensitive Areas considered by Bullock and Kay (1997). The latter
study provides a residents’ willingness to pay value for landscape preservation that
we assume to be the value placed on a landscape without wind farms. This is
damaged by turbines, and we need to determine the extent of this damage. The same
study does not provide a value for visitors, and so we transfer the benefit estimate
shown for the South Downs ESA (Garrod and Willis 1993). Consider the value
change applies to the 71,344 residents who can see at least 1 turbine tip from within
the 35km ZVI and the estimated 5212 visitors per annum to the two sections of the

Southern Upland Way closest to the site (Land Use Consultants, 2004).

e Visitors

Assume around 2500 suffer "unsightly" intrusion, and 2712 are in the
"undistinguished" impact category. From Table 28 implied impact scores are 80 per
cent and 50 per cent of WTP values respectively. From Table 29 non-resident WTP
£19.47/year.

Visitor WTP reduction "unsightly" from Table 28 = (0.2 x £19.47)=£3.80

Welfare reduction per visitor per year = £19.47 - £3.80 =£15.67

Visitor WTP reduction "undistinguished" = (0.5 x £19.47) = £9.70

Welfare reduction per visitor per year = £19.47 - £9.70 = £9.77

Visitor weighted loss = (2500 x £15.67) + (2712 x £9.77) = £65671.2 per year
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Note that this assumes constant visitor numbers, but these may also change in the
post construction era. They may well increase, as visitors may be attracted to the
viewing platform. It is likely that such visitors, through self-selection, might have a
positive view of the wind farm. Moreover, as discussed below, we may also wish to
assume a factor for a changing social perception of wind energy in the environment.
This may vary between residents and visitors. However, for the time being, we

incorporate this estimate into our spreadsheet.

e Residents

The number of residents in areas from which different numbers of turbine tips are
potentially visible was indicated in Table 31. These residents are grouped by distance

from the site perimeter in Skm intervals.

Following the landscape intrusion scale outlined in Table 28, those who can view 61-
90 turbine tips are deemed to suffer "unsightly" intrusion. This gives an implied
impact score of 80 per cent of WTP values, taken from Table 29 to be £69 per

resident per year. This and other impact scores are shown in Table 32.

No of turbine tips visible Impact Score Welfare loss per resident/year
1-30 70% £48.30
31-60 75% £51.75
61-90 80% £55.20
91-115 85% £68.65
116-145 90% £62.10
146-173 N/A N/A

Table 32: Impact scores and related annual welfare loss per resident based on
number of turbine tips visible, taking a residents WTP of £69 from Bullock and Kay
(1997)
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The reduced visual intrusion through increased distance from the site perimeter is
accounted for by adjusting the weighting for each five kilometre grouping. Those
residents within 0-5km of the site perimeter are attributed the full value based on the
visibility impact scores. The weightings for this and each subsequent distance band
are shown in Table 7. These weighting estimates are arbitrary but given time they

could be elicited as part of an on-site survey conducted among a sample of residents.

Distance from site perimeter (km) Weighting

0-5 100%
5-10 75%
10-15 50%
156-20 25%
20-25 15%
25-30 10%
30 -35 5%

Table 33: Weightings given to residents’ WTP value based on distance from perimeter
of site

As an example, the visual disamenity for the 134 residents who can see 31-60 turbine

tips and live 5-10kms from the site is calculated as follows:

The 134 residents have a visual impact score of 75%, which means an individual
annual welfare loss of £51.75 (£69*0.75). Cumulatively this is £6934.50. This is then
weighted by distance, so 75% of this value is taken, giving a weighted cumulative

annual welfare loss of £5200.87.

This process is repeated for all the residents in each visibility and distance grouping,
giving a total welfare loss of £501,533.41 per year. Combining this with the welfare

loss to visitors gives an overall welfare loss due to visual disamenity of £567,000 per

year.
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27.4.3.3 Changing perceptions of wind energy in the environment

Two elements need to be mentioned at this point. The first is that anecdotal evidence
appears to suggest that residents become accustomed to windfarms, which engender
a sense of civic pride in installations that are effectively agents of environmental
good. No studies have assessed this element in terms of a monetary valuation, but in
traditional economic terms, it would suggest that the value of any disamenity impact
should fall through time rather than being an invariant cost in the CBA. Local part-
ownership of a windfarm may also improve perception among residents (Toke,
2005), along with local employment or donations for community facilities through

planning gain from the development.

The second factor is that visual intrusion is essentially reversible. It is unclear
whether the transferred WTP values we might use here are for changes that were

portrayed as irreversible. This has to make a difference.

27.4.4 Non-use disamenity

The visual impact of a windfarm is essentially site specific and varies according to
the existing landscape, and the level to which residents and visitors are “exposed” to
the impact. A complicating factor is added by the non-use disamenity of landscape
change. In other words, beyond local impacts, wider populations of the UK may have
preferences over the impacts of installations, irrespective of whether they actually
experience them directly. They are simply damaged in a passive way by the

knowledge of installations influencing landscape form.

Interest in the concept and measurement of non-use value is not new and there has
been considerable theoretical and methodological debate in the area of environmental
economics concerned with nature and heritage conservation. This literature has
developed the basis for using stated preference methods (contingent valuation and
choice experiments) to determine the economic or monetary value of non-use
impacts. This is a development that is now recognised as a legitimate process in

public appraisal (e.g. the Treasury Green Book).
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The existence of non-use or passive value is intuitive for celebrated and iconic
landscapes, but not necessarily so for all landscapes. It is however, difficult to argue
that these values do not exist and the existence of empirical estimates does give

substance to a popular debate that is largely uninformed by data.

Unfortunately the stated preference literature does not provide general rules to help
us determine the size of non-use value nor how values might change in relation to
different landscapes or the proximity of the individual preference holder to the
environmental attribute in question. To deal with this, our analysis can either attempt
to transfer existing estimates from previous studies or determine these impacts on a
case-by-case basis. Accounting for this impact is more complex than the use
(residents and visitor) impacts, which can at least be calibrated by a fixed number of
“damaged” individuals, i.e. a range can be placed by measuring residents in

proximity to installations and visitor numbers to the vicinity.

There are several existing valuation studies addressing the impact of wind energy
(Alvarez-Farizo and Hanley 2002; Ek 2002; Navrud 2004) These studies suggest that
non-market impacts can be as high as £17 per household per year. A study that
explicitly considers the nature of visual landscape impact in Scotland has been
conducted by Bergmann et al. (2006). But even this study does not actually show
specific installations in a landscape context. Instead, the study uses stated preferences
to consider the impacts of infrastructure (visual, wildlife and air pollution) in a
somewhat abstract way and the values that emerge from the choice experiment are
not site or project specific. In essence, the authors target the non-use category of
respondents mentioned above, and effectively the values they derive can be argued to
apply to the whole population. These values are then assigned to what they consider
to be typical infrastructure intrusions, which in their onshore wind case amount to a
160 MW wind farm. There are many possible criticisms of this study. The main
criticism is that respondents to the survey never actually get to see a case of wind
farm intrusion on which to base their responses. Moreover the distinctions between
low, moderate and high landscape impacts are unclear and some of the econometric
models suggest that impacts are actually statistically insignificant, thus rendering the

results of limited value.
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The upper limit of damages suggested in the Bergmann study is that the average
Scottish household suffers an annual welfare loss of £19.40 from the major landscape
impact. The study suggests that this impact is associated with a ‘large’ windfarm
(160 MW - 80 turbines). The 622MW Clyde project, has more than double the
number of turbines (173) and almost four times the installed capacity of this
hypothetical example. If this is truly an annual welfare loss in the presence of the
Clyde proposal, then the aggregate value (if multiplied by the 2.1 million Scottish
households) is £40.74 million per year. At this point, and in the absence of primary
research, we suggest that this is the upper limit of the non-use damage attributable to

the Clyde installation, even though the true estimate is likely to be lower.

There are several reasons for this. The first is that the Bergmann estimate is not site
specific and in fact may lead respondents (in their stated preference study) to infer
damages associated with all wind installations, including assumptions about iconic

landscapes, rather than at specific locations of lesser scenic value.

The second is the population over which this value might be applied. For the sake of
argument in determining our “worst case”, it could potentially be that all Scottish
households are damaged and that the value of £19.40 should be ascribed to each
household. But for landscapes of lesser scenic value, it could reasonably be expected
that the value held will diminish with distance from the site. This suggests that fewer

households will be damaged, thereby leading to a lower aggregate value of damages.

Indeed the distance decay effect has been found in a number of studies on non-use
values (Sutherland and Walsh, 1985; Pate and Loomis, 1997; Bateman and Langford,
1997). Non-use value can be comprised of option values, bequest values and
existence values. The first two relate to potential future direct use by the individual
or their offspring respectively, and are therefore still likely to show some (inverse)
relationship with measures of physical distance between the public and the resource
(van der Horst, 2007). Existence value is derived from knowledge or awareness of
the existence of a specific place. If the existence value of a location is seen as
dependent on people’s knowledge of this location (e.g. Price, 2000), then it is logical
to expect that existence values can also be subject to some form of distance decay

(step-wise if not gradual), as, for example, a large proportion of the media is
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dedicated to more local coverage (van der Horst, 2007).Further reasons for adjusting
the extent of the Bergmann estimate can be justified with reference to the nature of
the respondent sample used in the study (i.e. the balance between rural and urban
respondents). Furthermore, the possibility that opposition to wind installations
might diminish through time with increasing acceptability of the technology would
mitigate against using the Bergmann estimate as an invariant annual value.
However, we do not attempt to adjust the value, nor do we introduce alternative
estimates for non-use value at this point. The non-use disamenity value of £40.74
million will therefore be attributed to each year of the project’s construction and

operation.
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28.0  Results and sensitivity analysis

All cost and benefit streams are discounted at the UK Treasury’s social discount rate

of 3.5%, except for the avoided fuel cost stream. In most scenarios this is discounted

at a rate of -1.1% for gas, and -1.3% for coal, a figure obtained by using the Capital

Asset Pricing Model (CAPM) approach (Awerbuch, 2006). For comparison there are

two scenarios, one each for coal and gas, where the fuel cost stream is discounted at

the Treasury rate.

Summary Clyde Present Value Costs and Benefits over assumed 28-Year project Life (Emillions)

Costs

Construction
Operation & Maintenance
Extra balancing costs to network
Rent
CO2 released during rmanufacture and construction
Visual disamenity for residents & visitors
Non-use disamenity
TOTAL COSTS

Benefits
Avoided fuel costs
Avoided GDP losses
Avoided carbon emissions
TOTAL BENEFITS

MNet Project Benefit NPV = B-C

Applying non-use disamenity value to project NPV
Bergmann's (2006) £19.40 non-use disamenity value
applied to 2.1 million Scottish households

Net project benefit after application of Bergmann's non-

use value

Maxzimum annual household non-use disamenity
value that would still return a positive NPV (£)

Wind displaces gas

Wind displaces coal

CAPM  Treasury CAPM  CAPM

fuel discount fuel fuel
discount rate discount discount
Central Central High Low

value of value of wvalue of wvalue of

CAPM  Treasury CAPM  CAPM
discount fuel fuel
discount rate discount discount
Central Central High Low
value of wvalue of value of value of
carbon carbon carbon carbon
230 230 230 230
36 36 36 36
48 48 48 48
a0 3o 30 30
5 5 1 3
10 10 10 10
0 0 0 0
359 359 364 356
1357 691 1387 1357
102 102 102 102
345 345 689 172
1,804 1,138 2,148 1,631
1,445 780 1,784 1,275
720 720 720 720
726 B0 1,065 555
36.96 21.01 48.11 34.38

carbon carbon carbon carbon
65 65 65 65
=T -7 -7 =]
48 48 48 48
a0 30 30 30
12 12 24 B
10 10 10 10
0 0 0 0
157 157 169 151
769 379 769 769
102 102 102 102
780 780 1560 340
1,851 1,261 2431 1,261
1,494 1,904 2262 1110
720 720 720 720
774 384 1,542 390
4026 2975 BO97 2841

Table 34: Summary Clyde present value costs and benefits

From Table 34 it can be seen that for the eight main scenarios considered, the project

delivers a positive net present value ranging from £780 million to £2.3 billion before

accounting for the non-use disamenity impact. Applying the non-use disamenity

present value of £720 million (based on a non-use welfare loss of £19.40 for each of
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the 2.1 million Scottish households (Bergmann et al., 2006), the project still returns a

positive net present value for each scenario. This ranges from £60 million to £1.5

billion.

The final row indicates the maximum annual household non-use welfare loss, for
each of the 2.1 million Scottish households, that could be sustained while still
returning a positive net present value under each scenario. That is to say, the project
would still deliver a welfare gain to Scotland even if this non-use disamenity value

were held. This figure ranges from £21.01 up to £60.97.

It is of greatest interest to note the sensitivity of these results to the number of
households to which the non-use value of £19.40 is applied. If the figure were
applied to 2.28 million rather than 2.1 million households. the net present value for

the gas scenario where the fuel is discounted at the Treasury rate would be negative.

28.1 Sensitivity to gas prices

It can be seen from Table 34 that in all but one of the scenarios (wind displaces gas,
with a low value of carbon), the benefits arising from avoided GDP losses and
carbon savings are greater than the sum of the costs (excluding the non-use
disamenity value). That is to say, in an analysis that did not take account of the non-
use disamenity value, even if the avoided costs of gas were to drop to zero, the
benefits would outweigh the costs in most scenarios. Thus it is the application of the

non-use value that renders the avoided gas costs so significant for the project NPV.

The results in Table 34 refer to a gas price of 35p/therm. Table 35 shows the
sensitivity to gas prices, using a high price of 52p/therm, and a low price of

21p/therm, as used in the UK Government’s Energy Review (DTI, 2006).
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Sensitivity to gas prices

Gas price 21p/therm
Project NP before non-use disamenity

Applying non-use disamenity value to project NPV
Bergmann's (2006) £19.40 non-use disamenity value applied
to 2.1 million Scottish households

Net project benefit after application of Bergmann's non-use
value

Maximum household non-use disamenity value that would
still return a positive NPV (£)

Gas price 52p/therm
Project NPV before non-use disamenity

Applying non-use disamenity value to project NPV
Bergmann's (2008) £19.40 non-use disamenity value applied
to 2.1 million Scottish households

Met project benefit after application of Bergmann’s non-use
value

Maximum household non-use disamenity value that would
still return a positive NPY (£)

CAPM

discount
Central
value of
carbon

803

720
183

2433

2,105

720

1424

57.78

Treasury
discount

Central
value of
carbon

503

720
217

13.56

1,115

720

1,135

30.6

CAPM
fuel
discount

High value
of carbon

1,242

720
P

33.47

2,444

720

2483

B6.92

CAPM
fuel
discount

Low value
of carbon

733

720
13

19.75

1,935

720

1,264

53.2

Table 35: Sensitivity to gas prices

In all but one of the scenarios in Table 35, the project still returns a positive NPV

even with the inclusion of the £19.40 non-use figure applied to 2.1 million

households. In the one scenario where a negative NPV is returned, the maximum

annual household welfare loss, for each of the 2.1 million Scottish households, that

could be sustained while still returning a positive net present value would be £13.56.
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29.0 Discussion

The significance of the non-use value is clear from Table 8. It is roughly twice the
size of all the other cost categories put together for the gas counterfactual, and over

four times the total of all other costs for the coal counterfactual.

As mentioned above, the cumulative non-use value is based on the arbitrary choice
of applying the £19.40 to all Scottish households, of which there happen to be 2.1
million. Under the gas scenario where the fuel is discounted at the Treasury rate, the
net present value is negative when the non-use figure is applied to 2.28 million
households, a Scottish households figure that would arise if the Scottish/English
border happened to be drawn 30 miles further south.

This raises an important issue for the application of non-use value — the placing of
bounds. Is an administrative boundary really appropriate? Would a windfarm that is
closer to Carlisle than it is to Perth not have a greater non-use effect on those
immediately over the border in England? If a similar windfarm were built in England
should the non-use value be applied to all 21million households, or is there a distance
decay function that can more readily capture the non-use disamenity value of a

specific installation?

There is also the issue of how this non-use value might vary through time. With an
increasing number of windfarms being developed, would the non-use disamenity
value associated with each marginal installation increase or decline? If tackling
climate change becomes a far more significant priority as far as the public are
concerned, would there be a greater acceptance of wind installation, marked by a

declining non-use disamenity value?

However, of greater practical interest is the use of landscape valuation techniques to
place a monetary figure on the costs associated with the visual impact of specific
installations for residents and visitors, i.e. the changes in use values for those who
will directly experience the windfarm. Applying a consistent approach to
quantifying the visual impact in each instance, would arguably represent a significant

step forward in the process of assessment, enabling different schemes to be compared
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using a common metric. This metric also has the advantage of enabling direct
assessment alongside other market, and non-market, costs and benefits, including

avoided carbon emissions.

If such an approach were to be more widely applied to planning for windfarms, it
could provide a framework for identifying, from a societal perspective, the
cost:benefit ratio of each proposal. Such a ratio could then be the basis for approval,
theoretically enabling the targets for renewable energy developments to be achieved

in a cost-effective manner, i.e. at least social cost.

A number of research needs can be identified here, the first of which is the
requirement for primary studies eliciting WTP values for residents in areas close to
proposed windfarms, and for visitors to those areas. While the benefits transfer
approach used in this study can be considered to have delivered a reasonable
approximation for the purposes of this assessment, the technique, and the values

derived, should be verified through the gathering of primary data.

Such research might usefully seek to value the marginal changes associated with
factors such as increased turbine size/height, the addition or removal of turbines

from proposed windfarms, and how values might vary across different landscape

types.

A further need, and one that will become increasingly important over the next few
years, is to understand, in quantitative terms, the issue of cumulative visual impact.
Guidance from Scottish Natural Heritage (2005) gives an example of two windfarms
either side of a valley, suggesting that taken together, the combined impact may be
greater than the sum of the two individual impacts. While intuitively it could be
argued that the two together have an increased impact, it Eould be expected that there
might in fact be a ‘diminishing marginal disutility’ in terms of valuing the successive
changes to the landscape. While it has in fact been observed from previous studies
that people experience diminishing marginal effects of both gains and losses
(Kahneman and Tversky, 1979; Knetsch, 2007), there is as yet no evidence either

way specific to wind farm installations.
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30.0 Conclusion

The analysis presented in this report demonstrates that under standard assumptions.
with the windfarm displacing a gas-fired power station, and including a reasonable
accounting for local disamenity impacts, the Clyde project delivers a net welfare gain

of £1,445 million.

When the only available estimate for the non-use disamenity value for a large
(160MW, 80 turbine) windfarm in Scotland (of £19.40 per household per annum for
all 2.1 million Scottish households) is imputed, this reduces the welfare gain to £726
million. What this result means is that the Clyde project still delivers a net welfare

gain to society.

That this non-use disamenity value can reasonably be applied to the Clyde wind farm
in this way is far from certain. There are some very good reasons for doubting that

this represents the true non-use value associated with this project.

A number of research questions follow from this analysis. One of these is the
investigation of the non-use value cost category associate with wind farms.
Specifically, further investigation is warranted to determine how this value varies
across survey respondents when they are given further information on the location of
wind farms. It would seem inappropriate to assume that this value is not invariant
with location of both the windfarm and the respondent, the number of wind farms or

through time. But there is currently no research that proves this.

However, of perhaps greater practical use would be primary studies establishing the
changes in use value associated with the visual impact of developments. An
improved understanding of such values could pave the waf for a wider application of
cost-benefit analysis in considering how to achieve targets for renewable energy

deployment while incurring the lowest possible social cost.
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Chapter 6: Discussion

The central contention of this thesis is that a clear understanding of the nature of
barriers to the development of renewable energy in the UK is necessary not only to
enable Government targets to be achieved, but to ensure that they can be achieved in
an efficient manner. The research reported in the four main chapters highlights a
number of important issues in respect of these barriers, and aids understanding of the
nature of constraints on the development of two areas of renewable energy with
significant potential in the UK. Such understanding, if translated into effective policy
responses, should allow for a more cost-effective approach to increasing the supply

of perennial energy crops, and rolling out the development of onshore wind farms.
Key messages in respect of perennial energy crops include:

e UK farmer adoption of perennial energy crops is likely to be significantly
below Government expectations unless a number of issues are tackled.
Specifically, concern about the security and stability of income from
contracts is preventing uptake at gross margins that should be attractive to

farmers.

e Simply increasing the returns available by increasing the support for
combustion of perennial energy crops via the Renewables Obligation is an
unnecessarily expensive way of increasing levels of supply. Tackling
concerns over security and stability of income from contracts, such as
through a form of insurance, would create the pre-conditions for farmers to

consider adoption at lower gross margins.

e Cashflow is also a concern, specifically for SRC willow where there is a
significant delay between planting and harvesting. This is something that has
started to be addressed through some of the more innovative contractual
arrangements, such as via Bical for supply to Drax, but such approaches

should become more widespread.
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Key messages in respect of onshore windfarms include:

o The current approach to planning for onshore wind has no mechanism to
ascertain the welfare impacts of specific proposals in a manner that is
consistent with standard UK Government project appraisal techniques, which

use CBA to incorporate market and non-market costs and benefits.

e Such an approach, using cost-benefit analysis, is demonstrated to have the
potential to place a monetary value on the apparently intangible issue of
visual impact, which is one of the most contentious aspects of onshore

windfarms.

e Furthermore, applying this framework to wider consideration of the relative
merits of competing schemes should enable Government targets to be met at

the lowest possible social cost.

The messages presented above are unavoidably linked to the analytical framework
adopted for this study. In approaching the research for this thesis, a number of
decisions have been made as to the techniques to apply, in areas where there are
other ways of framing the analysis. Moreover, there are a number of possible
criticisms of the approaches that have been taken. The following sections will
explain the rationale for the way in which the research has proceeded, examine

alternatives, and justify the chosen methods.
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33.0 Approach to modeling farmer uptake of

perennial energy crops

The initial approach was intended to focus simply on the development of a
mathematical model, illustrating uptake of perennial energy crops at different gross
margins. The intention was to attempt to incorporate variables such as risk aversion,
through the use of weighted goal programming. This was largely driven by the stated
requirements of the NERC funded research grant, as part of the TSEC-Biosys
programme. However, it soon became clear that perennial energy crops had a
number of attributes that precluded a conventional analysis of uptake based on

incremental increases in return and weighted farmer preferences.

Reviewing the available literature, it was evident that perennial energy crops are still
seen as a particularly novel enterprise, and that almost a decade after the collapse of
the ARBRE scheme, the impact of this event continues to taint farmers’ views of
these crops. It was therefore deemed necessary to gain a more detailed
understanding of farmers’ specific attitudes and behavioural intentions in respect of
perennial energy crops. Such an approach is consistent with the trend, over the last
two decades, in agricultural economics, away from simply considering farmers as
rational market participants, to attempting to delve deeper into understanding

individual motivations.

This approach was also considered particularly appropriate due to the stage of
development of the perennial energy crop market in the UK. With low levels of
uptake, confidently identifying an observed supply curve against which to calibrate a
modelled supply curve would have been a very difficult undertaking. In addition, the
influences on such crops from both agricultural and energy policies, both of which
have been in a relative state of flux over the period of this research, suggested
strongly that understanding attitudes, influences and behavioural intentions would

yield the most useful insights.
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33.1 Investigating farmer behaviour

Mainstream economics teaches that individuals make decisions based on the
expected resulting change in their level of well-being (or utility). An increase in an
individual’s utility may arise from a number of events, such as the purchase of a new
car, a pay rise, or an improvement in health or the local environment (Edwards-
Jones, 2006). However, utility is difficult to measure. For others subject to the same
event, the increase in utility may be larger or smaller. Moreover, for the same person,
the effect of an identical event at different points during their lifetime may not

always deliver the same increase in utility (Edwards-Jones, 2006).

For economists, the concept of utility is very useful, with the assumption that humans
seek to maximize their levels of utility forming the basis of traditional economic
modeling. However, in practice, as measurement of utility is problematic, economists
make the assumption that money can act as a reasonable proxy for the extent to
which an individual’s utility is changed by a particular event (Edwards-Jones, 2006).
Thus agricultural economic modeling, used to predict likely levels of uptake of
particular activities, given the relative financial attractiveness of competing activities,
has for many years assumed the existence of the rational profit maximizing farmer
(Wallace and Moss, 2002; Revell and Oglethorpe, 2003). This approach was used by
University of Cambridge (2005) to estimate the likely uptake of perennial energy
crops by UK farmers.

While in many cases decisions may well be dominated by financial concerns, a range
of other, non-financial factors are understood to influence the adoption of new
products, policies and technologies (Jones, 1963; Rogers,'2003). The need to
understand these factors has become increasingly important in recent years with the
growing policy focus on encouraging the supply of environmental goods by farmers.
In attempting to anticipate likely farmer response to opportunities presented by novel
activities such as perennial energy crops (Sherrington et al., 2008) or voluntary

schemes promoting biodiversity enhancement and water management, mainstream
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agricultural economics has increasingly drawn on insights from disciplines such as

sociology and psychology (Edwards-Jones, 2006).

Research into adoption decisions of farmers has identified five key sets of non-
financial variables that can play an influential role. These are: farmer characteristics,
household characteristics, farm structure, the wider social setting and the

characteristics of the innovation to be adopted (Edwards-Jones, 2006).

Age, gender, attitude to risk, education and personality are all farmer characteristics
known to be important in adoption decisions, while farm household characteristics
known to be important include work patterns of the spouse, level of pluriactivity, and
stage in the family cycle (Jones, 1963; Bowler, 1979; Brotherton, 1989, 1991;
Nkonya et al., 1997; Willock et al., 1999b; Vanslembrouck et al., 2002; Sheikh et al,
2003). The structure of the farm business, such as farm type and size, and levels of
indebtedness are also understood to influence decision making (Jones, 1963; Potter
and Gasson, 1988). Sherrington et al., (2008) found that adoption decisions in
relation to perennial energy crops may be based on a broad range of criteria
including the greater perceived risks involved in such activities, reduction of farm

business flexibility, and life stage of the farmer.

Factors relating to the social setting such as attitudes of trusted friends, local culture,
levels of extension, information flows, the policy environment and institutional
structures have more recently been identified as important influences on decision
making (Guerin and Guerin, 1994; Neupane et al., 2002; Mathijs, 2003; Solano et al.,
2003), and are now key considerations in models used to understand and anticipate
behavioural intentions (Beedell and Rehman, 2000; Mattison and Norris, 2007). Such
considerations are clearly evident in the case of perennial energy crops. Farmers
perceive a lack of trustworthy information in relation to perennial energy crops, with
many taking a wait-and-see attitude, through observation of the crops of
neighbouring ‘early adopters’ (Sherrington et al., 2008). There are also concerns
about institutional risk in terms of the security of income from available contracts,
and the policy risk of novel activities that are at the interface of energy and

agricultural policies (Sherrington et al., 2008).
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The fifth set of variables identified relates to the characteristics of the product or
policy to be adopted. Much research in this area focuses on agri-environment
schemes, where factors relating to participation include the voluntary nature of the
scheme, scheme duration, payments, flexibility of the scheme and its impact on farm
management (Guerin and Guerin, 1994; Morris and Potter, 1995; Wilson, 1997).
Another important factor is the level of paperwork involved, with requirements for
lengthy form filling having been shown to cause stress among farmers and lead to
lower levels of scheme adoption (AgraCeas, 2003; McGregor et al., 1995; Boulanger
et al., 1999). Farmer concern over paperwork is also evident in the context of the

various support schemes for perennial energy crops (Sherrington et al., 2008).

In addition to the above factors, and financial concerns, aspects of a farmer’s
psychological make-up, such as attitudes, also influence an adoption decision (Austin
etal., 2001; Willock et al., 1999a and b). Attitudes have been defined as “a positive
or negative response towards an attitude object (where an attitude object may be a
person, idea, concept or physical object” (Willock et al., 1999b), and as ‘a
psychological tendency that is expressed by evaluating a particular entity with some

degree of favour or disfavour’ (Eagly and Chaiken, 1993).

Considerable attention has been given to the study of farmer attitudes in recent years,
because of the realization amongst agricultural scientists that attitudes have an
important influence on farmer behaviour, and that relationships may exist between
attitudes and other characteristics such as education (Edwards-Jones, 2006). Such
relationships have long been understood in the field of social psychology, with
attitudes acknowledged to interact with other personal aspects to influence behaviour
(Ajzen and Fishbein, 1980; Ajzen, 1991). Models developed for social psychology
research are increasingly being used in many areas, and using such an approach to
underpin the work for this thesis relating to farmer adoption of perennial energy

crops has yielded considerable insights of significant use to policy makers.

Three social psychology approaches predominate in considering uptake of new
techniques and technologies in the agricultural context - the Theory of Reasoned
Action (TORA) (Ajzen & Fishbein, 1980), its extension the Theory of Planned
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Behaviour (TPB) (Ajzen, 1991), and Diffusion Theory, which has been successfully
applied in rural situations since the 1940s (Fliegel, 1993).

Diffusion is defined by Rogers (1995) as “the process by which an innovation is
communicated through certain channels over time among members of a social
system”, and the theory has been widely used to consider the uptake of agricultural
innovations such as herbicides, hybrid seed and fertilizers. Seminal research by Ryan
and Gross (1943) on the diffusion of sowing hybrid corn by lowa farmers in the USA
provided the fundamental characteristics of the theory: the classic “diffusion of
innovations” paradigm. The study promoted the significance of communication as a
construct in the diffusion model and provided the generic bell-shaped and sigmoid
curves of uptake on which much rural sociology research has been based (Jackson et

al., 2006).

Communication was one of the recurring themes in Rogers’ (1995) description of
each category of adopter, termed “Innovators’, ‘Early Adopters’, ‘Early Majority’,
‘Late Majority” and ‘Laggards’, with the geographical extent of their communication
reflecting their position on the curves. For the networks of Innovators, Rogers (1995)
used the term ‘cosmopolite’ to reflect the great distances over which they
communicated, whereas laggards were the most fervent ‘localites’, viewed as ‘near

isolates in the social network’, (Rogers, 1995).

The adoption of an innovation is seen as a process and follows five main phases in
which different information sources are important (Rogers 1995, 2003; Tutkun et al.,
2006).

1) Knowledge of the innovation — in this phase, mass media plays an important

role as a source of information

2) Persuasion and evaluation of the attributes of an innovation, i.e. formation of
attitudes as to its advantages and disadvantages — friends and neighbours are

the most important sources of information at this stage

3) Decision whether or not to adopt the innovation. Through actively seeking

and processing information the aim is to reduce uncertainty about the
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advantages and disadvantages — again friends and neighbours are important

information sources

4) Implementation of the innovation — sometimes an adaptation of the
innovation to the farm environment may be needed and personal experience

1s very important at this stage

5) Confirmation — i.e. the individual seeks reinforcement for the innovation

decision already made.

However, as Fisher et al. (2000) note, diffusion differs from adoption in that it is the
process by which new technologies are spread among users, whereas adoption is an
individual, internal decision. While an awareness of the process by which such
diffusion in respect of perennial energy crops might take place is useful for this
research, understanding likely individual farmer behaviour in respect of adoption is

the focus. Therefore, the decision was taken to use the Theory of Planned Behaviour.

The Theory of Planned Behaviour, and it’s predecessor, the Theory of Reasoned
Action have substantial empirical support, and have successfully been used to predict
behavior in a variety of practical contexts including smoking (e.g. Morrison et al.,
1996; Norman et al., 1999), adherence to a medical regime (Conner et al., 1998),
choosing a career (Vincent et al., 1998), composting (Kaiser et al., 1999), as well as
for farmer decision making (Lynne et al. 1995; Beedell and Rehman 1999, 2000;
Trumbo and O’Keefe 2001, Defra 2006; Mattison & Norris, 2007).

The foundation of the TPB is the subjective expected utility theory (SEU) and it is
therefore assumed that individuals behave in a rational way, in accordance with their
subjective expected or perceived utility (Fishbein & Ajzen, 1975). This aspect has
been criticized on the basis that the TPB presents a picture of decision-making
processes that is too rational and calculated, without taking into account that people
often act based on habit and automatic or unconscious processes (Bagozzi 1992;
Bagozzi and Kimmel 1995). This implies that despite its predictive successes, the
TPB may not accurately reflect the actual psychological processes involved in

decisions to perform a particular behavior.
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However, this criticism is common to all attitude theories which use an expectancy-
value format when attempting to explain behavior, including utility theory in
economics: the role of habit is not well represented. Moreover, in the case of
adoption of perennial energy crops, a novel activity, the use of habits would not

necessarily be a useful indicator of adoption intentions

One common method for addressing the lack of emphasis on automatic and
unconscious processes in the TPB is simply to propose a different model. However,
none of the competing models (e.g., Bagozzi 1992) have generated enough research
or gathered enough empirical evidence to show that they achieve generally better

prediction or understanding of the factors influencing decision making (Hoffman et
al., 2004).

Proponents of expectancy-value models in general, and of the TPB and TRA in
particular, typically point out that the TPB does predict behavior fairly well and thus
has at least predictive validity, one of the requirements of external validity. Sutton’s
(1998) meta-analysis of research using the TPB indicated that, on average, the TPB
explains 40% to 50% of the variance in intentions to perform a behavior, and 19% to
38% of the variance in actual behavior. Compared to many effects in psychology,
even the smaller proportion of behavior variance explained is notable ( Hoffman et

al., 2004).

A second criticism of the Theory of Planned Behavior relates to confusion over the
meaning of the constructs. The primary example given for this is the construct of
perceived behavioral control. Ajzen (1985) has stated that this concept is similar to
the concept of self efficacy proposed by Bandura (1977a, 1977b). Self-efficacy refers
to a person’s beliefs about whether s/he can be instrumental in a given situation.
However, some empirical research indicates that self-efficacy and perceived

behavioral control are different constructs (e.g., Manstead and van Eekelen 1998).

According to this research, self-efficacy represents a concept consistent with the way
it has been classically defined: whether one perceives oneself as possessing the skills
and abilities necessary to control the situation. Perceived behavioral control seems to

capture whether one believes it is possible to control the situation. A recent
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metaanalysis has indicated, however, that there is only weak evidence for
distinguishing between perceived behavioral control and self-efficacy (Armitage and

Connor 2001).

A number of empirical and review articles suggest that understanding of behavior

may be improved by adding variables to the basic TPB model to address criticisms
relating to the influence of unconscious processes such as habit, and the confusion
between perceived behavioral control and self-efficacy (Aarts et al. 1998; Connor

and Armitage 1998; Manstead and van Eekelen 1998; Richard et al. 1998; van der
Pligt and de Vries 1998).

One of the most commonly recommended additional variables is past behavior
(Connor and Armitage 1998). Empirical research indicates that past behavior is able
to account for variance in behavior above that attributable to the TPB components
(Aarts et al. 1998; Connor and Armitage 1998). However, as noted above, in the case
of adoption of perennial energy crops, a novel activity, the use of past behaviour may

not necessarily be a useful indicator of adoption intentions.

Of the TPB studies applied to farmers’ decision making, most of have focused on
conservation behaviors. For example, Lynne et al. (1995) examined the adoption of
water conservation technology by Florida strawberry farmers. Their research
supported Ajzen’s decision to add perceived behavioral control to the Theory of
Reasoned Action in his proposal of the TPB because both perceived and actual
control explained a significant proportion of the variance in water conservation

technology adoption by these farmers.

In other studies of farmers’ conservation behavior, Beedell and Rehman (1999,
2000) found that, consistent with the TPB, farmers’ pre-éxisting attitudes and social
pressures determined why and in what manner they chose to manage the hedges on
their land. “Conservation-minded” farmers were more likely to consider the
conservation benefits of hedge management in their decisions. These farmers also
felt under greater social pressure to manage their hedges, as they tended to belong to
one or more conservation groups. This application of the TPB suggests that it can

offer useful insight into farmers’ decision-making processes and their behavior.
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A further criticism is that behavioural decision-making models such as the TPB and
TORA rely on self-reports, despite evidence suggesting the vulnerability of such data
to self-presentational biases (e.g. Gaes et al., 1978). Hessing et al. (1988) examined
the TORA in relation to tax evasion, and contrasted self reports with official
documentation. Findings indicated that attitudes and subjective norms correlated
with self-reported behaviour, but did not correlate with documentary evidence, in
spite of considerable effort to maintain the anonymity of respondents. However, in
the context of adoption of perennial energy crops, there is no a priori reason to

expect that farmers would deliberately choose to misreport their intentions.

While there will always be a number of potential shortcomings to any research
approach, evidence from narrative and meta-analytic reviews suggest that the TPB is
indeed a useful and appropriate model for predicting a wide range of behaviours and

behavioural intentions (Armitage and Conner, 2001).
33.2 Criticisms of the chosen approach

From the point of view of the research council, it could be argued that the study has
failed to deliver an accurate answer to the level of adoption that might be expected
given a certain level of return. However, the response to this is that it is too early to
state with any confidence the level of uptake that might be achieved, and moreover,
uncovering the key issues identified in both the focus groups and the postal survey,
has delivered valuable insights of direct policy relevance. A greater focus on
developing models that covered a number of scenarios, and incorporated goal
seeking approaches might well have produced a range of possible levels of uptake,
but would have been to the detriment of greater understanding of the actual barriers

to adoption as considered at the farm-level.

It would also be possible to criticise the focus group approach in that such groups can
always be considered self-selecting, to a certain degree, are not representative, and
are potentially dominated by the views of a few. However, the very nature of the
extent of energy crop adoption meant that few people had experience of the crops.
and thus their views were useful as the first step in the wider Theory of Planned

Behaviour based research. It has never been suggested that the focus groups were
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representative of the wider farming community, with the second stage of the
research, the postal survey being relied upon as the way to establish a statistically

significant response to key issues.

Again, with the postal survey, only specific areas of the country were targeted,
leading to potential claims that the views presented were not representative of the
UK farming community as a whole. However, the difficulty here, reflecting once
more the immaturity of the energy crop market. is that in many areas there simply are
no perennial energy crops, and no significant sources of demand. It was considered
more useful to focus on areas where farmers knew that others had already adopted

and that sources of demand existed within a reasonable distance.

One of the early hopes for the Theory of Planned Behaviour research was that
findings could. at a later date, be incorporated into a model using Positivistic
Mathematical Programming. Research undertaken for Defra by a team of agricultural
economists at Reading University (Defra, 2006) was intending to achieve such a
process of integration. Unfortunately, their efforts were unsuccessful, and it was
decided not to attempt to integrate the findings from the postal survey research into
mathematical modelling. Notwithstanding, this setback, as a stand-alone piece of
research, the output from the postal survey using the Theory of Planned Behaviour

has delivered a number of useful findings.

The mathematical model is therefore applied in the full knowledge that at the farm
level, there are a number of significant barriers to adoption. Having gained this
understanding, the decision was taken to abstract from these known barriers in the
modelling, and model uptake in the conventional manner, treating the decision to
adopt as one simply based on financial considerations, i.e. the return available from

these activities. This achieved two key objectives.

Firstly, in updating the research undertaken by University of Cambridge (2005), the
intuitive effect of increased prices for conventional crops became evident in that

higher returns for energy crops were required to stimulate a certain level of uptake.
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Secondly, the gap between modelled and actual uptake at current prices highlights
the existence and importance of the identified barriers to adoption, along with
supporting the contention that directly tackling the known barriers should bring about
adoption at a lower cost than through increasing support levels via the Renewables

Obligation.

Thus while the modelling does not provide “an answer’, it does usefully illustrate the
Juxtaposition of conventional economic understanding of adoption with the more
detailed behavioural studies that preceded the model’s application. In tackling the
research in this order, the all important context within which the model’s results
should be interpreted has been fully developed. In so doing, the Theory of Planned
Behaviour research, and the mathematical modelling studies serve to complement

each other in bringing about a fuller understanding of the key issues.
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34.0 Planning for onshore windfarms

The research that led to the publication of the paper addressing the economics of
onshore wind generation, including externalities, was commissioned by Alirtricity
Ltd., a Dublin based developer of on and offshore windfarms. Airtricity sought an
impartial assessment of one of their proposed schemes, using techniques and values
in line with UK Treasury project appraisal guidance, in order to establish the overall

costs and benefits of the proposal.

From reviewing the literature it soon became clear that no such study had ever been
undertaken for an onshore windfarm, which was quite remarkable considering that
the development of onshore wind in the UK engenders such strong opposition,
typically related to the perceived negative visual impact. That no attempts had been
made to understand this opposition using an approach such as a contingent valuation

study that could be applied within the framework of CBA was surprising.

A reason for this might be that the predominant framework for assessing the merits
of proposed windfarms is that applied through the planning process, where impacts
are assessed using an ordinal scale. Monetised impacts, both costs and benefits, as
established for appraisals of projects such as road schemes, do not feature. This is
arguably a significant weakness of the planning system, especially if trying to
establish a consistent approach across the country. While it is difficult enough to
assess whether an individual windfarm project should go ahead, to explain why one
has been refused and another allowed is more difficult, and will become increasingly

so with the large number of pending planning applications.

There is, furthermore, concern as to the weight currently given by planning
authorities to the various positive and negative impacts that arise. Specifically, some
landscape protection groups feel that carbon dioxide reductions, which can be
measured in terms of their contribution to government targets, heavily outweigh
other perhaps less tangible environmental and landscape considerations in planning
judgements in the UK (Ramblers Association Scotland 2005, CPRE, 2005). While
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some may consider ‘aesthetic issues’ as difficult to equate with the ‘fundamental
risks that continued fossil fuel use poses to natural systems and society’ (WWF-UK,
2003), it is technically possible to quantify the welfare changes arising from both the

visual impact and the avoided emissions associated with a windfarm. Thus potential

trade-offs can be examined.

Using a cost-benefit style approach would appear to have a number of attractions, but
would represent a significant change in emphasis from the current process of
landscape evaluation that is undertaken as part of the planning process. It is
therefore worth considering the theoretical roots of the two approaches in order to
assess whether the argument that applying cost-benefit analysis could enable a more

socially cost-effective deployment of onshore windpower, can be sustained

Some of the relevant issues have been touched upon to a certain extent in Chapter 5,

and will be more fully discussed below.

Firstly, understanding of public perceptions of windfarms is reviewed. Then the
current planning approach is investigated. Following this, consideration is given to
the techniques, merits, difficulties and possible objections to capturing the visual
disamenity associated with windfarms in monetary terms. Further research needs are

then discussed.

34.1 Public perceptions of windfarms

Public opinion is generally positive towards wind power (Sustainable Development
Commission, 2005; Devine-Wright, 2005; Krohn & Damborg, 1999). But when it
comes to specific projects, local and organised opposition can be significant (Ellis et
al., 2007; Haggett, 2004). Research confirms that the strongest impacts on attitudes
to wind farm proposals arise from the projected aesthetic value of turbines and
perceived impact on landscape (Pasqualetti et al., 2002 ; Burall, 2004,
Wolsink,2007a).
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Most attitudinal research in this field has focused on the contrast between opposition
from local residents (many of whom support wind power in principle) and the high
levels of support for wind among the public in general. Some have characterised this
difference as one that can only be explained in terms of the ‘deviant® behaviour on
the part of the objectors who are then neatly labelled as NIMBYs (e.g Righter, 1996;
Elliot, 1997, Kahn, 2000). Ellis et al. (2007) however, argue that such analysis has
tended to project monolithic notions of objection that fail to grasp the intricacies of
local disputes and tend to focus on objectors as the key obstacle to wind farms rather
than encouraging an understanding of the complete dynamic of the dispute (Smith &
Marquez, 2000).

Evidence of this is an assumption that is found in policy documents (e.g. RCEP,
2000; DTI, 2002) and some academic texts (e.g. Strachan et al., 2006) that
‘awareness-raising’ should be the main strategy for bringing objectors round. This
view is supported by Short (2002) who considers that “opinion is formed not by
experience, but rather by ignorance, misinformation, prejudice and fashion™. In such
a way the objections voiced by local residents are deemed by some groups (e.g
WWE-UK, 2003) to be less valid than the national and global concerns that are being

tackled, in part, by the promotion of renewable energy.

Arguably such a view of ‘opposition through ignorance’ fuels the fears of recreation
and landscape protection groups that visual impact is not given due importance in
planning judgements in the UK (Ramblers Association Scotland 2005, CPRE, 2005).
However, as Ellis et al. (2007) point out, far from being ignorant, many objectors
appear extremely well informed about the subject (e.g. Etherington, 2006), and their
views result from deeply held values, consistent with their opposition to individual
schemes even when they may support wind power \in principle. In fact it is
recognised in the fields of social and environmental psychology that it is entirely
consistent to both approve of windpower and object to a particular scheme, as
‘windpower in general’ and ‘a specific windfarm proposal’ are two entirely separate
‘attitude objects’. As Wolsink (2007b) notes, attitudes to wind power are

fundamentally different from attitudes towards wind farms.
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Most research in this area has described and attempted to account for public reactions
to wind energy development (Devine-Wright, 2005). While this has brought about a
greater understanding of the nature of objections to windfarm proposals, little has
been done to quantify such opposition in a way that can allow comparison with other

positive and negative impacts.

34.2 The current approach to evaluation through planning

For larger wind power projects in the UK, (usually those over 5 MW), the developer
is required to produce an independent Environmental Impact Assessment (EIA) to
investigate specific concerns such as landscape, noise and wildlife effects

(Sustainable Development Commission, 2005).

The results of the EIA are published in an Environmental Statement (ES), which is a
publicly available document that will be used in the consents process. It must be
accompanied by a non-technical summary, written in an accessible way and available

free of charge, usually from the developer (Sustainable Development Commission,

2005).

EIA regulations (HMSO, 2000) require that “the aspects of the environment likely to
be significantly affected by the development™ are included in the ES, but offer no
specific guidelines on definitions of significant. While the prediction and then
evaluation of significance is central to EIA, it is also fraught with methodological
difficulty. University of Newcastle (2002) states that “Ultimately, significant is what
individuals, people, organisations, institutions, society and/or policy say is significant
— it is a human evaluative and subjective judgement on which there may or may not

be consensus’.

For landscape and visual effects, the LI-IEA guidelines (LI-IEA, 1995) are widely
referred to in EIA, and appear to have become the de facio national standard
(University of Newcastle, 2002). However, a subsequent advice note (Landscape
Institute, 1999) emphasises that the guidelines are general, non-prescriptive, and not

intended to offer a preferred methodology. In the second edition of the guidance (LI-
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IEMA, 2002), stress is laid on “informed and well reasoned judgement supported by
thorough justification™, as well as the need to consider issues, including significance

on a case-by-case basis (Box 7.3, IEMA, 2002).

While broad professional landscape consensus does exist, as the similarities in the
examples given in Appendix 6 of LI-IEMA (2002) show, detailed differences of
interpretation are inevitable (University of Newcastle, 2002). Moreover, University
of Newcastle (2002) argues that “the definitions and judgements of significance
contained within an ES are ultimately those of the developer and/or consultant, even
allowing for the existence of a degree of consensus among landscape professionals
who would be expected to share some common standards and norms”. While
University of Newcastle (2002) intends no criticism of the honesty or professional
integrity of the parties in their case studies, they feel it is a truism that a developer
must want to minimise the number of significant impacts identified, and that a

professional is torn between their role as an expert and their role as an advocate”.

While some ESs may be little more than promotional material for developers,
University of Newcastle (2002) argues that “even in ostensibly fair, balanced and
unbiased statements there can exist more subtle and entirely understandable nuances
and judgements that can be challenged”. As a result of this, decision makers, from
development control through to a public enquiry, may feel free to accept or reject
many definitions and judgements unless consensus exists (University of Newcastle,

2002).

This illustrates and supports the contention of Appleton (1975) that the lack of an
“aesthetic theory™ handicaps objective professional evaluation of landscape and

landscape change.

To take the example of Scotland, where much of the UK’s onshore wind capacity is

due to be located, guidance from the Scottish Executive states that:

“Consideration of the significance of any adverse impacts of a renewable generation
proposal should have regard to the projected benefits of the proposal in terms of the

scale of its contribution to addressing climate change through its contribution to the
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Scottish Executive’s targets for renewable energy. A relevant consideration should
be whether such a scale of renewables contribution could be realised with fewer or
lesser impacts in a different location or through several smaller projects” (Scottish

Executive, 2007).

The Scottish Executive’s guidance does not, however, outline how to achieve the
appropriate balance. While the methodology for landscape and visual impact
assessments is well developed (University of Newcastle, 2002; Landscape Institute &
Institute for Environmental Management and Assessment, 2002), the question
remains as to how tonnes of avoided carbon dioxide emissions should be compared
against the results of a visual impact assessment that presents impact scores using an
ordinal scale? In the absence of a common scaling denominator it is not possible to
establish in a transparent and consistent manner whether a project’s costs outweigh

the benefits, or moreover, to compare competing projects and rank them.

The need to measure more fully the perceived visual and aesthetic impacts of wind
farms is evident from a review of the academic literature (Khan, 2003; Strachan &
Lal, 2004). However, while such impacts continue to be measured using ordinal
scales based on expert-led evaluation, the problem of comparison with other impacts

remains.

An alternative yet complementary approach, is valuation, where a monetary value is
assigned to a landscape (or indeed any change in that landscape), enabling
comparison with other monetised impacts on a like-for-like basis. Following this
approach, it is possible, through cost-benefit analysis (CBA), to quantify the welfare
impact, in monetary terms, of any individual windfarm proposal, to ascertain whether
or not it delivers a net benefit to society. Competing projects can then be ranked by
their benefit:cost ratio, or by the size of their net benefit to society. While such an
approach could not replace all aspects of the evaluative process undertaken through
the development of an Environmental Statement, a formal assessment of the welfare
impacts of a proposal could provide a valuable addition to the ‘toolkit’ available to

the planning authority.
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While quantifying the welfare impact is attractive for the reasons outlined above, the
use of CBA, especially to consider environmental and aesthetic issues does provoke
controversy. One of the main areas where CBA is thought by some to be lacking is in
the way it deals with issues of equity (e.g. Sagoft, 1988). In neo-classical welfare
economics, economic value is determined by effective demand, i.e. by willingness to
pay, backed up by an ability to pay. Thus if someone would pay to secure a certain
benefit but was unable to afford anything, this would be treated as zero WTP.
Effective demand as a measure of preferences has its attractions, but one weakness is
the way in which the vote in the market place is unequal (Hanley & Spash, 2003).
Accordingly, and reflecting wider societal inequalities, an equal opportunity to
influence resource allocation could be argued to require an equitable income
distribution. However, if the existing income distribution is tolerated by society, by
implication, the outcome of a CBA, based on this distribution, may be treated as an

acceptable basis for decision-making.

Similarly, the Kaldor-Hicks criterion, which states that a resource allocation is
desirable if the gainers could compensate the losers and still be better off, is
frequently criticised, on the basis that compensation is theoretical, i.e. it need not
take place. Hence distributional impacts are not explicitly taken into account, but
may be considered by the decision-maker outside of the CBA. An alternative,
following Bergson (1938), is to define a social weighting within the CBA, perhaps to
suggest that the poor should benefit to a greater extent than the rich. This would be
consistent with the observation of the diminishing marginal utility of income,
whereby an extra unit of income delivers less marginal utility to a rich person than to
a poor person (Layard et al., 2008). While individual utility is difficult to measure,
CBA sidesteps this issue by using money as a reasonabl:e proxy for utility. This
would indeed suggest there is a place for the inclusion dlf weighting. However, such
weights would need to be set, an act which would itself have to be a matter of

political judgement.

Over time it could be assumed that the government might use transfer payments to
counter systematic redistributions following from implementation of the Kaldor-

Hicks criterion, but if these redistributions do not take place, then the adherence to
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CBA may well lead to adverse distributional consequences. However, the application
of weights to CBA would itself lead to problems of inconsistencies in the evaluation
of competing projects, and thus the focus of CBA remains on allocative efficiency,
rather than distributional equity, with the latter being left to government to achieve

through transfer payments.

For many people the attribution of a monetary value to landscapes, species or indeed
built heritage is distasteful, and incommensurate with their own beliefs. Often a
landscape may be described as ‘priceless’, and within a contingent valuation study an
individual would refuse to state a WTP for a change to that landscape. Such a
response would count as a zero bid. Such ‘lexicographic preferences’ violate the
exchange value assumption in neo-classical economics , i.e. the individual cannot be
compensated for the loss of a quantity of one good by increases in the quantity of one
or more other goods, no matter how small the former or large the latter (Hanley &

Spash, 2003).

This was famously highlighted by the Roskill Commission, which valued a Norman
church at just £50,000 when seeking to establish through CBA the best location for a
third London airport (Lichfield, 1971). The resulting controversy suggested that this

was clearly an instance where lexicographic preferences were in evidence.

However, while such preferences may exist for iconic landscapes or locations, they
will not be universally held. Moreover, for landscapes considered to be of ‘lesser
value’, such preferences may be entirely absent. A number of techniques exist for
dealing with these preferences within contingent valuation surveys, and if
consistently applied enable reliable cross-comparison of values (Hanley & Spash,

2003).

While there may be a number of difficulties in applying economic valuations to
landscape, they have a number of advantages compared with other techniques, as
will be outlined below. Moreover, failing to incorporate these values within the
widely applied framework of CBA may in fact risk landscape issues being left out of

important decision-making processes (Swanwick et al., 2007).
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34.3 Evaluation or valuation of impacts?

Evaluation of a landscape is the process of scoring or rating its quality, whereas

valuation assigns an economic (monetary) value to the landscape or its attributes.

While evaluation is the more widely practised of the two techniques, the absence of a
common scaling denominator effectively precludes analysis of many of the types of
trade-offs that are of high policy relevance. For example, one cannot determine
whether to save a superbly rated landscape (rating 23), which is remote with 500
annual visitors, or an ordinary rated landscape (rating 10) that is visited by 100,000
(Price, 1993). Likewise we cannot compare different degrees of impact on different
landscapes or aggregate landscape impacts for alternative project designs (Santos,

1998).

Instead of resolving this shortcoming, landscape research has moved onto a formal
process of Landscape Character Assessment (LCA), which guides current landscape
planning. LCA is unambiguously subjective but within a process that claims to
reconcile a range of concepts and elements that are deemed relevant in most cases of
characterisation (see Swanwick and LUC, 2002; Swanwick et al., 2007), and
emphasises why places are special in terms of their character and distinctiveness.
While attempting to minimise undue subjectivity, LCA does not make any pretence
at being guided by public preference. Rather, it is a Delphi (expert) method of
meeting public preferences by proxy whereby the general framework of the

assessment process essentially substitutes for individual preferences.

According to Santos (1998), this move towards character assessment, and the
abandoning of research to further evaluation, has left a void for evaluating trade-offs
between development benefits and landscape quality. :Fhis void has most recently
been filled by environmental economics; that is, the transition from evaluation to

valuation.
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34.3.1 The economic valuation of landscapes

LCA guidance talks of landscape as having economic value, ‘providing the context
for economic activity and often being a central factor in attracting business and
tourism” (Swanwick and LUC, 2002). Such revealed activity does not, however,
represent a landscape’s total economic value, as public preferences for landscape are
very rarely transacted in a market place. This means that a large proportion of the

value for users and non-users of landscape is simply not accounted for in planning.

Improvements in environmental valuation techniques, and a growing body of
revealed and stated preference studies, provide some data to substantiate the process
of landscape planning. These methods side-step the problems of evaluation of
ordinal scales by allowing subjectivity to be translated into a numeraire (money). The
mean stated preference or willingness to pay in money terms determines what is and
is not important, and as long as a wide enough sample of the public is obtained, the
issue of objectifying subjectivity is addressed. It is important to note, that such
economic valuation is not typically concerned with the total or absolute value of a
landscape. Instead it is only concerned with a) changes in the economic value of
given landscape types due to some policy intervention or other change (such as a
windfarm), or b) the economic value of a given landscape type relative to an
alternative — for example draining a wetland and replacing it with arable farming

(Swanwick et al., 2007).

But these advances have not been without criticism directed at the potential biases in
preference elicitation using neoclassical methods. These criticisms vary in the extent
to which they challenge the underlying theoretical validity (Spash, 1998;
Rosenberger ef al., 2001), and the extent to which they advance plausible alternatives
for evaluating trade-offs (Toman, 1998). Theoretical criticism tends to lead to the
use of alternative deliberative of multicriteria methods as aids to decision making.
However, the theoretical validity of these methods appears to be no more robust than

that claimed by neoclassical methods.

Revealed preferences are closer to conventional markets in that these methods rely

on some related complementary market (e.g. travel behaviour or property investment
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decisions) as a basis for inferring something about proximate landscape values of
interest. The principal methods in the revealed preference category are the travel
cost method and hedonic pricing. The mechanics of applying these are detailed in
Garrod and Willis (1999). Neither of these techniques, however, is sufficiently
discriminating of the detail that one might expect in landscape planning. Being based
on complementary markets (i.e. travel and housing) they are only good for revealing
preferences where those complements are present. In other words, only use values
are considered, and this is a significant weakness, as any of the passive motives that
may be held for landscapes by people who never go near them are simply not
counted. Since these motives can be extremely important for iconic landscapes (e.g.
the Scottish Highlands) it is important to consider techniques that can take them into

account.

This problem can be addressed using stated preference methods; contingent valuation
(CV) and choice experiments, which are essentially means of eliciting a willingness

to pay for an environmental change from a selection of the general public (Alberini

& Kahn, 2006).

Aside from the ability to quantify non-use preferences, a considerable advantage in
using a stated preference method is its flexibility relative to revealed preferences.
Using a survey and appropriate devices such as photos and montages, one can simply
construct hypothetical landscape scenarios around a specific landscape or its

composite features and elicit direct statements of welfare (or willingness to pay).

This hypothetical nature is both a strength and a weakness, and a major issue in the
design of stated preference studies is the nature of what the respondent is asked to

consider directly.

In the UK and Ireland a range of landscape types has been valued using stated
preference approaches, mainly Environmentally Sensitive Areas. Bullock and Kay
(1997) considered landscape change in the Southern Uplands in terms of heather and
tree coverage as a result of grazing intensity. Garrod & Willis (1995) and Willis &
Garrod (1993) valued changes in the South Downs ESA and Yorkshire Dales ESA

respectively. The first study considered traditional farming and historic features; the
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second study asked respondents to choose and value their favourite landscape
(abandoned, semi-intensive, planned, conserved, sporting and today’s) as depicted in
photo-montages. Campbell (2007) applied a discrete-choice experiment to estimate
the economic benefits associated with rural landscape improvements in Ireland,
while Hanley et al. (2008) valued changes in woodland cover in two UK National

Parks, the Trossachs and the Lake District.

While for some people placing a monetary value on environmental goods is morally
unacceptable, it does allow individual members of society to express their
preferences for environmental goods such as landscapes in a convenient way that can
then be taken account of in the decision-making process. Indeed it has been argued
that this monetary expression of preference may in fact be the most effective way of
introducing an element of social choice into economic development decisions
(Garrod, 1996). As noted by Swanwick et al. (2007) while there are difficulties that
arise in applying economic valuations to landscape, these can only be completely
avoided by declining to apply these techniques altogether. Not only would this fly in
the face of current practice, it would risk landscape issues being left out of important

decision-making processes.

It is also important to note that landscape is a good area for eliciting public
preferences through valuation as it is within the experience of respondents and of
relevance to them. By contrast, for complex ecological considerations where

irreversible effects may occur, an expert led approach may be more appropriate.

34.4 Further research

It is not the role of this research to consider the practical issues that would have to be
tackled were the planning system to adopt such an approach on a broad scale. While
it might be interesting to speculate on the resistance to what could be seen as an
assault on ‘expert knowledge’ in the matters of landscape planning, it is of greater

relevance to consider the key challenges in respect of windfarms that will be faced
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by planning professionals in the next few years. This can then highlight important

research needs in the field of landscape valuation.

While there is clearly an immediate need for primary landscape valuation studies to
verify the actual disamenity impacts of windfarms, it would appear that for onshore
wind, with increasing numbers of applications for windfarms in the areas of greatest
potential, of growing importance will be the issue of cumulative landscape and visual

impacts.

As mentioned in Chapter 5, guidance from Scottish Natural Heritage (2005) gives an
example of two windfarms either side of a valley, suggesting that taken together, the
combined impact may be greater than the sum of the two individual impacts. While

intuitively it could be argued that the two together have an increased impact, it could
be expected that there might in fact be a “diminishing marginal disutility” in terms of

valuing the successive changes to the landscape.

While it has in fact been observed from previous studies that people experience
diminishing marginal effects of both gains and losses (Kahneman and Tversky. 1979;
Knetsch, 2007), there is as yet no evidence either way specific to wind farm
installations. Undertaking research into cumulative impacts via landscape valuation
studies would bring much to a debate that is still characterized by a lack of objective

evidence.
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35.0 Concluding remarks

Government, be it in Brussels, Westminster or Edinburgh, sets both the incentive
mechanisms and targets for renewable energy, on the basis that the former should
lead to the achievement of the latter. However, there are a number of socio-economic
constraints specific to certain renewable energy technologies that threaten this

assumption.

The core argument of this thesis is that a better understanding is needed of these
barriers to the development of renewable energy in the UK, in order that targets can
be achieved, and achieved in an efficient manner. This theme runs through all four
papers, and in juxtaposing perennial energy crops against wind power, illustrates the
issues that affect renewable energy technologies (and associated inputs) at different

stages in their development.

For perennial energy crops, which for farmers represent a novel crop with associated
uncertainties, the investigation is essentially focused on private costs and benefits,
from the farmer’s point of view. The research focuses on understanding how the
theoretical benefits, in terms of financial return, can most cost-effectively be realised,
and how the real and perceived costs can best be tackled. A number of key
constraints are identified, and findings of clear policy relevance, which could help

targets to be achieved at least cost, are presented.

For wind, from the private perspective, the benefits already outweigh the costs as can
be seen from the large number of planning applications that have been submitted by
developers. The technology is proven and well understood, and the analysis is
therefore on the wider societal costs and benefits. A framework for assessment is
developed which illustrates the potential to deliver, from the societal perspective, a

more cost-effective deployment of onshore windpower in the UK
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A.1.0 Postal Questionnaire
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Section L: Information about vour farm business (By tiis we mean vour major

Please circle or tick as appropriate.
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Secrion 1: Current energy crop levels and future plans
(Please circle or tick as appropriate)

21 Are you currertly zrowing SRC Yes No
Willow on vour farm? %
2.1 Ara you cumerty zrowing = .
5 SR g TES No

Mzscanrbws or vour farm?

If you are cumsntly zrowing SRC Willow or Miscanfhus, plaase oo Q 2.2,
If you are not cweranrly srowins SRC Willow or Miscantbus. pleaze so o Q 2.6

2.3  Please indicare e curmrent area of SRC N . A
Willow znd or Miscanthus on your fam SRC Willow () Miscautims ()
Statement Certainly  Probably  Unsure  Probably  Certainly
not not
2.4 Are ‘.'.O'.l in‘.e:ld:n_s o p._m_: ma:aﬁ‘.-?_c Willow a. o, a, g, 0.
oavyour fanu in the nexs 3 vaars
I3 - i ] - frzmameines
25 Are »?fim;e:d;nz 10 plant mozs Miscamchus on o = o o, o
vour farm in the next § years”
Now pleazezowo Q28
Plaaze answer Q 2.6 and Q 2.7 if vou arz not alrzady mowing SEC Willow cx
Miccanthus
Sratement Certainly  Probably  TUnture  Probably  Certainly
not not
16 Are "0.1 i:r.e:u_:tr._s I'D D:a,m SRC Willow on vour ds = o a, a.
farm in the pexr 5 vears?
2.7 Are vouinendme o plant Mizcantins on vour s ., 2, o, O-

farm in the paxt 3 vears?

Plaaze outline any chargas thar vou foresee o tha ares of SRC Willow avd or Miscentius on vour farm in the
nawt F vears, I no relevart chanzes pleass leave blank
28 Likely to ceaza

: Likelv incragse in e . - Likaly to stare
production plal:.r::i ::ia i Likely raduction of planred BT (ocate a5
(nckif 3 area (state as hectares) F Z !
appiicabie) hecrares) Lacrares)
29 SRC Wiliow j (az) (az) (az)
210  Miscamtbus =} (az) (az) (az)
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Section 3: Short Rotation Coppice (SRC) Willow

Starement Very Difficult  Tn:ure Eaxy Very
difficule EaLY

al How difficul: would it be to grow SEC Willow on
vour farm in the vext 3 years? a, = 3, 3, =N

How upereant ara the following o you?

Starement Unimportant  Not very No Important Verv
important _ opinion impaortant
.2 Geming 3 izh 2ross marzin fon: farns activines = p ) =} = =

33  Having a secwe income from famm activites = 4 a, = | = =N
, Ei.;;;.ur;;;:;;.ues fRET S0 i Wit 1Ly CrITert a 2. a, 2, 4.
35 Eﬂi\ﬁ acnvines thar give oo Zreater stabiline a a a, a, =
X ;—h;;f:s;cg activines for which tha paperwork is 3 O a a, a.
A7 Avoiding damage to field dras = i =1 2, = =
s Mawrsining the flawibiliny of tee farm busiass a =1 = i = =

Helpin kle climate cha “rot
39 ;fuliﬁim tackle climarte chanse through farm a a a, = a.
310 Growinz enargy crop: for local or or-famu s b= 2 2, 2 =
a1l K.npwmg tha lkaly costs and renums of a farm a. a. =], a, 2,

activity i F
312  Feducies tha mme I spacd on famuing acnvinas 3 = = = = R
313 Mamrmining 2 repular cashflow = = @, = N s

Do vou agre2 or disagree with rie following satements?
Starement Stronely Dizagres Unmiure  Agree  Strongly
Divngres Agree

314  Choosmg o plant (futher) SRC Willow en xy fane =1 3 = a o,

1 e next fiva vears would be a good decision = ’ s -
315  SRC Willow will mve a higk gross margin = = 8 = s =2
316 Growmng SRC Willow ro coamace will zive me 3 5 a. a a

STeatar iacome saciny

241



Statement Strongly 2 iy - Strongly
Disasree Ditazree  Unure Agree Asvee
317 Growing SRC Willow fits in with may cuarent
cropping pians o = = = =
318  Growns SRC Willow to coamace will zive me
sreatar sabiliny of wcoma 2 2 2 2 St
319  Iris easy ro do the papenwork required to zrow SRC
“riuc“. to conmact :-: : :: : :1‘.
320 SRC Willow root: will damaze feld drames = = = - =
321  Growins SRC Willow will reduce the flaxdbiliov of =] 3 = =)
th fapm busivess : . : i
3.22 Gfpmus le: 1’&":“.[\*3\' 15 a zood wav for famears 1o s a =) = 2.
belp mackle clomara chargs 3 >
323 SR.C Willow cou.‘L':f ba 3 zood sowrca of enecey for a, Sy a, a =
local or on-farmause
324  The Lkkely costs and rerarns of SE.C Willow are easy Q. a. = 2 2
to caloulate
3.25 (I“sm'.\_mg SRCisa good opg:-ammn to reduce te a. ) 5 a a.
fme spart o Enming scuvitdes
326 Growing SRC Willow wall disrupr ary cashflow Q, = = =
327  People whose cpinions I value think I should plan: = -
SRC Willow on moy farm in the nex: five vears " z
Quesrion Notatall Not very Don't Confident Very
confident confident Lmow confident
328 How confidert ars vou of being able to zrow
SRC Willow on vour fam i the next 5 vears? o, = 1 = = 8 =]
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Lisied below are a rumber of groups who might adwse en whether o~ not yeu should grew SRC Willzw cn your fam
nthe nexs five years?
Do yeu think trey wou o approve o dizapprovs of you growing 3RC Willow?

Strongly Disapprove  Unture  Approve Srronsly

= E Disapprove Approve
3.9 iumais clukbs a, 2. = 5 2,
330 Emizong SRC srowers a, a, a a. 2
331 Ocker fSanmess =¥ =) a, a 3,
332  SEC producer zraups a; =P = =1
133 .:'C'nl.'e:l companie: a. a, 8, a, a,
AR a, a, e, a a;
3.35  Defin = a 8 | =
336 Biomass Eperzy Cenma Q; 0, a; a ;
A SR = Q. a a =3
338  Asvononust a2 a, a, 2, =)
339 Ovmexparencs judsament Q. a & a a
340 Famly a, a. a. a o
341 Mlengbars of tha public = a a; 9 a,

Section 4, Personal information and furcher farm business information

41 Are vou Mzle Famuala
4.2 In whar vear were vou born?
- :.:‘;:;;E:]:s:::f fe:;::lf:;:nf Secordary Tachmicz] collage Crrversity
44 Dovou e vourself as av early

adopter of teclwclogy it vour Yes No Don't know

araa”
45 i-;:i-;e 0;:.. :j:l;jﬁd a snocessor 1o Tes *o “ayba
4.6  Towhar extent ars yon involvad

e businesses e by fapners Noratall Occasionzlly At avery oppornuucy

groups?

Dleaza indroate a approvmsr: A P

7 e :mm?ﬂa::‘f‘u_f of eds i gty Crver £100.000

agriculnaral products

243



.8 -—D_i'Ef.' k2 ‘;a‘a'. m.'ef vEars Las ¥our Sigpificanr  Modesace Brealrekil Modasuie lose Sigul.fuca:l:
farm mada 3 profiz or a loss? profir poofi lozs

49  Is your fanm bunsipess in debe? Nor at all Lightly Heavily
Approzimarely whar provomen i - e oo 3 :

410 of vour roral annual farm costs are L's’.. o erk <o e j' ‘];, D-:_vr Dot kaow

? 10% 20% 0% 400 0% 0%

‘fined coses?
Whar properrion of vour annnal

4.11  mcome 3s obtamed from the famm 100 Abour 73% About 50P Abour253%  Below 25%
business

Wou o you follow the sowice of the groups below in dec oing whether or notte grow perennis energy crops such as
SRC Willow or Miscanthus on your farm it the nest fve years?

Yerv Unlileelx TUniure Lilely Highly
wnlilely lilzelv
412  Famers chibs =} Gl =i 2 ="
413 Exunng SECMOscantbu: srowers o = o Q, =N
414 Other farme-s o = | =1 =2
415  SRLMscantkus producer sroups o = 1 iy m R 2
416 Power companes a, = a = =1
417 Farming press =] o o 7 b= 18
118 Defra a = 8 = § =y =,
4.19 Biomass Energy Cenma a; = 1 = 8 (= 8 s
420 XEFU = = |3 =N <, =
421  Asvonomust = (= 2, =H =3
4.22  Own expenenca judgement = o =T = s
423 Family &, &y = = s
424 Menibars of the public Q. = 13 = | =1l =
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Section 5: Miscanthus

Question Very Difficult  Un:ure Ea:y Very
difficult easy

How difficul: weuld it be to grow Miscanthus on vour
farm in the next § vears? a, a, 2, 3, P

Dio you azres or disasree with rhe following satements?

Statement Strongly Ditagres  Unsure Azree  Swrongly
Disagree Agree
82 Choosieg to plant (fiuther) Miscanthus on av fanm
i tha mext five vears would be a good decision £t = = 2 =
§3  Mizcanrhus will zive @ gk gross marzin = S 3. a 2,
54 Cmn";nj_a l&ecal.att:.la'tc.- conmact will zve me =P a = = a,
grearar income sacudcy
55 Gmr\jng 3-3-.: antbus £z inwith my cwmens = 5 a; a, a.
cropping plans '
846 ch'-uu; }Z@}cautl'.u‘z to conmact will zive me &, - = a a;
grearar sabiliny of ecoms
57 It 35 easy to do the papeswerk required to zrow . =]
Miscanthus o conmacs 2 = = 2 2
53 MMizcanrs roots will damaze feld drains = = b= = =}
59  Growing Miscantbus will raduce the flexibilicy of
T Gt s = | = = b= B
10 Growing Mizcanthus 13 a zood way for frars o .
help sackle cluare chargs 5 3 2 2 o
511 ?.Lficsnﬂms cun]d. ba & good sovace of sperzy for & a a. 3 a
local or on-farm use
512  The likelv cosms and rerums of Miscanrhus sre easy - a 3. o 2.
to calmulata ‘
5§13  Growing Miscantbus is a zocd cpporunity to 3 3 = 2
reduce the tme spert or fzmung scrivitas P ;
£14  Growins Mscancku: will distupr noy casaflow 2 - = =¥
515  People whose opinions I value rhink I skould plax: ; a. a. =) 3.
Mizcanthus on nry farm in the next five years o e . 0 3
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Listed below are 3 number cf groups who might adv se on whether 7 net you should grow Niscantrus on yeur fam

in the nex five years?
Cio you think trey wou ¢ approve or disapprove of you growing Miscanthus?

Strongly Disapprove  Unture Approve Stongly
Disapprove Approve
£.16  Fampers clubs =7 a2 3. =) ;i
8§17 Emizung Mizcanthus zrowars = a. a. a, =H
218  Odeer Jamess o= 11 = a =) A
£19  JMscanthus producer sroups =B a. a. o :'.
§20  Fower companie: = a = a 2.
821 Famming press = £ = =) =
222
§22  Defra =1 = = | =t
523 Siomass Zperzy Cenma . a. = a m
s XIS =1 = 2. a a
52§  Agrononpust 3 3 a = 2
£26 Ownexpenenca judsement :Lj a2 \ :j :‘ ::
8§27 Family a, = a, &l a;
£28  Mlembars of che public & =) a2 a =i
Quesrion Netarall Not very Don't Confident Very
confident confident Larow confident
529  EHow confidanr ars vou of baivg atle to srow
Miscanthus on vour fanm o the next 5 vaars? =iy = a. = | Q,

Secton 6: Comments

Plzase feel free 10 add any comunents

Feor funther informancn on this recearch visit wnnw toec-biosys ac uk
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There are a number of estimates of the land area that could potentially be dedicated to perennial energy
crops such as short rotation coppice (SRC) willow and miscanthus in the UK, but little is known about
how farmers will respond to the opportunities presented by these relatively novel crops. Perennial
energy crops face competition from other, arguably more flexible, uses of farmland, and if not seen as
attractive propositions to individual farmers, they will not be grown. Farmers' decisions are therefore a
key constraint on potential supply. This paper reviews the policy background and considers whether
policy is based on any consideration of likely supply response, before presenting outcomes of focus
groups composed of farmers who already grow or are considering growing perennial energy crops.
There appear to be a number of barriers to adoption. In addition to concerns over the security of
contracts, the current high wheat price increases the opportunity cost of committing land to perennial
energy crops. There are also worries about the impact of willow roots on field drains and the cost of
returning the land to other uses. This paper outlines a number of issues of importance to policy makers
and suggests future research needs.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction This paper will argue that for perennial energy crop feedstocks

such as short rotation coppice (SRC) willow and miscanthus, the

The twin concerns of climate change and energy security have
increased attention on renewable energy. In the UK, these factors
have combined with an agricultural reform process that has
highlighted the need for farmers to diversify away from
traditionally supported arable and livestock products. Accordingly,
the UK Government has in recent years demonstrated an
increasing enthusiasm for the use of biomass as a source of
electricity, heat and transport fuel. The UK Biomass Strategy
(Defra, 2007a) states the Government's intention to bring about a
major expansion in both the supply and use of biomass in the UK,
indicating that biomass will have a central role to play in meeting
the EU target of 20% renewable energy by 2020 (Defra, 2007a).

While the UK Biomass Strategy proposes an increase in the use
of biomass for heat, electricity and biofuels, beyond acknowl-
edging the 10% minimum share of biofuels target for 2020
(Council of the European Union, 2007) it does not include specific
@rgets for particular feedstocks or end uses. It does, however,
outline what the UK Government considers to be the potential UK
Supply of biomass feedstocks up to 2020.

T
Cmfpﬁnding author. Tel.: +441315354198; fax: +44 131667 2601.
E-mail address: chris.sherrington@sac.ac.uk (C. Sherrington).
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likely level of supply will be considerably below the theoretical
potential unless a number of barriers to their adoption by farmers
are overcome.

The paper adds to a growing literature on perennial energy
crops and the development of biomass energy in the UK, Europe
and beyond (Rosenqvist and Dawson, 2005; Skytte et al., 2006;
Charles et al., 2007). While there has been much focus on techno-
economic aspects and theoretical supply chain potential (Ander-
sen et al., 2005; Ericsson and Nilsson, 2006; Styles and Jones,
2007), broad stakeholder opinion (Upham and Speakman, 2007),
and wider public policy implications (Charles et al, 2007),
relatively little is known about how individual farmers will
choose to respond to the opportunities presented by these
relatively novel crops. Strawson (2005), writing from the
perspective of a farmer with land already committed to SRC
willow, and at a time when returns from alternative activities
were much lower than at present, offers a relatively upbeat
assessment of the potential attractiveness of the crop. However, in
the context of a significant and ongeing global rise in the price of
agricultural commodities such as wheat (FAO, 2007), a cha!ng_ing
agricultural policy landscape in the EU (European Cgmmnssaop,
2007), and a UK renewable energy support me_chamsm that is
under review (DTI, 2007a), it is important to gain an up-to-date
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understanding of farmers’ attitudes and behavioural intentions
towards the adoption of perennial energy crops.

The paper is structured as follows. The next section outlines
the framework for considering farm-level constraints, and is
followed by an introduction to UK biomass resources. A number of
estimates of the theoretical potential of perennial energy crops are
discussed, and compared with the recent level of adoption. There
follows an outline of the policies intended to stimulate the use of
biomass in the energy mix, along with details of farm-level
support for the cultivation of perennial energy crops. The results
of a series of focus groups with farmers discussing adoption of
perennial energy crops are then outlined, with consideration of
the implications of the findings for policy makers.

2. Frameworl for considering farm-level constraints on the
adoption of perennial energy crops

Perennial energy crops can be considered as a novel enterprise
for UK farmers both in terms of their cultivation, and in their
position at the interface between agricultural and energy policy.
This brings a greater number of uncertainties than exist with
conventional agricultural activities. Several authors have argued
that uncertainty is a key barrier to the successful uptake of
emerging renewable technologies such as biocenergy (Kemp et al.,
1998; Foxon et al., 2005), principally because it hinders the
fulfilment of entrepreneurial activities (Jacobsson and Bergek,
2004). In order for entrepreneurs to act, motivation needs to
outweigh perceived uncertainty. Therefore, identifying dominant
sources of uncertainty can deliver valuable insights for policy
makers (Meijer et al,, 2007).

In addition, many systems such as energy and agriculture are
characterised by lock in and resistance to change (Unruh, 2000),
through technological, institutional and social path dependency,
resulting in a variety of barriers for new innovations such as
energy crops and bioenergy (van der Laak et al., 2007). Much work
has been done in the field of Strategic Niche Management (SNM)
to identify what makes for a successful innovation, or to explain
the failure of other innovations (van der Laak et al., 2007; Raven,
2005). The level of analysis in SNM is typically a series of projects
such as pilot plants and demonstration plants, covering a
substantial number of projects over periods up to 30 years. This
yields useful insights for policy makers, and emphasises the
importance of shaping expectations of stakeholders, building
social networks, and of a good learning process (van der Laak
et al.,, 2007). In addition, lessons for policy makers can be drawn
from research into technological innovation in the energy sector. A
key insight here is that identifying market barriers that stand in
the way of widespread implementation of new technologies, and
then designing ways to overcome these, while concurrently
enhancing learning gains, are crucial to successful energy
innovation (Sagar and van der Zwaan, 2006).

Thus the identification of barriers to farmer adoption of
perennial energy crops, and how these may be overcome is of
key importance to policy makers intent on a significant increase in
the use of bicenergy in the UK.

For this study, the Theory of Reasoned Action (TORA) (Ajzen
and Fishbein, 1980) and its extension the Theory of Planned
Behaviour (TPB) (Ajzen, 1991) provide the conceptual framework
for exploring farmers' attitudes and intentions in respect of the
adoption of perennial energy crops. Both theories have been
widely used in agricultural research to understand barriers and
drivers to the adoption of new technologies and practices
(Garforth et al., 2004; Beedell and Rehman, 2000) and to estimate
the likely scale of adoption of particular activities (Mattison and
Norris, 2007).

The first stage of the research involves using focus aroups ty
gather a range of statements from farmers relating to their
attitudes to the adoption of perennial energy crops. It is the
findings from this first stage that are reported in this paper.

3. Potential biomass resources in the UK

There are a number of possible sources of biomass for energy
in the UK, including forestry, wood waste, conventional agricul-
tural crops such as wheat and oilseed rape, straw, perennial
energy crops, and agricultural waste (RCEP, 2004: Defra, 2007a),

To increase available biomass, Defra (2007a) favours obtaining
an additional 1 million dry tonnes of wood per annum from
woodland and wood waste, more use of manures and slurries, and
a substantial growth in uptake of perennial energy crops
such as SRC willow and miscanthus. Of these sources, it is the
anticipated change in levels of perennial energy crops that
is most dramatic. The technical potential of energy crops is
estimated to be 17.2 TWh' (1.48 Mtoe),* while current availability
is 0.07-0.09 Mtoe (Defra, 2007a). Such an increase would
represent an almost 20-fold increase in the level of supply, albeit
from a low level.

To reach the technical potential of perennial energy crops by
2020 (Defra, 2007a), would require 350,000 hectares (ha) of land,
which is roughly 6.5% of UK arable and set-aside land, assuming
an average annual yield of 9odt/ha® (Defra, 2007a). The Renew-
ables Innovation Review (DTI, 2003b) suggests this is a realistic
area once a number of constraints, including competition from
other marlkets, are taken into account.

Defra expectations for perennial energy crops are somewhat
lower than proposals from the Royal Commission on Environ-
mental Pollution (RCEP) biomass report (RCEP, 2004), Focusing on
the potential contribution of biomass towards a 60% reduction in
UK CO, emissions by 2050 (RCEP, 2000), it recommends that by
2050 up to 16 Gigawatts (about 12%) of UK energy should come
from biomass. To supply this, about 70 million tonnes of wood
would be required per year. If derived from energy crops at an
assumed average yield of 10 odt/ha/yr, this would need 7 million
hectares.

However, assuming the availability of a certain amount of
forestry material and straw, a scenario is outlined where the land
required for energy crops would rise from 1 million hectares in
2020 to 5.5 million hectares in 2050 (RCEP, 2004).

Other estimates include an assumption by the Carbon Trust
(2005) that 680,000ha (roughly equal to set-aside) could be
available for woody energy crops. This study notes that estimates
of the land area that could be used for energy crops vary greatly
emphasising the somewhat arbitrary nature of their assumption
(Carbon Trust, 2005).

The key feature of all these estimates is the assumptions about
farmer behaviour. They take for granted that sufficient farmers
will choose to grow perennial crops up to the level of the
constraints that they identify. However, this assumption does not
seem to be supported by experience to date.

Defra’s Energy Crops Scheme, which provides establishment
grants for SRC willow and miscanthus, along with support for
developing SRC producer groups, had a number of objectives for
the first period of the English Rural Development Programme
(ERDP) (2000-2006). These included the planting, by 2006, of
16,700 ha of SRC and 5000 ha of miscanthus in England (ADAS
2003). When the scheme closed to applications, in July 2006, only

' Terrawatt hours (one terrawatt is a trillion, or 10"2W).
? Million tonnes of oil equivalent.
3 Oven dried tonnes.
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1180 ha of SRC and 3356ha of miscanthus had been planted

(Defra, 2006a), representing 20% of the target level. This does,

however, mark an improvement over the uptake by the half-way

point in 2003, where only 2% of the SRC target and 3% of the

miscanthus target had been planted (ADAS, 2003).

~ More recently, there has been an increase in interest in the
payments, with applications for planting in 2007 due to take the
area of miscanthus to 12,627 ha, and SRC to 2600ha in England
(Defra, 2006a).

| In Scotland, the area planted or approved for planting up until
the end of 2006 is 300ha. Current applications for planting in
2007 and 2008 amount to around 600 ha (SAC, 2007). In Northern
Ireland, 400 ha of SRC have been planted or approved for planting
to date, and a further 410 ha have been approved for the 2007
planting year (DARDNI, 2007), while in Wales there is currently
40ha of SRC and 72 ha of miscanthus (Welsh Assembly Govern-

| ment, 2007).

 The current total area of energy crops in the UK is 15,546 ha for
SRC willow and miscanthus combined (Defra, 2007a).

4. Policies intended to stimulate the use of biomass in the UK
energy mix

41. Renewables Obligation

The Renewables Obligation (RO) is the UK Government's key
policy mechanism for increasing the proportion of electricity
derived from renewable sources. Under the scheme, there is a
mandatory requirement for UK electricity suppliers to source a
growing percentage of electricity from eligible renewable genera-
tion capacity. Suppliers are required to produce evidence of their
compliance with this obligation to the office of gas and electricity
markets (OFGEM). Evidence can be via certificates, referred to as
Renewable Obligation Certificates (ROCs), which are currently
worth approximately £47/MWh (NFPA, 2007).The target is 10% of
UK electricity from renewable sources by 2010, with an aspiration
to reach 20% by 2020 (DTI, 2007a). When introduced in 2002,
there was debate as to whether co-firing of energy crops® with
cal should be eligible for receiving ROCs. It was decided that co-
firing should be eligible, in order to stimulate the development of
energy crop supply chains (DTI, 2006b, Ilex Energy Consulting,
2003), but with restrictions, intended to prevent co-firing
swamping the market for ROCs. A 25% cap was placed on the
proportion of a supplier's obligation that could be met from co-
fired ROCs; from 2006 at least 75% of the biomass must be from
energy crops; and co-firing would cease to be eligible by 2011

However, the majority of co-firing has been of imported bio-
Wastes such as olive pits and palm kernels (IPA Consulting, 2006),
Wwhile energy crops represent less than 0.3% by weight of all co-
fired biomass.

In 2003, The Renewables Obligation (Amendment) Order
Statutory Consultation noted that minimal planting of energy
trops had taken place, with industry arguing that this was in part
due to overly restrictive rules on co-firing in the Obligation; in
Particular that co-firing should be permitted only until 2011 (DTI,
2003a). It was therefore recommended that the requirement to
to-fire a proportion of energy crops should be delayed from 2006

* An energy crop as currently defined by the office of gas and eIchﬁci_W
Markets (OFGEM) is a plant crop planted after 31 December 1989 grown primarily
the purpose of being a fuel or which is either miscanthus, SRC willow or SRC
Paplar (OFGEM, 2007). Thus annual crops such as wheat and rapeseed can be co-
d as energy crops as long as they are grown specifically for the purpose.
er within the RO the focus for co-firing has been on SRC willow or
Miscanthus (Ilex Energy Consulting, 2003).

to 2009 to allow more time for planting and cropping (DTI,
2003a).

In addition, the date for co-firing to be phased out of the RO
was postponed until 2016, and the energy crop requirements were
relaxed (25% requirement in 2009, 50% in 2010 and 75% in 2011).
Meanwhile the overall cap on co-firing was reduced (10% from
2006 and 5% from 2011) (DTI, 2006a).

The proposed changes were intended to enable the creation of
a market for energy crops of up to 680,0000dt per annum,
generating 1.26 TWh per annum, this being 75% of the 5% of the
Obligation in the period 2011-16 (DTI, 2003a). By amending the
start and end-dates for energy crop co-firing, it was intended to
allow farmers three full cropping cycles for SRC planted in the
spring of 2005 making this a much more attractive option in
terms of establishing a market for energy crops (DTI, 2003a).

It was, however, argued at the time that extending the
eligibility of co-firing would not provide the necessary stimulus
to energy crop development, and that co-firing would likely
displace investment in specialist energy crop combustion plants
(Campbell Carr, 2003).

In the run up to the introduction of the 10% cap in April 2006, a
number of concerns were raised about a ‘cliff-edge’ in co-fired
ROC prices. This was cited as a reason why independent
generators, in particular, had failed to sign up to long-term supply
contracts with farmers (Pdyry Energy Consulting, 2006). In
addition, the impending lowering of the cap raised concerns
about reducing the contribution of co-firing to the abatement of
CO, emissions from fossil fuel plant. With the Government
considering electricity generation from coal likely to remain an
important part of the overall generating mix, it was considered
appropriate to abate carbon emissions from coal fired plant as
much as paossible (DTI, 2006b). A report commissioned by the UK
Government (Themba Technology, 2006) found that greenhouse
gas (GHG) emission reductions from co-firing can be substantial
for a very wide range of biomass fuels, whether UK-based or
imported, and including both biomass residues and energy crop
feedstocks (DTI, 2006b).

The report also found that waste or co-product materials tend
to have lower GHG emissions per unit of energy over their
lifecycle than dedicated energy crops (Themba Technology, 2006),
leading to calls for a removal of government subsidies for
dedicated energy crops along with the minimum requirement
for energy crops as part of the co-firing cap (Scottish and Southern
Energy, 2006). This position has not gone unchallenged; a critique
of the Themba report has argued that a number of assumptions
lead to a significant underestimate of the sustainability benefits
derived from energy crops, particularly SRC (Alker and Miller,
2006).

As a result of the Themba analysis, and following stakeholder
consultation, the Government announced in the Energy Review
Report that co-firing should be encouraged to play a long-term
role in reducing the carbon emissions from fossil fuel plants (DTI,
2006h). Thus, there has been a change in emphasis from co-firing
being necessary to bring on the development of energy crops, to
co-firing itself being an important source of reducing carbon
emissions.

A further amendment to the RO has meant that since April
2007, ROCs awarded for the co-firing of energy crops do not
contribute to a supplier's 10% co-firing limit (DTI, 2007a). It was
argued that this would create an additional market for energy
crops and so remove the need for the minimum energy crop
percentages that would have been required from 2009 onwards
(Lords Hansard, 2007). However, this has been met with
scepticism and disapproval from a number of representatives of
suppliers of energy crop feedstocks (Country Land and Business
Association, 2006; Bical, 2006).
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At present the RO is ‘technology neutral’, awarding ROCs for
every MWh of electricity produced from any eligible renewable
source. This is subject to change following a consultation where it
is proposed that ‘banding’ be introduced from April 2009 to
provide varying levels of support to different technologies. This is
to encourage a greater diversity of renewable technologies and
give greater support for those technologies that are currently less
cost-effective. Under the amended Obligation, the cap on co-firing
will be removed, 1 ROC will be awarded for every MWh from co-
firing energy crops, while 2 ROCs will be awarded for every MWh
from energy crops in dedicated biomass burners or in combined
heat and power (CHP) (DTI, 2007a). Co-firing of regular (non-
energy crop) biomass, considered an established technology, will
receive a reduced level of support of 0.25 ROCs per MWh.

It is unclear whether these changes will provide sufficient
stimulus for the development of a domestic supply of SRC and
miscanthus. It is argued by the National Farmers’ Union (NFU) of
England and Wales that the minimum percentage requirement for
energy crops is the most effective way to create long-term
demand, and that relying on differential ROC banding provides a
less secure market and thus less incentive for farmers to plant a
long-term crop (NFU, 2006).

A further question is whether energy crops used for co-firing or
in dedicated plant will actually be SRC willow and miscanthus, as
the precise conditions required for a crop to count as an energy
crop under the OFGEM definition are still subject to some
uncertainty {Rosillo-Calle and Perry, 2006).

The NFU is keen that the OFGEM definition of energy crops
should not restrict the use of annual crops, and they argue that it
is absurd that a crop used to produce biofuel under the Renewable
Transport Fuels Obligation (RTFO) could have its co-product
classified as not being an energy crop under the RO if evidence
was not available to demonstrate that it was always intended for
energy use (NFU, 2006). Scottish Power believe the definition of
energy crops should be extended to include all energy crop types
such as wheat and other grains (Scottish Power, 2006).

Indeed, a DTI report suggests that while most energy crops
planted are SRC and miscanthus, ‘future expansion will probably
occur with annual crops, which have the advantage of being much
more compatible with agricultural practices and are finding
considerable favour with farmers/growers' (DTI, 2007b).

As far as the RO is concerned, it does appear that despite the
recent banding proposals, the development of supply chains for
miscanthus and SRC willow, once a key aim within the RO, has
become a lower priority.

4.2. Climate change levy

In addition to funding received through the RO, generators of
renewable energy receive a levy exemption certificate (LEC) from
the Climate Change Levy (CCL) for each MWh of renewable
electricity produced. This provides an additional, albeit smaller,
revenue stream of £4.3/MWh, although the amount received by
the generator is subject to a supplier margin and is typically lower
than this (Carbon Trust, 2006).

4.3. European Union Emissions Trading Scheme

The European Union Emissions Trading Scheme (EU-ETS) also
provides a source of income whereby the use of biomass can
count as an emissions saving for installations taking part in the
scheme. The value of the carbon savings varies with the emissions
cap and level of compliance, but will improve the cost-effective-
ness of measures such as switching to biomass heating in

industrial units or co-firing in fossil fuel plants (Rosillo-Calle
and Perry, 2006).

4.4. Renewable Transport Fuel Obligation

The RTFO is due to commence in April 2008, and will require
suppliers of transport fuels to ensure that a certain proportion s
derived from renewable sources such as biofuels. The level of the
RTFO will reach 5% by volume by 2010, with the obligation levels
in the years 2008/09 and 2009/10 set at 2.5% and 3.75%
respectively (Department for Transport, 2007).

it is suggested that the targets will be met both by imports and
a proportion of domestically grown wheat and oilseed rape (Defra,
2007a). If more efficient second generation biofuels derived from
woody crops become available by 2020, as is expected by Defra
(2007a), this could provide a stimulus for SRC willow and
miscanthus production.

5. Current support for farmers growing dedicated energy
crops

A number of grants have been available to farmers throughout
the UK for the establishment of SRC willow and miscanthus with
an energy end use in mind.

In England, the Energy Crops Scheme (ECS) under the
2000-2006 England Rural Development Programme (ERDP)
offered £1000/ha for SRC willow and £920/ha for miscanthus,
This scheme closed to applicants in the summer of 2006, but 2
new ECS, offering establishment grants only, will be available
under the Rural Development Programme for England (RDPE)
2007-2013. This has now opened for applications although grants
are not currently available as the European Commission has yet to
approve the RDPE (Natural England, 2007).

In Scotland, SRC willow has been eligible for payments of
£1000/ha under the Scottish Forestry Grants Scheme. Applications
for this scheme closed in December 2006. The level of funding and
other details of the new Scottish Forestry Grant Scheme remain
dependent on the outcome of the UK's discussions with Brussels
over the Rural Development Programme (SAC, 2007).

In Wales an establishment grant for SRC willow has been
available to landowners through the Forestry Commission
administered Woodland Grant Scheme, but at only £600/ha, the
grants levels are considerably lower than those available else-
where. This scheme closed to new applicants in 2006, and no
more establishment grants are available for SRC at present (Wales
Biomass Centre, 2007).

In Northern Ireland, a 3 year Challenge Fund was established
for SRC willow in 2004. The average rate of assistance is £1920/ha.
The Fund has now closed to new applicants, but a successor
programme of support for the continued development of SRC
willow is being sought (DARDNI, 2007).

In addition, since 2004 payments to landowners of up to €45/
ha (depending on the uptake of the scheme across the EU) have
been offered through the CAP under the Energy Crop Aid Scheme
for energy crops (including conventional crops such as wheat and
oilseed) that are not grown on set-aside, which have an end-user
contract, and which provide a security deposit of €60/ha (RPA
2007).

6. Focus group methodology

Against this background of farmer uncertainty, and as the first
stage in a two part Theory of Planned Behaviour (TPB) stuq}’
{(Ajzen, 1991), this study considered the range of potential
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attitudes using a focus group approach. Focus groups are
distinguished from other methods of group interviewing, such
a5 ‘brainstorming’ or Delphi groups, by the explicit use of the
group interaction to produce data and insights that would be less
accessible without the interaction found in a group (Morgan,
1988). According to Morgan (1988) ‘focus groups are useful when
it comes to investigating what participants think but they excel at
uncovering why participants think as they do’.

Focus groups have previously been used for TPB studies
(Beedell and Rehman, 2000; Garforth et al,, 2004), as they have
the advantage of enabling data from a group of people to be
gathered more quickly than through individual interviews, and
they also permit the researcher to immediately follow-up
participant statements in order to clarify responses.

However, there is also the risk that some participants may
dominate proceedings, leading more reserved members to hold
back. It must also be borne in mind that the small number of
participants mean that findings cannot necessarily be generalised
to wider populations. It is for this reason, as in this case, that focus
groups are often used as a preliminary stage in a larger research
programme that includes a more representative survey of the
population (Walker, 1985).

Three groups, held in Thame (Oxfordshire), Bawtry (Nottin-
ghamshire) and Scotlandwell (Fife), took place between Novem-
ber 2006 and January 2007. The locations were chosen for
proximity to existing or proposed co-firing or dedicated
biomass power plants. Participants were sought through a
number of channels (producer groups, Farming and Wildlife
Advisory Group (FWAG), National Farmers’ Union of England and
Wales (NFU) and SAC advisory service) with the intention being to
get a broad mix of existing and potential growers of miscanthus
and SRC willow.

An independent consultant facilitated the discussions, working
through a series of broad open-ended questions intended to elicit
information on the factors which influence the uptake of
dedicated energy crops by farmers. The focus groups typically
continued for between 90 and 120min. The discussions were
recorded and the output analysed by two researchers, grouping
responses into the key themes reported below.

7. Findings from focus groups

Thirty-one people attended the focus groups including 28
farmers, two producer group representatives, and a power
company consultant. Sixteen farmers had had experience of
growing SRC willow with over half of these attending the Bawtry
meeting. Several of these growers originally had contracts with
the failed Arbre scheme that was to supply the Eggborough power
station in 2000. But the company behind that project rolded in
2002, making 40 people redundant and leaving farmers with acres
of half-grown coppicing plantations on their hands.

In total only two farmers had experience of growing mis-
canthus, and thus the discussions were more focused on SRC
willow. The area of land in energy crop production on these farms
ranged from approximately 5 to 250ha, with a median area of
15ha. Four farmers had more than 25ha in energy crop
production, and of these two had an area greater than 100 ha.

7.1. Motivation to grow energy crops

There was broad consensus that the principle factor affecting a
farmer’s decision to grow energy crops or not was the perception
of potential financial returns. In this respect the contracts
available to growers under the original Arbre scheme were said
to have been relatively attractive.

Another factor related to personal or ideological beliefs about
climate change and fossil fuel dependency. Many of the farmers
thought that growing energy crops was fundamentally a ‘good’
thing, whilst at the same time it was widely thought that such
concerns would be a stronger driver in energy crop production in
the future.

However, current uncertainty about the financial viability of
energy crops appears likely to limit uptake in the short-term
despite many farmers being supportive of the underlying
principles. A widespread belief was that returns would improve
over time, as the government is forced to increase incentives for
growing energy crops as part of its programme to tackle climate
change. Indeed many of the farmers growing energy crops appear
to have speculated that by getting involved at an early stage they
will be well placed to benefit later on.

A further factor mentioned by older farmers was the desire to
maintain farm production while scaling back daily involvement.
In this respect contracting out the entire energy crop production
process was seen as attractive.

7.2. Perceptions of financial returns

The prices currently paid for energy crops are felt to be low. A
key point is the comparison of returns with those from alternative
crops or land uses. With wheat having risen dramatically (from
£60/t in early 2006 to around £90/t in the second half of the year),
the returns available look even less appealing. Within the groups
there was much speculation (and some excitement) as to how
high the wheat price might go. In this context it was maintained
that farmers were very unlikely to sign long-term contracts for
willow at the prices currently on offer. Wheat prices are higher
still in 2007, with London's November wheat futures closing
recently at over £140/t (Farmers Weekly, 2007).

The majority of farmers felt that it was difficult to calculate the
returns from energy crops due to uncertainty over costs, potential
yields and prices. In comparison farmers were very aware of
returns from conventional crops and at what prices and yields
they would be profitable. The lack of a mature, fully developed
market with clear prices was part of the problem, with a perceived
lack of transparency. At present, farmers feel they have little
choice but to sell to the power stations for co-firing, where they
believe they will always receive the lowest price as the power
stations act as ‘middle men’ in the supply of energy to consumers.

The preferred situation (thought to be the most profitable) for
the farmers would be to ‘supply kilowatts of heat rather than
kilograms of wood' to local schools and hospitals, thus capturing
more value through the development of a vertically integrated
business. This market is currently very underdeveloped in the UK
and reliant on investment in biomass boilers and combined heat
and power (CHP) plants. It is interesting to note that this market
has perhaps the greatest potential in terms of cost-effective GHG
savings. Nevertheless, there was acknowledgement that powers
stations had a role to play in developing a market for energy crops.

7.3. Grant support

Very few farmers said they would consider growing energy
crops without the establishment grant, due to the high upfront
capital costs and uncertainties over resulting net income. Indeed
it was thought that net income would almost certainly be
negative at current market prices without grant support. New
applications to the English Energy Crop Scheme have been
suspended since july 2006 with farmers uncertain as to when
these grants will reappear, and expecting grant levels to be lower
than previously available. It was felt these issues send poor signals
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to potential growers, particularly as establishment costs are
unlikely to fall significantly in the near future.

The payments of up to €45/ha (on non-set-aside) under the EU
Energy Crop Aid Scheme did not seem to be an important factor in
encouraging uptake, as payments are low in comparison to
establishment costs. In principle, however, the additional financial
support was welcome. Anecdotal evidence suggests that the
administrative requirements for claiming the Energy Crop Aid can
be frustrating for farmers due to interaction of claims made under
the Single Payment Scheme and the requirement for the processor
to lodge a €60/ha deposit.

An important aspect of energy crop production is that
producers have high establishment costs yet no income until
the first harvest after 4 years. One suggestion made at the
discussion groups was that grant monies could be targeted at this
period to resolve cash flow problems which may otherwise limit
crop uptake.

7.4. Contracts with power stations

There was recognition that with the nature of the cropping
cycle, farmers and end-users would continue to rely on contracts,
particularly with limited alternative markets for dedicated energy
crops (SRC in particular, as miscanthus has alternative uses, e.g.
for animal bedding). However, farmers were sceptical that prices
offered by power stations would be sufficient to encourage
significant uptake. Many believed energy crop prices were
calculated when wheat was at £60 per tonne and had failed to
rise sufficiently since then. Some felt contracts allowed for lower
prices to be paid than they had been led to believe. There was also
concern about a farmer’s ability to enforce contracts if the end-
user decided they did not want the crop or would only pay a lower
price. Nevertheless, there was widespread acceptance that co-
firing offers a lifeline to energy crop growers and in many cases
constitutes the only viable market.

There was a belief that power stations were motivated
primarily by renewable energy obligations and did not really
want to use SRC to meet these, as it was more expensive than
alternative co-firing feedstocks from forestry or imports. It was
also felt that power stations were wavering in their commitment
to SRC due to potential changes in the RO rules relating to co-
firing. This would seem to tally with the expressed opinions of a
number of generators who would rather have freedom to co-fire
whatever feedstock they choose (Scottish and Southern Energy,
2006; Scottish Power, 2006), and suggests that removing the cap
on energy crops could result in demand from co-firers declinin
significantly. \

7.5. Markets

The ‘chicken-and-egg’ problem facing market development
was identified as an important issue. Farmers have few incentives
to grow energy crops without the existence of competitive
markets, and potential users have little incentive to invest
in the technologies necessary to develop these markets if supply
is both limited and uncertain. Many farmers felt that the
government must play a significant role to stimulate demand
through, for example, providing grants to local authorities,
hospitals, schools and businesses to install biomass boilers.
Equally it was felt that once a ‘critical mass' of energy crop
growers had been established, this would increase confidence in
energy crop supply, thus prompting more widespread develop-
ment of markets. Growers perceive that without intervention to
stimulate this market then it may take a long time for this ‘critical
mass’ to be achieved.

There was also broad recognition that producer groups and co-
operatives could play a key role in establishing new markets, a5
end-users are unlikely to deal with individual growers. Loca|
markets for heat and for CHP were thought to have the most
potential to be profitable by allowing farmers to deal directly
(through co-operatives or producer groups) with the end-users,

Farmers were keen to stress that development of a mature
market for energy crops, would be preferable to a culture of
‘handouts’. However, it was conceded that, unless or until, higher
energy prices make production more competitive than alternative
land uses, subsidies (direct or indirect) would be required for
energy crop production to become more widespread. Farmers
pointed to Sweden, Germany and Austria as places where markets
appear to have developed successfully, and felt that policy makers
could learn lessons from the experience gained in these countries,

7.6. Producer groups and co-operation

Co-operation between farmers was seen as essential if new and
more profitable markets are to be developed. It was noted that,
historically, crop production has not resulted in significant levels
of co-operation between farmers. Areas where co-operation
should bring benefits include the sharing of experiences on
establishment, management, harvesting, processing and market-
ing of the crops, and collective purchasing of required machinery.

The importance of producer groups was acknowledged, but
with awareness that they may not be the most impartial sources
of information on energy crop production. The main concerns
related to information on potential costs and returns and the more
problematic aspects of production. In practice, however, producer
groups appeared to enjoy good relationships with most producers
and as a result this was not a major issue.

7.7. Type of land used to grow energy crops

Energy crops are more likely to be grown on a farm’s least
productive land, including arable land, set-aside and permanent
pasture taken out of dairy production or currently in grass lets.
This reflects the speculative nature of much energy crop
production. Several more experienced growers stressed the direct
relationship between yields and land productivity, although crop
management was also important. Some arable farmers expressed
interest in growing energy crop on permanent set-aside land to
generate additional income. However, this land tends to be the
least productive of a farm’s arable land with low yield expecta-
tions. Recent European Commission proposals mean set-aside is
likely to be suspended in the UK in 2008, with much speculation
that it will be scrapped, at least in its current form. These
developments will clearly have an effect on the potential for
future uptake of energy crops on set-aside.

For most growers, energy crops are a diversification rather than
a primary farm enterprise. A small number of farmers had put
most or all of their land into energy crop production, which had
enabled them to retire or focus on other activities such as
contracting. At the moment farmers appear reluctant to use their
most productive land for energy crops, but it was stressed that
this was linked to the perception of their poor profitability. In
principle, many farmers may be willing to consider growing
energy crops on more productive land, providing that agronomic
conditions are suitable and they have confidence that energy crop
production will be competitive in the long term. Essentially if
returns from energy crop production were to be equal to or better
than alternative uses, there appears no reason why uptake of
energy crop production on all suitable types of land would not
increase. However this seems unlikely in the short term, and one




can speculate about the longer term opportunity costs of energy
crop land uses, given rapidly increasing food demand from China
| and India.

| The perceived negative impact of SRC roots on field drainage
l can be an important factor in the decision whether or not to grow
energy crops. It was interesting that these concerns tended to
come from potential growers rather than experienced ones; the
latter group suggesting that careful site selection could prevent
this from becoming a serious issue. Furthermore, it is unclear to
what extent SRC damages field drainage above and beyond
natural deterioration. Nonetheless, at least one producer group
advises growers not to grow SRC where there are shallow drains
(Thames Valley Bioenergy Coppice, 2007).

The uncertain cost of returning land to alternative production
was also a concern expressed by a number of farmers. Some
existing growers suggested that it would not be too expensive or
difficult; although no one had direct experience.

7.8. Farm business impacts

Most farmers said they would need to hire contractors for SRC
establishment and harvesting due to the expense of purchasing
specialist equipment. For miscanthus it was felt that existing farm
equipment might be suitable. Some already make extensive use of
contractors in other aspects of their businesses, and therefore
using energy crop contractors would have little impact on the
farm structure. However, for those farmers who have not
traditionally made use of contractors this may be an issue. It
was also suggested that growing energy crops could provide an
opportunity to reduce fixed costs associated with machinery and
labour, thus allowing farmers to engage in other on- or off-farm
activities. Some growers have restructured to such an extent that
they have become the providers of energy crop contracting
services to other growers.

7.9. UK farming sector impacts

There was unanimous agreement that the development of
energy crops could only be good for the UK farming sector, as long
as farmers could make a profit from growing them. It was thought
that the impact of taking land out of production from other
agricultural commodities would have the effect of pushing up
prices in general and thus benefiting UK agriculture. Several
farmers reported that their neighbours had expressed interest in
growing energy crops if financial viability could be demonstrated.

7.10. Environmental impacts

Several farmers with experience of growing energy crops felt
that SRC offered clear biodiversity benefits, but that these were
not widely recognised by environmental groups and government
bodies. Farmers were receiving mixed messages both from
different organisations and on occasions from different indivi-
duals within a single organisation. Most farmers felt further
research would be useful to clarify the impact of energy crops on
biodiversity so that a more consistent message can be given.

A number of farmers believed that the public were supportive
of them growing energy crops, seeing it as a positive way of
tackling climate change. Public concerns over the landscape and
visual impacts of energy crops were not thought to be significant
at present, but opposition may occur if large-scale planting were
to take place. Several farmers were keen to point out as an
example that initial public reaction to oilseed rape had been
Negative but that public perceptions were no longer hostile.
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The potential for willow to provide environmental services
such as water purification on floodplains through the uptake of
excess nutrients such as nitrogen was identified. Use of sewage
sludge on energy crops was cited as having the twin benefits of
providing a safe disposal of waste outside the food chain and
acting as a source of nutrients for the crop.

7.11. Sources of information and information gaps

A leaflet on short rotation coppice available from Defra (2006b)
had been useful in general terms, although several farmers
complained that staff at Defra and the Rural Payments Agency
had not been able to provide any further information. For many
farmers, producer groups had been the main information source.
Farmers also received information from power companies and
agronomist services contracted to these companies. However,
none of these sources were considered to be comprehensive.

Established growers said much of their knowledge was from
personal experience and sharing information with other farmers
through producer groups and co-operatives. Site visits and talking
to growers were also mentioned as a good way for farmers to find
out about the practicalities of energy crop production. It was
stressed that there was a need for information that was clearly
independent, objective and practical.

None of the farmers had obtained information from the NFU,
traditional agronomists, farm advisors or the Biomass Energy
Centre; recently set up by the Forestry Commission in response to
the findings of the Biomass Task Force. It was reported that the
Biomass Energy Centre had actually approached a number of the
growers and producer groups from the Bawtry Focus Group in
order to obtain information about energy crops.

Several farmers noted a lack of UK (or indeed Scotland)-specific
information on growing energy crops, and where information
could be found it was not comprehensive and quite fragmented.
One farmer suggested that a simple crib sheet with step-by-step
details of each stage in the production cycle (establishment,
management and harvesting of the crop), as well as details of all
administrative requirements, would be helpful. A key gap was also
identified in relation to marketing and end uses of energy crops,
including information on installing biomass boilers both for on-
farm and local energy uses.

It was thought that clear, practical information from impartial
research organisations, disseminated through the Biomass Energy
Centre, had the potential to complement information provided by
producer groups.

8. Conclusion

While participants express optimism about the future of
energy crop production, there are clearly several barriers to
widespread adoption. Key among these is financial returns, and
the fact that competing activities are much more rewarding—in
particular, wheat and oilseed rape, with current high prices partly
driven by demand for liquid biofuels. This raises an important
policy issue relating to the cost of abating carbon emissions. Using
perennial energy crops for heating is typically a very cost-effective
use of biomass to reduce carbon emissions, whereas transport
biofuels from grain or oilseed is a much more expensive approach
(Carbon Trust, 2005; SAC, 2005).

While the forthcoming RTFO will provide a continued
incentive to grow wheat and oilseed rape for biofuels, there is
no such support mechanism for renewable heat. The focus on
renewable electricity, and more latterly transport fuels, to the
exclusion of renewable heat is a concern to both the Royal
Commission on Environmental Pollution and the Biomass Task
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Force (RCEP, 2004; Biomass Task Force, 2005). While the RCEP
proposed a ‘Renewable Heat Obligation’, the Biomass Task Force
considered this unworkable, favouring instead a grant programme
for boilers, subsequently adopted by Defra as Round 3 of the Bio-
energy Capital Grants Scheme (Defra, 2007b). As indicated,
farmers believe such grants crucial to create a local demand for
renewable heat, which they see as the most profitable future
outlet for energy crops.

While successful development of local markets should go some
way to increasing returns to farmers and providing reassurance
that someone will be able to take the crop at a competitive price,
at the current time, planting grants and contracts are still
required. There is a need to increase farmer confidence in the
contracts, be it perhaps through government underwriting or
some form of insurance. An early decision on the establishment
grant would also be welcome by farmers as it would mean one
less uncertainty.

Finally, farmers need trusted information to make decisions,
which predominantly come down to financial considerations at an
individual farm level. The issue of SRC roots potentially damaging
field drains is a good example where the farmer needs to know
how likely this is to happen in his case, and if so, how much it
would cost to rectify. It seems that the Biomass Energy Centre,
although currently still building up knowledge, is in a good
position to become the leading authority.

In terms of further research, there is a need to identify energy
crop adoption intentions from a much larger range of farmers.
Following from the focus groups, a postal survey based on the
Theory of Planned Behaviour (Ajzen, 1991) will be issued to
establish the likely wider extent of adoption, as well as identifying
the relative importance of drivers and barriers highlighted by the
groups. This will enable a better understanding of how policy
makers could tackle the specific issues that limit the potential of
dedicated energy crops in the UK.
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ABSTRACT: The UK Biomass Strategy suggests that to reach the technical potential of perennial energy crops such as
short rotation coppice (SRC) willow and miscanthus by 2020 would require 350,000 hectares of land. This would
represent a more than 20-fold increase on the current area of 15.546 hectares. The decisions of individual farmers
whether or not to grow these crops are therefore a key potential constraint on supply. A postal survey using the social
psychology technique the Theory of Planned Behaviour was used to assess behavioural intentions, attitudes. subjective
norms, and perceived behavioural control towards the adoption of perennial energy crops. Results suggest that uptake
will be minimal unless a number of barriers to adoption are overcome. These include the perceived lack of security and
stability of income from contracts. disruption to cashflow. and reduction in the flexibility of the farm business.

Keywords: agriculture, barriers to bioenergy, energy crops

1 INTRODUCTION

The twin concerns of climate change and energy
security have increased attention on renewable energy. In
the UK. these factors have combined with an agricultural
reform process that has highlighted the need for farmers to
diversify away from traditionally supported arable and
livestock products. Accordingly. the UK Government has in
recent years demonstrated an increasing enthusiasm for the
use of biomass as a source of electricity, heat and transport
fuel. The UK Biomass Strategy [1] states the Government's
intention to bring about a major expansion in both the
supply and use of biomass in the UK. indicating that
biomass will have a central role to play in meeting the EU
target of 20% of renewable energy by 2020 [1].

While the UK Biomass Strategy proposes an increase
in the use of biomass for heat, electricity and biofuels,
beyond acknowledging the 10% minimum share of biofuels
target for 2020 [2] it does not include specific targets for
particular feedstocks or end uses. It does, however, outline
what the UK Government considers to be the potential UK
supply of biomass feedstocks up to 2020.  These
feedstocks include forestry. wood waste, conventional
agricultural crops such as wheat and oilseed rape, straw,
perennial energy crops such as short rotation coppice
(SRC) willow and miscanthus, and agricultural waste [3.
1].

To increase available biomass, Defra [1] favours
obtaining an additional 1 million dry tonnes of wood per
annum from woodland and wood waste, more use of
manures and slurries. and a substantial growth in uptake of
perennial energy crops. Of these sources, it is the
anticipated change in levels of perennial energy crops that
is most dramatic. The technical potential of energy crops is
estimated to be 17.2 TWh (1.48 Mtoe), while current
availability is 0.07 - 0.09 Mtoe [1]. Such an increase would
represent an almost 20-fold increase in the level of supply.
albeit from a low level.

To reach the technical potential of perennial energy
crops by 2020 [1] would require 350.000 hectares (ha) of
land, which is roughly 6.5% of UK arable and set-aside
land, assuming an average annual yield of 9 odt/ha [1]. The
Renewables Innovation Review [4] suggests this is a

realistic area once a number of constraints, including
competition from other markets are taken into account.

The key feature of this, and other estimates of future
perennial energy crops supply [3. 5] is the assumption
about farmer behaviour. It is taken for granted that farmers
will choose to grow perennial energy crops up to the level
of the constraints that they identify. However, this
assumption does not seem to be supported by experience to
date.

Defra’s Energy Crops Scheme, which provides
establishment grants for SRC willow and miscanthus,
along with support for developing SRC producer groups,
had a number of objectives for the first period of the
England Rural Development Programme (ERDP) (2000-
2006). These included the planting, by 2006, of 16.700 ha
of SRC and 5000 ha of miscanthus in England [6]. When
the scheme closed to applications, in July 2006, only 1180
ha of SRC and 3356 ha of miscanthus had been planted [7].
representing 20% of the target level. This does, however,
mark an improvement over the uptake by the half-way
point in 2003, where only 2% of the SRC target and 3% of
the miscanthus target had been planted [6].

More recently there has been an increase in interest in
the payments, with applications for planting in 2007 due to
take the area of miscanthus to 12.627 ha, and SRC to 2600
ha in England [7].

In Scotland the area planted or approved for planting
up until the end of 2006 is 300 ha. Current applications for
planting in 2007 and 2008 amount to around 600 ha [8]. In
Northern Ireland, 400 ha of SRC have been planted or
approved for planting to date, and a further 410 ha have
been approved for the 2007 planting year [9]. while in
Wales there is currently 40ha of SRC and 72 ha of
miscanthus [10]. The current total area of energy crops in
the UK is 15,546 ha for SRC willow and miscanthus
combined [1].

This paper adds to a growing literature on perennial
energy crops and the development of biomass energy in the
UK. Europe and beyond [11. 12, 13]. While there has been
much focus on techno-economic aspects and theoretical
supply chain potential [14, 15, 16]. broad stakeholder
opinion [17] and wider public policy implications [13].
relatively little is known about how individual farmers will
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respond to the opportunities presented by these relatively
novel crops. Strawson [18]. writing from the perspective of
a farmer with land already committed to SRC willow. and
at a time when returns from alternative activities were
much lower than at present. offers a relatively upbeat
assessment of the potential attractiveness of the crop.
However, in the context of a significant and ongoing global
rise in the price of agricultural commodities such as wheat
[19], a changing agricultural policy landscape in the EU
[20]. and a UK renewable energy support mechanism that
is under review [21], it is important to gain an up-to-date
understanding of farmers' attitudes and behavioural
intentions towards the adoption of perennial energy crops.

This paper will show that for perennial energy crop
feedstocks such as SRC willow and miscanthus, the likely
level of supply will be considerably below the theoretical
potential unless a number of barriers to their adoption by
farmers are overcome. The paper is structured as follows.
The next section outlines the framework for investigating
the behavioural intentions of UK farmers fowards the
adoption of perennial energy crops, followed by a
description of the survey technique. The results are then
presented. with the subsequent discussion looking at the
implications of the findings for policy makers.

2 THEORETICAL APPROACH

The Theory of Reasoned Action (TORA) [22] and its
extension the Theory of Planned Behaviour (TPB) [23]
provide the conceptual framework for investigating the
attitudes and intentions of farmers towards the adoption of
perennial energy crops. Both the TORA and the TPB have
been widely used in agricultural research to understand
barriers and drivers to the adoption of new technologies
and practices [24. 25, 26] and to estimate the likely scale of
adoption of particular activities [27].

According to the TORA, the intention to adopt a
particular behaviour is a function of attitudes towards the
behaviour and the subjective norm, that is the extent to
which one is influenced by the views of other people
regarding the behaviour [22].

Attitudes are a product of the extent to which one
expects the behaviour to result in specific outcomes
(outcome beliefs) and the importance of those outcomes
(outcome evaluations). The subjective norm is a function of
the perceived support of salient referents (people to whom
respondents might turn for advice) towards the behaviour
(subjective beliefs) and the motivation to comply with
those beliefs. The TORA claims that the intention to
perform a particular behaviour is a reliable indicator of
actual future behaviour if the expressed attitude towards
this behaviour and/or the perceived social pressure to do so
correlate closely with the stated infent. A comparison of the
strength of correlation of the attitude and subjective norm
with the stated intent towards the adoption of SRC willow
or miscanthus indicates which of the two components has
greater influence on the farmers' decision relating to the
adoption of these crops [22].

Theoretical developments in social psychology led to
the Theory of Planned Behaviour (see Figure 1), an
extension of the TORA that incorporates ‘perceived
behavioural control' as a measure of the extent to which
people believe they are able to control the outcome [23].

This followed studies suggesting that TORA performed
poorly where the perceived efficacy of achieving the
expected result was low - in which case the behaviour
would not be attempted regardless of the strength of the
attitudinal and social influences [28].

Perceived behavioural control is an individual's
assessment of their own ability (control belief) to perform a
particular behaviour and their capability (power of control).
The TPB states that perceived behavioural control can also
predict behavioural intent. The contribution of perceived
behavioural control is assessed by comparing the strength
of its correlation with intent with that of the other two
causal components [23].
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Figure 1: Theory of Planned Behaviour

Of central importance within a TPB study is the
principle of compatibility, that is "relations between
attitudes and behaviours are maximally strong to the extent
that their action, target, context, and time elements are
assessed at the same level of generality or specificity” [29].
In this study the TPB is applied to predicting farmers'
behaviour towards the adoption of perennial energy crops
over the next five years.

3 THEORY OF PLANNED BEHAVIOUR STUDY

The research comprised of a two stage interdependent
data gathering process. Initially sets of outcome beliefs and
salient referents were identified through focus group
discussions with farmers in three different areas of the UK
[30]. These took place in Thame (Oxfordshire), Bawtry
(Nottinghamshire), and Scotlandwell (Fife), between
November 2006 and January 2007. The locations were
chosen for proximity to existing or proposed co-firing or
dedicated biomass power plants, and attracted a mix both
of farmers who had experience of growing perennial energy
crops and those with no such experience.

The second stage involved using the identified outcome
beliefs and salient referents in a structured questionnaire.
Following a pilot survey, questionnaires were sent to 1500
farmers in three areas where SRC willow and miscanthus
had already been planted under Defra’s Energy Crops
Scheme in England, and that were within 25 miles of either
a co-firing or dedicated biomass power plant. It was
decided that this would be preferable to a survey covering
the whole of the UK, as in some areas there has been no
development of perennial energy crops, co-firing or
dedicated biomass power plant. By focusing on areas where
there is an existing source of demand, it was considered



that the questionnaires would be of more relevance to
Within these areas, farmers were selected at
random from a business directory. In all, 150 usable

farmers.

responses were received - a response rate of 10%.

Farmers were asked to score a response to the
questions on a 3 point scale. These responses were
numerically coded from -2 to +2 for analysis. Table I shows

the question structure for each construct.

Table I: Question structure for the TPB survey

willow on my farm in the
next 5 years would be a pood

decision

TPB Construct Question S M i scale
Behavioural Are you intending 1o plant Certamly not, probably not,
nention SRC willow on your farm in unsure, probably, centanly
the next 5 years?
Stated anitude Choosing 1o plant SRC Strongly disagree, disagree,

unsure, agree, strongly agree

Stated subjective

People whose opinions 1

Strongly disagree, disagree,

nomm value think 1 should plamt unsure, agree, strongly agree
SRC vallow on my farm in
the next 5 years
Outcome Do you agree or disagree with 8 Iy di disagree,
evaluation the following statements? unsure, agree, strongly agree

Belief strenpth

How important are the
following to vou?

Unimportant, not very
important, no opinion,
important, very important

Table I1: Sample description based on farm characterstics

Farm parameters Cverall sample (n=150)

Mean, sem
Nuimber of Percentage and median
respondents %) values
Farm types 146
Specalist dairy 36 4.7
Beef andfor sheep £ 123
Pigs and/or pouliry 5 34
Mixed arable and
livestock 59 40.4
Specialist cereals [ A1
General cropping (arable) 18 123
Other 4 7
Farmland type 149
All lowland 124 B32
Maostly lowland 12 g1
Half and half 7 47
Mostly upland 1 07
All upland 5 3.4
188.3 +
Total farmed area (ha) 127 21.73: 112ha
Up 1o 58ha 32 252
58.1 - 112ha 32 52
112.1 - 230ha 3 6.0
>230ha 30 o
Tenure 103
Tenanted 20 19.4
Owned outnght 49 476
Part tenanted/part owned 34 330

Subjective belief

Do vou think the following

Strongly disapprove,

would apyp or disapy
of you growmg SRC willow
on your farm in the next 3

app . unsure,
approve, strongly approve

being able to grow SRC
willow an your fam in the

years?
Mativation to Would you follow the advice Very unlikely, unlikely,
comply of the groups below in unsure, likely. highly likely
deciding whether or not to
grow SRC willow on your
farm in the next 5 years?
Perceived How difficult would it be to Very difficult, difficult.
difficulty grow SRC willow on your UNSUre, S35y, Very easy
fanm in the next 5 years?
Percerved ability How confident are you of Mot at all confident, not

very confident, don't know,
confident, very confident

next 5 years?

Farmers were also invited to add their own thoughts in
a comments box at the end of the questionnaire.

4 RESULTS

4.1 Description of the sample

The description of the sample is divided into three sub-
sections, broadly following the format employed by the
University of Reading in a TPB study for Defra in 2006
[26]. The sub-sections are farm characteristics. farm
operations and farmer traits (Tables Il to IV).

About 40% of the sample were mixed arable and
livestock, followed by specialist dairy (25%), with beef
and/or sheep and general cropping (arable) both at 12%.
Specialist cereals accounted for just over 4%. and pigs
and/or pouliry just over 3%. Others (nearly 3%) comprised
of a mixture of the main categories along with specialist
vegetables. Of the five farmland types, all lowland
dominated, with over 80% of the sample falling into this
category, followed by mostly lowland (8%) and half and
half (just under 5%).

Just over 3% were all upland, with less than 1% mostly
upland. The mean farmed area for the whole sample was
188ha. whereas the median area was 112ha.

Table 11 describes the sample based on farm
operations. Just over half recorded annual sales of
agricultural produce of over £100,000. About a fifth had
sales of £50 - 100,000, and a similar proportion had sales
of £10 - 50,000. Fewer than 10% of respondents had
annual sales of less than £10,000. In terms of the
proportional contribution of farming to annual household
income, over half indicated that they are fully dependent,
with one fifth about 75% dependent on farming. 61% of
respondents indicated that their farm has made a moderate
profit over the past three vears, with 6% recording a
significant profit. About 20% broke even, 9% incurred a
moderate loss. and 4% a significant loss.

In response to a question about the extent of
involvement in businesses run by farmers groups. 48% said
they are not at all involved, with 46% involved
occasionally. Only 6% are involved at every opportunity.
Almost half of respondents said that the farm business
carried no debt. Nearly 39% said they were lightly in debt.
and over 13% heavily in debt.

Only 14% of respondents had fixed costs below 20%.
while 44% had fixed costs from 21-40%. Just over a fifth
had fixed costs of over 40%. while a further fifth did not
know the proportion of total annual farm costs that were
fixed costs. When asked about the proportion of income
from environmental schemes, almost three quarters
indicated that these represented less than 5% of their
income. For 10% of respondents environmental schemes
contributed 20% or more of annual farm income.

In response to the question about the proportion of total
income accounted for by the Single Farm Payment, 70%
said that this represented less than 40% of their income,
while for 20% it represented about half of their income.
For 10% it represented more than half of their income.



Table I11: Sample description based on farm operations

Farm operation parameters Overall sample (n=150)

Number of
respondents Percentage (%)

Annual value of total sales of agriculiural

produce 136 -
Less than £10,000 12 8.8
£10,001 to £50,000 30 21
£50.001 1o £100.000 25 184
Over £100.000 69 50.7

Proportion of annual household income

from farming 142 =
100% 76 53.5
About 75% 30 21
About 50%% 13 9.2
About 25% 9 6.3
Below 25% 14 9.9

Over past three years has your farm made

a profit or a loss? 142
Significant profit 9 63
Moderate profit 86 606
Break even 28 197
Maoderate loss 13 92
Significant loss b 42

Extent of involvement in businesses run

by farmers groups 142 =
Not atall 6B 419
Occasionally 65 458
At every opportunity 9 6.3
Farm business in debt 139 -
Not at all 66 475
Lightly 54 kLR
Heavily 19 13.7
Propartion of total annual farm costs that
are 'fixed' costs 139 -
Less than 10% 3 4.3
10-20% 13 94
21 - 30% 34 4.5
31-40% 27 19.4
41 - 50%% i3 94
Over 50% 17 12.2
Don't know 29 20.9
Propartion of farm income from
environmental schemes 145 -
Less than 5% 106 731
Around 10%% 24 16.6
Around 2075 B 55
Higher than 20% 7 4.8
Proportion of total income from Single
Farm Payment 145 -
Less than 40%% 1o 687
Around half 29 200
More than half 15 10.3

The male and female respondents comprised 95 and 5
percent respectively of the sample (see Table IV). The
mean age of respondents was 53 years. Almost half fell
between the ages of 41 and 55, with 20% aged between 36
and 65, and 17% aged over 65. Sixteen percent of
respondents were under 40.

In terms of the highest level of formal education
attained, 23% have university degrees, with 41% having
qualifications from technical colleges. The remaining 36%
were educated to secondary school level.

In response to the question as to whether they see
themselves as early adopters of technology, 40% indicated
that they were. A further 40% said they were not early
adopters, while the remaining 20% stated that they don't
know.

Thirty-five percent of respondents had identified a
successor to take over the farm, while just under half had
not. The remaining 16% answered that they may have
identified a successor.

Table IV: Sample description based on farmer traits

Farmer traits Overall sample (n=150)
Mean,
Number of sem and
respondent Percentage median
s (%) values
Gender 142 3
Male 135 95.1
Female 7 49
527+
L0, 52
Age 127 - years
Up 1o 40 years 20 157
41 - 55 years 60 472
56 - 65 years 25 197
>65 years 22 173
Education stafus 140
Secondary 5l 364
Technical
College 57 40.7
University 2 229
Early adopter of technology” 143
Yes 57 399
No 58 40.6
Don't know 28 19.6
Have you identified a successor? 142
Yes 50 352
No (] 48.6
Maybe 23 162

Three of the farmers who responded are already
growing SRC willow, with areas of 10, 34 and 53 hectares.
Nine farmers are already growing miscanthus, with eight
indicating the area of the crop. This ranged from 4ha to
60ha, with a mean of 20.6ha and a median of 17.5ha.

4.2 Behavioural intentions

When existing growers were asked whether they
planned to plant more SRC willow on their farm, the
farmer with 10ha said 'certainly not', the farmer with 53ha
said 'probably not', while the farmer with 34ha was unsure.
Of those already growing miscanthus, two were 'certainly
not' going to plant more. two were ‘probably not', and one
was unsure. One farmer said he probably would, while two
certainly would.

The key questions relating to behavioural intention
asked farmers who were not already growing perennial
energy crops 'Are you intending to plant SRC willow on
your farm in the next 5 years?, and 'Are you intending to
plant miscanthus on your farm in the next 5 years?

The responses are shown in Figure 2. It can be scen
that stated intentions towards the adoption of both crops
are generally negative, with the means for both lying
between ‘certainly not' and probably not. The stated
intention towards miscanthus (mean -1.26) is slightly less
negative than the stated intention towards SRC willow
(mean -1.37).
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your farm in the next § yenrs?
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Figure 2: Behavioural intentions towards planting
perennial energy crops

According to the TPB, behavioural intention is a
reliable predictor of actual behaviour if at least one of the
three main variables (attitude, subjective norm. or
perceived behavioural control) correlates strongly with the
stated intention. Table V shows that there is a strong
correlation between intention to adopt SRC willow and all
three variables. Thus behavioural intention towards SRC
willow can be considered reliable, with stated attitude
having the greatest influence on behavioural intention.

Table V: Correlation of main TPB variables with intention
to adopt SRC willow

Ara you intending to plant SRC Willow on Owerall sample | Correlation
your farm in the next 5 years? n=148 with intent (1)
Main TPB variables Mean [
Intention (1) (-2 to +2) -1.37 ML
Stated attitude (SA) (-2 o +2) -0.77 -S86(") |
Subjective nomm (SN} (-2 10 +2) -0.64 4400 |
P i control (PBC) (-210 +2) -0.67 A440(*)

|

|"* Comelation is si al the .01 level (1- tailed)

For miscanthus, there are strong correlations between
intention to adopt and all three main variables, as shown in
Table V1. Thus behavioural intention towards miscanthus
can be considered reliable. with stated attitude again
having the greatest influence on behavioural intention,
followed by perceived behavioural control.

Table VI: Correlation of main TPB wvariables with
intention to adopt miscanthus.

Are you i ding to plant on Owerall sample | Correlation
ur farm In the next 5 years? n=149 with intent (i)

Main TPB variables Mean f

Tntention () (-2 10 +2) .28

Stated attilude (SA) (2 10 +3) -0.67 5850} |

[Subjective norm (SN) (2 10 +2) 0,51 AR

Perceived behavioural contral (PBC) (-2 (o +2) -0.57 S

|

[*c Is sigH at the .01 Ievel (1- tailed)

A Kruskal-Wallis analysis was undertaken to see if there is
any significant difference in behavioural intention by any
of the categories of farm characteristics, farm operations
and farmer traits (see Tables II to V). For SRC willow.
significant differences existed in just two categories -
farmland type and the extent of farm profit or loss. Table
VII shows that for farmland type. using the Mann-Whitney
U-test, there is a significant difference in adoption
intention between 'all lowland', with a mean score of -1.45
(halfway between probably not and certainly not) and 'all

upland’, with a mean score of -0.5 ( halfway between
unsure and probably not).

Table VII: SRC willow adoption intentions by farmland
type

Half
All Mostly and Mostly All
lowland lowland half’ upland upland
n 110 10 7 [1] 4
K-
w
mean mean mean mean mean Sig
Intention
(-2 to +2) -1.45 -1.20 -1.00 - -0.50 26
Mann-Whimey U-test significance values
Half
All Mostly and Mostly All
lowland lowland hall upland upland
All lowland ns ns - ]
Mostly
lowdand ns
Half and
half ns
Mostly
upland
All upland 010

Notwithstanding the small number of ‘all upland' farms,
in policy terms this does not seem to be immediately
helpful as the adoption intention for 'all upland' farms is
still negative, even if to a lesser extent than for 'all lowland'
farms.

Table VIII: SRC Willow adoption intentions by extent of
profit or loss

Significant Mod. Break Maod. Significa

profit profit even Ioss nt loss
n 8 80 22 10 -
K-W.
Tean mean mean mean mean :
Sig
-1.75 =144 =1.00 =130 -2 003

Mann-Whitney U-test significance values

Significant Mod. Break Mod Significa
profit profit even loss nt loss

Significan
1 profit
Moderate
profit

ns 009 ns ns

Table VIII shows the significant differences in SRC
willow adoption intentions between farms that recorded a
significant loss ( mean -2.00), and those who broke even
(mean -1.00), or had a moderate profit (mean -1.44) or loss
(mean -1.30). There are also significant differences
between those who broke even and those where a moderate
or significant profit (mean -1.75) was recorded. However
the means of the adoption intentions by extent of profit or
loss all fall between 'probably not' and ‘certainly not".



For miscanthus adoption intentions, a significant
difference exists between those who consider themselves to
be early adopters of technology (mean -1.29) and those who
responded 'don't know' (mean -0.84). A further significant
difference exists between those who do not consider
themselves to be early adopters of technology (mean -1.41)
and those who responded 'don't know'. However, there is no
significant difference between those who responded 'yes'
and those who responded mo. and there are obvious
practical difficulties in actually identifying those who don't
know whether or not they are early adopters. Moreover, all
three mean responses were negative, ranging from just
below ‘probably not, to nearly half-way between 'probably
not' and 'certainly not'.

Table IX: Miscanthus adoption intentions by whether the
farmer considers themselves to be an early adopter of
technology.

Don't
Yes Na know
n 43 36 25

mean mean mean E-W. Sig

Intention (-2 to +2) -1.29 -1.41 -0.84 022
Mann-Whitney U test significance values

Don't
Yes No know
Yes i ns 037
No ns A 006
Don't know 037 006 A

There are also significant differences in miscanthus
adoption intentions by the extent of farm profit or loss.
Table X shows that significant differences exist between
those recording a significant loss (mean -2.00) and those
who broke even (mean -1.04) or made a moderate profit
(mean -1.32) or loss (mean -1.10).

Table X: Miscanthus adoption intentions by extent of
profit or loss.

Significant Mod. Break Mod. Significa

profit profit even loss nt loss
n 8 81 23 10 5
K-W.
mean mean mesn mean mean Sig
-1.63 -1.32 -1.04 -1.10 -2 .041

Mann-Whitney U-test significance values

Significant Mod. Break Mod. Significa
nt loss

Significant

Again these are all negative adoption intentions
ranging from 'probably not' to 'certainly not',

4.3 Attitudes

Stated or general attitude towards the adoption of SRC
willow was derived from the response to the statement
'Choosing to plant SRC Willow on my farm in the next 3
years would be a good decision'. Possible responses ranged
from strongly agree to strongly disagree (See Table I). The
mean value for the stated attitude towards adoption of SRC
willow is -0.77 (see Table V). Stated attitude has the
strongest influence on behavioural intention of all three
main TPB variables (See Table V). In order to get a
more detailed understanding of attitudes, respondents were
asked to indicate their level of agreement/disagreement
with a number of specific outcome beliefs that had arisen
from the focus groups. They also had to indicate the level
of importance attached to these outcomes.

Table XI: Outcome beliefs, outcome evaluations and
attitudes towards the adoption of SRC willow

Belief (-2 Value (-2 10 Attitude (-4

to +2) +2) 1o +4)
Mean Mean Mean
SRC Willow will give a high gross
margin -0.4% 1.31 .62
Growing SRC Willow to contract wall
SIVE e grealer income securiy -0.32 1.47 -0.35
Growing SRC Willow fits in with my
current cropping plans -0.89 L15 L1l
Growing SRC Willow 10 contract wall
give me greater stability of income -0.43 1.21 043
It 15 easy to do the paperwork required
to prow SRC Willow to contract -0.08 0.75 017
SRC Willow roots will damage field
drains -0.42 1.05 -0.59

Growing SRC Willow will reduce the
flexibility of the farm business .5 1.03 0,64
Growing SRC Willow is a pood way
for farmers to help ckle chmate
change 031 (.48 036

SRC Willow could be a pood source of
energy for local or on-fam use 03 -0.11 031

The hikely costs and retums of SRC
Willow are ¢asy to caleulate -0.01 1.33 0.02
Growing SRC 15 a good opportunity to
reduce the time spemt on farming
activities 0.2 0.09 0.0¢

Growing SRC Willow wall disrupt my

cashflow -0.19 136 -0.35

Most of the outcome beliefs in Table IX are negative.
For example, there is moderate disagreement (i.e.
somewhere between unsure and disagree) that SRC willow
will give a high gross margin. The outcome evaluations are
mostly positive, indicating for example that getting a high
gross margin lies somewhere between important and very
important.  Multiplying these scores through for each
respondent gives a calculated aftitude score for each
statement. The three most negative attitudes relate to SRC
willow not fitting in with current cropping plans. willow
roots damaging field drains, and SRC willow reducing the
flexibility of the farm business.

Of key importance in establishing the strength of these
attitudinal influences on intention to adopt is the
correlation with the stated intent. This shows (Table XII)
that the most important attitudinal barriers to the adoption
of SRC willow are the belief that growing SRC willow to



contract will not give greater stability of income. followed
by SRC willow not fitting in with current cropping plans.
The next most significant are SRC willow roots damaging
field drains. the lack of improved income security from
SRC willow, reducing the flexibility of the farm business.
and disrupting cashflow.

Table XII: Correlation between calculated attitudes and
stated intention towards SRC willow.

Atitude Cormelation
(-4 1o +4) witl intent ()
Mean A

SRC Willow will give a high gross margin -0.62 101
Growing SRC Willow to contract wall give me
greater income security -0.35 240(**)
Growing SRC Willow fits in with my current
cropping plans -1.11 314(*%)
Growing SRC Willow 1o contract will give me
greater stability of mcome -0.43 3420*%)
1t is easy to do the paperwork required to grow SRC
Willow to contract -0.17 ]
SRC Willow roots will damage field drains -0.99 -286(**)
Growing SRC Willow will reduce the flexibility of
the farm busness .66 220(**)
Growing SRC Willow is a good way for farmers to
help tackle chmate change 0.36 058
SRC Willow could be a good source of enerzy for
local or on-farm use 0.31 067
The likely costs and retums of SRC Willow are easy
to calculate 0.02 020
Growmg SRC 15 a good opportunity to reduce the
time spent on farming activities 0.09 063

| Growing SRC Willow will disrupt my cashflow -035 207
** Corvelation s significant at the .01 level (1- wiled)

Interestingly. gross margin is not significantly
correlated with intention to adopt SRC willow. This has
important policy implications. It suggests that simply
offering more money to farmers to grow SRC willow will
not work unless a number of other ‘preconditions’ such as
concerns over stability and security of income from
contracts, as outlined above, are addressed.

Stated or general attitude towards the adoption of
miscanthus was derived from the response to the statement
'Choosing to plant miscanthus on my farm in the next 5
years would be a good decision". Possible responses ranged
from strongly agree to strongly disagree (See Table 1). The
mean value for the stated attitude towards adoption of
miscanthus is -0.67 (see Table V). As with SRC willow,
stated attitude has the strongest influence on behavioural
intention towards miscanthus of all three main TPB
variables (See Table V). Again in order to get a more
detailed understanding of attitudes towards adoption of
miscanthus, respondents were asked to indicate their level
of agreement/disagreement with a number of specific
outcome beliefs that had arisen from the focus groups.

Most of the outcome beliefs (See Table XII) for
miscanthus  are  negative.  although  farmers are
unsure/mildly disagree that they will damage field drains.
The outcome evaluations are identical to those previously
recorded for SRC willow as these questions were combined
in the interest of brevity. Again. multiplying these scores
through for each respondent gives a calculated attitude for
each statement.

Table XIII: Outcome beliefs, calculated attitudes. and
correlation between calculated attitudes and stated
intention towards miscanthus.

Belief (-2 to Attiude (=4 Cormrelation with
432} 10 +4) intent (T)
Mean Mean T

Miscanthus will give a
high gross margin -0.35 -0.46 S8(*)
Growing Miscanthus 1o
contract will give me
greater income security -0.12 -0.01 329(**)
Growing Miscanthus fits
in with my current
cropping plans -0.63 0.8 A23(**)
Growing Miscanthus to
contract will give me
greater stability ot
income -0.25 -0.22 A56(**)

It is easy to do the
paperwork required to
grow Miscanthus to
contract -0.04 013 04

Miscanthus roots wall
damage fiekd drans 0.12 -0.12 130

Growing Miscanthus waill
reduce the flexibility of
the farm bus 0.25 -0.29 03

Growmg Miscanthus is a
good way for farmers 10
help tackle chimate

change 031 0.39 150(*)
Miscanthus could be a
pood source of energy

for local or on-farm use 0.29 0.26 073
The likely costs and

retums of Miscanthus

are easy to caleulate 0.05 0.15 A56(%)

Growing Miscanthus is &
good opportunity to

reduce the time spent on
farming activities 02 0.15 0lé
Growing Miscanthus will
distupt my cashflow -0.26 -0.43 144

** Comelation is significant at the .01 level (I- wailed)

* Correlation is significant at the .05 level {1~ tiled)

The three most negative attitudes relate to miscanthus
not fitting in with current cropping plans. not having a high
gross margin, and disrupting cashflow. Again it is
important to establish the strength of these influences on
intention to adopt. The final column of Table XIII shows
that the most significant attitudinal barriers to adoption for
miscanthus are the belief that growing miscanthus to
contract will not give greater stability of income, followed
by miscanthus not fitting in with current cropping plans.
and not increasing income security. Less significant
correlations include miscanthus not having a high gross
margin.

4.4 Subjective norm

Stated or general subjective norm towards the adoption
of SRC willow was derived from the response to the
statement 'People whose opinions 1 value think I should
plant SRC willow on my farm in the next five years"
Possible responses ranged from strongly agree to strongly
disagree (See Table I). The mean value for the stated
subjective norm towards adoption of SRC willow is -0.64
(see Table V). Stated subjective norm is strongly correlated
with behavioural intention, with an influence on
behavioural intention equal to that of perceived
behavioural control but less than that of stated attitude (See
Table V).



A key part of any agricultural knowledge transfer
strategy is to identify appropriate channels for
communicating with farmers about specific new policies or
techniques [24]. These trusted sources of advice and
influence can be identified by using the TPB. A number of
salient referents were identified in the focus groups, and
respondents to the questionnaire were asked to indicate the
extent to which these referents would approve or
disapprove of them growing SRC willow on their farms in
the next five years (subjective belief). They were also
asked how likely it was that they would follow the advice
of these referents in relation to the adoption of these
perennial energy crops (motivation to comply).

Table XIV: Mean subjective belief. motivation to comply,
subjective norm for salient referents with regard to the
adoption of SRC willow, and correlation of referent
subjective norm with intent.

Subjective | Motivation | Subjective | Correlabon
belief (-2 o comply norm (-4 with mtent
to +2) {-2 fo +2) ta +4) [11]
Mean Mean Mean I
Would the following
approve or
disapprove of you
growing SRC
Willow?
Farmers clubs -0.04 .61 0.19 -019
Existing SRC
Erowers 0.45 -0.12 0.15 .152
Other farmers -0.13 -0.16 0.35 - 107
SRC Producer
roups 0.63 -0.17 0.07 168(*)
Power companies 0.7 047 -0.28 B Lk o)
Farming press 041 -0.37 -0.03 160(*)
Defra 0.51 047 -0.15 158(*)
Biomass Energy
Centre 038 024 -0l 2000%)
NFU 0.29 -0.35 0.1 027
Agronomist 0.25 0 01 093
Own experience /
judgement 0.32 0.28 -0.03 112
Family -0.32 0.01 0.05 =031
Members of the
public 0.28 -0.9 -0.15 019
** Correlation is significant at the .01 level (1- riled)
* Cormelation is significant at the .03 level (1- tailed)

The subjective beliefs listed in Table XIV show that, as
might be expected, farmers think that those who would
most strongly approve of them growing SRC willow are the
Biomass Energy Centre (mean 0.88). power companies
(mean 0.70), SRC producer groups (mean (.63), and Defra
(mean 0.51).

Still with a positive mean. but closer to 'unsure' than
"approve’, are existing SRC growers (mean 0.45), farming
press (mean 0.41), NFU (mean 0.29) and members of the
public (mean 0.28). Negative means. moving from 'unsure'
towards 'disapprove' were obtained for farmers clubs (mean
-0.04), other farmers (mean -0.13). agronomist (mean -
0.25), and own experience/judgement and family both with
a mean of -0.28.

What is particularly interesting is the motivation to
comply with the various salient referents, which tends to be
negative, but not strongly. This would support the findings
from the focus groups [30] that farmers are sceptical of
certain interests, that there is a need for clear, unbiased
information, and that farmers really don't know where to
turn for advice on perennial energy crops. Indeed the mean
for own experience/judgement (0.28) suggests that farmers
do not have confidence in their own judgement on

perennial energy crops. The least negative means,
following own experience/judgement and family are
agronomist (mean 0). existing SRC growers (mean -0.12),
other farmers (mean -0.16) and SRC producer groups
(mean -0.17). This would suggest that the current practice
of farm open days, where prospective adopters view SRC
willow being grown and harvested are a relatively effective
way of getting information across.

Multiplying through the scores for subjective belief and
motivation to comply for each individual we get the
referent subjective norm. Looking at the correlation of the
referent subjective norms with intent in isolation. one
might be forgiven for thinking that power companies are
the best channel for extending information to potential
growers of SRC willow. However, as we have seen, this
strong correlation with intent is in fact due to the negative
motivation to comply with a referent who approves of an
activity that the majority of respondents do not in fact plan
to undertake.

Stated or general subjective norm towards the adoption
of miscanthus was derived from the response to the
statement 'People whose opinions | value think | should
plant miscanthus on my farm in the next five years'.
Possible responses ranged from strongly agree to strongly
disagree (See Table I). The mean value for the stated
subjective norm towards adoption of miscanthus is -0.51
(see Table VI). Stated subjective norm is strongly
correlated with behavioural intention, but with an influence
on behavioural intention less than that of both perceived
behavioural control and stated attitude (See Table VI).

Respondents to the questionnaire were asked to
indicate the extent to which the salient referents would
approve or disapprove of them growing miscanthus on their
farms in the next five years (subjective belief). Their
motivations to comply with these salient referents are
identical to those previously recorded for SRC willow as
these questions were combined. This followed feedback
from the pilot survey where it was identified that the
questionnaire was too long.

The subjective beliefs listed in Table XV show that,
again as might be expected. farmers think that those who
would most strongly approve of them growing miscanthus
are the Biomass Energy Centre (mean 0.78), power
companies (mean 0.70), and miscanthus producer groups
(mean 0.65).

Still with a positive mean, but closer to 'unsure' than
‘approve', are Defra (mean 0.49). existing miscanthus
growers (mean 0.43), farming press (mean 0.33). NFU
(mean 0.24) members of the public (mean 0.08). and
farmers clubs (0.03). Negative means, moving from "unsure'
towards 'disapprove’ were obtained for other farmers (mean
-0.01), agronomist (mean -0.17), family (mean of -0.21),
and own experience/judgement with a mean of -0.22.

These subjective beliefs are very close to those given
for SRC willow, and underline the uncertainty as to what
farmers believe many referents actually think about the
adoption of perennial energy crops.



Table XV: Mean subjective belief. motivation to comply,
subjective norm for salient referents with regard to the
adoption of miscanthus, and correlation of referent
subjective norm with intent.

Subjecti Motivali Subjecti Comalati
behef (-2 10 comply nomm (-4 with intent
to +2) (-2 10 #2) 10 +4) i
Mean Mean Mean L
Would the following
approve or disapprove
of you growing
M R
Farmers clubs 0.03 0.6l 0.6 -01g
Existing Miscanthus
growers .43 012 0.33 152
Other fanners -0.01 -0.16 0.35 - 107
Miscanthus producer
groups 0,65 017 0.2 -L68(")
Power companies 0.70 047 -0.17 253(**)
Farming press 033 -0.37 0.02 160(*)
Defra .49 -0.47 -0.08 158(*)
Biomass Energy
Centre 078 -0.24 002 200(%)
NFU 024 -0.35 014 027
Agronomist =017 0 0.3 093
Own
expenence/judgement -0.22 0.28 0.08 112
Family =0.21 0.01 0.15 =031
k of the public 0.08 -0.90 0.02 e
** Correlation is significant at the .01 level (1- tailed)
* Correlation is significant at the .05 level (1- tailed)

Multiplying through the scores for subjective belief and
motivation to comply for each individual we get the
referent subjective norm. Looking at the correlation of the
referent subjective norms with intent in isolation. it again
appears that power companies are the best channel for
extending information to potential growers of miscanthus.
However. once more this strong correlation with intent is in
fact due to the negative motivation to comply with a
referent who approves of an activity that the majority of
respondents do not in fact plan to undertake.

4.5 Perceived behavioural control

Perceived behavioural control in respect of the adoption
of SRC willow was obtained from the mean value of
responses to two statements relating to difficulty and
ability. The first was 'How difficult would it be to grow
SRC willow on your farm in the next 5 years?. Possible
responses ranged from very difficult to very easy (See
Table I). The second was 'How confident are you of being
able to grow SRC willow on your farm in the next 5
years?. Possible responses ranged from very confident to
not at all confident (See Table I).

The mean value for perceived behavioural control in
respect of the adoption of SRC willow is -0.67 (see Table
V). This correlates strongly with stated intent, and exerts a
similar level of influence on intent as stated subjective
norm, but less influence on intent than stated attitude (See
Table V).

When the two components of perceived behavioural
control in respect of the adoption of SRC willow are
viewed independently (See Table XVI), farmers see
growing SRC willow as moderately difficult (mean -0.38).
but when it comes to confidence in their ability to grow it.
they are not very confident (mean -0.97). Both ability and
difficulty are strongly correlated with behavioural intent,
with ability exerting the stronger influence.

Table XVI: Mean scores for PBC, Difficulty and Ability in
respect of the adoption of SRC Willow. and correlation
with intent.

Are you intending to plant SRC Willow on Overall sample | Comelation
your farm in the next 5 years? n=149 with intent (1)
Main TPB variables Mean ]
Intention (1) (-2 to +2) -1.37

PBC (-2 1o +2) -0.67 440(**)
Difficulty =0.38 301(**)
Ability 097 S01(**)
** Correlation is significant at the .01 level (1- tailed)

These results would appear to support the view from
the focus groups that specialist contractors would be
needed for SRC establishment and harvesting due to the
requirement of specialist equipment [30].

Perceived behavioural control in respect of the adoption
of miscanthus was obtained in the same way - from the
mean value of responses to two statements relating to
difficulty and ability. The first was How difficult would it
be to grow miscanthus on your farm in the next 5 years?.
Possible responses ranged from very difficult to very easy
(See Table I). The second was How confident are you of
being able to grow miscanthus on your farm in the next 3
years?. Possible responses ranged from very confident to
not at all confident (See Table I).

The mean value for perceived behavioural control in
respect of the adoption of miscanthus is -0.57 (see Table
VI). This correlates strongly with stated intent, and exerts
more influence on intent than stated subjective norm. but
slightly less influence on intent than stated attitude (See
Table VI).

When the two components of perceived behavioural
control in respect of the adoption of miscanthus are viewed
independently (See Table XVII), farmers see growing
miscanthus as moderately difficult (mean -0.35), but when
it comes to confidence in their ability to grow it, they are
not very confident (mean -0.81). Both ability and difficulty
are strongly correlated with behavioural intent. with ability
exerting the stronger influence.

Table XVII: Mean scores for PBC, Difficulty and Ability
in respect of the adoption of miscanthus, and correlation
with intent.

Areyou i fing to plant Mi hus on Overall sample | Cormrelation
your farm in the next S years? n=149 with mtent (I}
Main TPB variables Mean s
Intention (1) (-2 1o +2) -1.26
(PBC) (-210 42) -0.57 S1(**)
Ditficulty -0.335 I87(**)
| Ability 081 ST78(**)
** Correlation is significant at the .01 level (1- tailed)




5 DISCUSSION

While it is fairly common for farmers not to admit to
outside sources of influence in open discussion [28], other
postal surveys have elicited a number of positive mean
sources of influence [24. 27]. This reinforces the perception
from the focus groups [30] that farmers don’t know who to
turn to for advice on perennial energy crops. However, the
mean values do not tell the whole story. Table XVIII lists
the number who indicated that they would be likely or
highly likely to follow the advice of specific salient
referents.

Table XVIII: The number of respondents indicating that
they would be likely or highly likely to follow the advice of
specific salient referents.

Own experiencefjudgement 55
Agronomist 45
Existng SRC willow / miscanthus growers 41
Family 41
Other farmers 3%
SRC willow / miscanthus producer groups is
Biomass Energy Centre 33
MNFU 29
Defra 26
Farming press 24
Power companies 23
Farmers clubs 15
|Members of the public ]

It can be seen that in terms of non-family referents, the
five most likely sources of advice are agronomists, existing
SRC willow/miscanthus growers, other farmers, SRC
willow/miscanthus producer groups, and the Biomass
Energy Centre. This tends to support findings from the
focus groups [30] that site visits and talking to existing
growers are good ways of obtaining information, as is
sharing information with other farmers through producer
groups and co-operatives. It was thought by focus group
participants that the Biomass Energy Centre had the
potential to become a trusted source of information [30]. To
this can be added the suggestion that involving agronomists
in open days organised by existing growers and producer
groups would seem to be a reasonable way of promoting
knowledge transfer among potential adopters.

Farmers do not, in general. seem to know a great deal
about perennial energy crops. In response to the question of
whether SRC willow will give a high gross margin, 64%
were unsure. and for miscanthus, 67% were unsure.
Unsurprisingly. in answer to the question of whether the
likely costs and returns of SRC willow are easy to
calculate, 80% were unsure, and 72% unsure for
miscanthus. Likewise 85% were unsure whether the
paperwork required to grow SRC willow to contract was
easy, with 79% unsure about the paperwork required for
miscanthus.

The finding that gross margin is not significantly
correlated with behavioural intent for SRC willow, and is
less significantly correlated than a number of other
attitudinal factors for miscanthus is of importance for

policy makers. It suggests that simply increasing the gross
margin for perennial energy crops will not be an effective
way of encouraging increased farmer uptake unless a
number of issues such as those relating to security and
stability of income from contracts are addressed. The
proposed banding of the Renewables Obligation [21],
intended to give a greater financial reward to those growing
perennial energy crops, may not therefore bring about an
increase in adoption unless the issues mentioned above are
addressed at the same time.

6 CONCLUSION

It seems unlikely that the theoretical potential of
perennial energy crops in the UK will be realised unless a
number of barriers to adoption are overcome. For both SRC
willow and miscanthus, these include concerns about the
security and stability of income from contracts. Specifically
in relation to SRC willow, farmers have concerns over
disruption to cashflow, reduction in the flexibility of the
farm business. and damage to field drains from willow
roots.

While farmers in general don’t consider that
miscanthus or SRC willow will give a high gross margin,
simply increasing the financial return from these crops
without addressing the concerns outlined above is unlikely
to result in widespread uptake.

In terms of further research, farm-level mathematical
programming techniques will be used to identify the level
of uptake that might be expected at different gross margins
if the barriers identitied in this paper are overcome. and
assuming profit maximisation as the objective.
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an approach should encourage adoption at lower gross margins.

< 2010 Elsevier Ltd. All rights reserved.

1. Introduction

In seeking both to tackle climate change and ensure that the
UK has a secure supply of affordable energy, the UK Government
is proposing a significant expansion in the generation of energy
from renewable sources (DECC, 2009a). Under the Renewable
Energy Directive, the UK is committed to the EU wide target to
source 20% of the EU's total energy use from renewable sources by
2020. The UK's contribution towards this target is to provide
renewable sources for 15% of its total energy use by 2020
(European Parliament and Council of the European Union, 2009).
This would represent a ten-fold increase in levels of renewable
generation over the next 12 years. The UK Government's Renew-
able Energy Strategy, which outlines how this level of generation
could be achieved indicates that around 30% of the UK renewable
energy target could come from biomass (DECC, 2009a).

The term ‘biomass’ covers a range of renewable fuels derived
from organic matter, of which there are a number of possible
sources in the UK. These include landfill gas, sewage gas, forestry,
wood waste, conventional agricultural crops such as wheat and
oilseed rape, straw, perennial energy crops, and agricultural waste
(RCEP, 2004; Defra, 2007).

To increase available biomass, Defra (2007) favours obtaining
an additional 1 million dry tonnes of wood per annum from

* Corresponding author. Tel.: +44 131 535 4198; fax: +44 131 667 2601.
E-mail address: chris.sherrington@sac.ac.uk (C. Sherrington).

0301-4215/% - see front matter & 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.enpol.2010.02.034

woodland and wood waste, more use of manures and slurries, and
a substantial growth in the uptake of perennial energy crops such
as short rotation coppice (SRC) willow and miscanthus. Of these
sources, it is the anticipated change in levels of perennial energy
crops that is most dramatic, from under 16,000 hectares (ha) at
present to 350,000 ha by 2020. This represents approximately a
20-fold increase, and would occupy roughly 6.5% of UK arable and
set-aside land (Defra, 2007). The Renewable Energy Strategy is
even more ambitious, with a supporting annex, looking at both
arable and pasture land suggesting that the potential could be up
to 2.2 million ha by 2030 (E4Tech, 2009).

Perennial energy crops can be considered as a novel enterprise
for UK farmers, both in terms of their cultivation, and in their
position at the interface between agricultural and energy policy.
This brings a greater number of uncertainties than exist with
conventional agricultural activities (Sherrington et al., 2008), and
a number of financial and non-financial barriers to the adoption of
such crops by UK farmers have been identified. These include
concerns over the security and stability of income from contracts,
disruption to cashflow, and reduced farm business flexibility
(Sherrington et al.,, 2008; Sherrington and Moran, 2008). This
paper builds on existing understanding by using a farm-level
linear programming model to investigate theoretical uptake in
energy crops at different gross margins (revenue minus variable
costs) under the assumption of a profit-maximising decision
maker, and in the absence of known barriers to adoption. The
findings suggest that SRC willow at current prices remains
unattractive for most farm types purely on a gross margin basis,
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even before accounting for concerns such as the impact of roots
on field drains, and the security of the contracts available,
although potential does exist for greater financial returns as the
market for heat from SRC willow develops. Miscanthus, however,
is currently more attractive on a gross margin basis, and the
modelling suggests that adoption should, in theory, be wide-
spread. There are fewer non-financial barriers to the adoption of
miscanthus than SRC willow (Sherrington et al., 2008), and prices
now available on contracts to supply miscanthus for co-firing at
the UK's largest coal fired power station (Farmers Weekly, 2008;
Farmers Guardian, 2008) make this crop considerably more
attractive.

The paper is structured as follows. The next section compares
estimates of the theoretical potential of perennial energy crops
with actual uptake to date, before reviewing current
understanding of barriers to energy crop adoption. The metho-
dology for application of the linear programming model and its
inputs are then described, and the results at the farm-level, and
on aggregate, subsequently presented. A discussion section
considers the results in the context of support for energy crops
through energy and agricultural policies, and through contracts. A
number of issues of policy significance are highlighted, followed
by some recommendations and concluding comments.

2. Theoretical potential of energy crops in the UK

The theoretical potential of energy crops is estimated by Defra
to be 17.2 TWh' (1.48 Mtoe)® per annum, while current avail-
ability is 0.07-0.09 Mtoe per annum (Defra, 2007). To reach this
potential by 2020 would require 350,000 ha of land, which is
roughly 6.5% of UK arable and set-aside land, assuming an average
annual yield of 9 oven dried tonnes (odt) per hectare
(Defra, 2007). The Renewables Innovation Review (DTI, 2003),
the original source of the above theoretical potential, suggests this
is a realistic area once a number of constraints, including
competition from other markets, are taken into account.

A recently developed range of energy crop scenarios used to
inform the Renewable Energy Strategy suggests that by 2030,
using both arable and pasture land, the potential could be up to
2.2 million ha (E4Tech, 2009).

However, the actual realisation of the potential for these crops
depends upon farmer behaviour—whether or not individual
farmers choose to grow SRC willow and/or miscanthus. Experi-
ence to date suggests that farmer behaviour could be an
important constraint on realising widespread uptake, on the scale
identified by the estimates above. \

Defra's Energy Crops Scheme, which provides establishment
grants for SRC willow and miscanthus, was intended to support
the planting, by 2006, of 16,700 ha of SRC and 5000 ha of
miscanthus in England (ADAS, 2003). When the scheme closed
to applications, in July 2006, only 1180 ha of SRC and 3356 ha of
miscanthus had been planted, however, increased interest in the
payments, saw applications for planting in 2007 set to take the
area of miscanthus to 12,627 ha, and SRC to 2600 ha in England
(Defra, 2006).

In Scotland, the area planted or approved for planting up until
the end of 2006 was 300 ha, with applications for planting in 2007
and 2008 amounting to around 600 ha (SAC, 2007a). In Northern
Ireland, 810 ha of SRC have been planted or approved for planting
(DARDNI, 2007), while in Wales there is known to be 40 ha of SRC
and 72 ha of miscanthus (Welsh Assembly Government, 2007).

! Terawatt hours (one teraWatt is a trillion, or 10" Watts).
? Million tonnes of oil equivalent.

The latest published figure for the total area of perennial
energy crops in the UK is 15546 ha for SRC willow and
miscanthus combined (Defra, 2007), however it is believed that
the planted area is now around 17,000 ha (RELU, 2009).

3. Farmer attitudes and intentions towards the adoption
of perennial energy crops

Focus group research involving existing and potential growers
of SRC willow and miscanthus (Sherrington et al., 2008) revealed a
broad consensus that the principle factor affecting a farmer's
decision whether or not to grow perennial energy crops was
perception of the level, and the security, of the financial return.

Of key importance to focus group participants was the
establishment grant. Very few would consider growing perennial
energy crops in the absence of the grant, due to high upfront costs
and uncertainties over the resulting net income (Sherrington
et al,, 2008). However, the establishment grant has since been
reduced from E£1000/ha to a typical level of £665/ha for SRC
willow, and from £920 to £800/ha for miscanthus (Jones, 2007).
From the perspective of farmers taking part in the focus groups,
this would make the crops less attractive.

Farmers felt that the lack of an incentive for renewable heat
was a significant barrier to the development of energy crop
supply, particularly for SRC willow. There was a keen aware-
ness that the financial return could be greater if farmers
were supplying local schools, hospitals or leisure centres. It was
felt that supply to large electricity generators would never be
the most financially attractive option. This view is supported
by Valentine et al. (2008), who consider that SRC willow is
currently undervalued, and that higher prices should be
achievable as the market develops and the inherent energy value
is fully recognised.

Follow up research (Sherrington and Moran, 2008) in the form of
a wider postal survey of UK farmers’ attitudes and behavioural
intentions towards perennial energy crops identified that perception
of financial return was not simply a question of anticipated gross
margin. Of greater concern was the security and stability of income
from contracts, disruption to cashflow, and reduced farm business
flexibility. Specifically in relation to SRC willow, there were worries
about damage to field drains from the roots.

The opportunity cost of growing perennial energy crops was
also a concern to focus group participants. While the price of
wheat and other annual crops has increased dramatically in
recent years, the price offered for SRC willow and miscanthus was
not felt to have risen much at all (Sherrington et al., 2008).
Moreover, farmers are familiar with annual crops, for which there
is a well developed market. While farmers may not always get the
price they are expecting with wheat, they know they will at least
be able to sell it, whereas for perennial energy crops, the lack of a
developed market means farmers are concerned about being left
with a crop that no-one will buy. The majority of focus group
participants felt it was difficult to calculate the returns from
energy crops due to uncertainty over costs, yields, and prices. In
contrast, farmers were very aware of returns from conventional
annual crops and at what prices and yields they would be
profitable (Sherrington et al., 2008). There is also the issue of
flexibility, with farmers valuing the ability to switch crops year on
year—something that would not be possible on land committed
to perennial energy crops (Sherrington et al., 2008).

University of Cambridge (2005) identifies that farmers are
often reluctant to switch from one annual crop with which they
are familiar to another less familiar annual crop. This inertia
means that farmers may not immediately switch on the basis of
an increased gross margin. For miscanthus and SRC willow the
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differences are greater still. SAC (2007a) states that for most farm
businesses SRC willow remains unattractive due to the long term
commitment required, loss of cropping flexibility, and limited
market. It is suggested that to overcome these issues and achieve
large scale plantings, SRC willow returns would have to
significantly exceed those achievable in conventional arable
systems (SAC, 2007a).

However, estimating the required level of return is very
difficult as the risks involved in growing perennial energy crops
are of a different kind to those associated with annual crops.
Comparison of two annual crops might be based on their average
yield and price over a number of years, and the variance of those
factors, with a higher variance indicating a greater risk. For
perennial energy crops there is no such track record of yield and
price to which farmers can refer with confidence. Indeed, along
with yield and price risk, there is regulatory risk, arising from both
agricultural and energy policy. The suspension of the establish-
ment grant and the subsequent lowering of the payment level is
an example of the former, while ongoing amendments as to the
status of co-firing within the RO (Sherrington et al., 2008), and
subsequent banding of ROCs (OPSI, 2009) are examples of the
latter. There is also institutional risk, in terms of the confidence
that farmers have in the security of payments available through
contracts (Sherrington et al., 2008).

While difficult to model, the fact that farmers’ perceptions of
the risks associated with perennial energy crops have been
identified is an important step. As Meijer et al. (2007) point out,
identifying dominant sources of uncertainty can deliver valuable
insights for policy makers, who may choose to act to tackle these
barriers to adoption. Sherrington et al. (2008), for example,
suggest that farmer confidence in the security of the contracts
could be increased through government underwriting or some
form of insurance.

This paper therefore abstracts from these uncertainties, and
looks at the level of financial return required to motivate farmers
to adopt perennial energy crops under the assumption of a profit
maximising decision maker, and in the absence of previously
identified barriers.

4. Methodology for application of the farm level model

A generic linear programming model for farm-level analysis,
developed at the Scottish Agricultural College (SAC) was used to
assess the likely uptake of perennial energy crops at different
gross margins under the assumption of a profit maximising
decision maker, as outlined above. The model can be calibrated to
represent any particular farm situation, in terms of basic resource
endowments, and run using Visual Basic for Applications and
Microsoft Excel Solver to simulate representative or real farm
situations. The model has been used in various studies, e.g. Revell
and Oglethorpe (2003), to analyse the economic impacts of policy
developments on farm businesses, particularly relating to how
enterprise substitutions may occur. The model incorporates all
major cropping and livestock activities carried out on UK farms
and can thus be calibrated for all mainstream farming types
(University of Cambridge, 2005). The objective function of the
model is to maximise the overall farm gross margin (revenue
minus variable costs) in a single year (SRC willow and miscanthus
gross margins are therefore represented as annual equivalent
values) within the constraints of available resources such as land,
labour, and machinery.

Gross margins are not explicitly entered into the model for
conventional crops, but are implicit from the variable costs
involved in production, relating for example to seeds, fertiliser,
and herbicides, and the revenue based on the yield and the prices

received. For the purposes of this exercise, energy crops are
included in the model as an extra activity available to the farmer.
This energy crop option does have an explicit gross margin. The
model proceeds through a number of runs, with the objective of
maximising the whole farm gross margin. With each run of the
model, the gross margin attributed to energy crops is gradually
increased, and the effect of this on the amount of land allocated to
energy crops is observed. Having identified the gross margin that
is necessary to bring about a certain level of uptake, the price/
yield/subsidy combination necessary to achieve such a gross
margin is considered.

Fixed costs are included in the modelling in order to calculate a
net margin for SRC and miscanthus, but the allocation of land to
energy crops in the model is determined simply by the energy
crop’s gross margin. It is considered likely that for most farmers
the establishment and harvesting of perennial energy crops will
be undertaken by contractors (University of Cambridge, 2005;
Sherrington et al., 2008), and this is reflected in the model where
these activities make no call on the farm's labour or machinery
resources. For conventional crops, however, farms have a choice
of using on-farm machinery and labour, which is effectively a
fixed-cost aspect, or alternatively, once these resources are fully
allocated, contractors and related machinery can be brought in. It
is worth noting that the use of contractors for conventional crops
represents a variable cost attributed to the specific activity, and
will therefore reduce the gross margin of that particular activity.

It was decided not to attempt explicitly to consider risk within
the model because, as outlined above, the risks associated with
growing perennial energy crops are different from those related to
conventional crops. In addition to potential variations in price and
yield, a number of specific concerns stem from the position of
perennial energy crops at the interface of agricultural and energy
policy. Alongside this changing regulatory framework is the
perceived institutional risk associated with contracts. The
approach taken, therefore, is to abstract from these previously
identified risks (Sherrington et al., 2008; Sherrington & Moran,
2008) and examine theoretical uptake under the assumption that
these barriers to adoption had effectively been tackled through
policy intervention.

The model was used by University of Cambridge (2005) to
predict uptake of perennial energy crops at different gross
margins across four of the major farm types (cereal farms, mixed
farms, general cropping farms, cattle and sheep (lowland) farms).
However, in the context of the subsequent significant global rise
in the price of agricultural commodities such as wheat (FAO,
2007; Farmers Weekly, 2009b) and the role that biomass is due to
play in the UK Government's approach to tackling climate change
{DECC, 2009a) it is important to reassess the gross margins that
would be required to stimulate production to the level necessary
to meet the theoretical potential. The four representative farm
types are distinguished in the model principally on the basis of
the number of hectares of different land types available for
different activities. As in the University of Cambridge (2005)
study, each of the farm types were split into three size groups
based on classifications from the Farm Accounts in England
(Defra, 2002) (see Table 1). As with the University of Cambridge
(2005} study, within the model energy crop production can only
occur on tillable land. It is recognised that this is a simplification
in that some farmers may choose to plant perennial energy crops
on less productive soils, although the yield and therefore gross
margin would be lower in these cases.

With an increase in agricultural commodity prices over the
past few years, UK farmers are now achieving higher gross
margins for a number of conventional crops. A typical gross
margin for winter wheat, for example, has increased from £301/ha
(University of Cambridge, 2005) to £738/ha (SAC, 2007b). While
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Table 1
Farm types used in modelling exercise.

Farm type Size Total area farmed Semi-natural Permanent pasture Tillable land (ha)
(ha) pasturefrough (ha)
grazing (ha)

Cereal Small 60 0.5 8.7 50.8
Medium 143 1.1 13.5 128.4
Large 392 12 21.5 360.3

Mixed Small 90 0.1 29 60.9
Medium 125 0.5 37.1 87.4
Large 286 6.6 69.6 209.8

General cropping Small 63 o 4 64
Medium 88 0.1 8.7 79.2
Large 359 3.7 234 3319

Cattle and sheep (lowland) Small 80 2 51.2 26.8
Medium 121 0.1 78 429
Large 205 5 914 108.6

Table 2

Yields, outputs, variable costs and gross margins of conventional crops (Source: Farm Management Handbook; SAC, 2007b).

Winter wheat Winter barley Winter pats Oilseed rape Field beans
Yield
Yield (grain/seed) (t/ha) 8 7.5 7.5 4 5
Yield (straw) (t/ha) 52 5.6 6.4
Output
Grainfseed (£]t) 115 105 105 185 135
Straw (£/t) 25 30 35
Grainfseed (£/ha) 920 788 788 740 G674
Straw (£/ha) 130 168 224
Total output (E/ha) 1050 956 1012 740 674
Variable costs
Seed (£/t) 275 270 290 7000 350
Seed (£/ha) 63 59 55 45 88
Fertiliser 143 134 98 127 31
Contract 48 43
Sprays 92 60 59 84 91
Other crop expenses 14 15 17
Total variable costs (E/ha) 312 268 229 304 258
Gross margin 738 688 783 436 417

the prices achieved for such crops have increased considerably,
the focus group participants suggested that prices offered for
energy crops have failed to keep up. Prices, and input costs, for
conventional activities included in the model (see Table 2) were
updated using the 2007/2008 edition of the Farm Management
Handbook (SAC, 2007b), and the analysis re-run to investigate the
gross margins that would have to be achieved by energy crops to
bring about adoption.

Prices were based on a single year rather than taking a
weighted mean of prices over 5 years, as it was felt that doing so
would not accurately reflect the price expectations of farmers.
Among focus group participants (Sherrington et al., 2008) there
was much speculation (and some excitement) as to how high the
wheat price might go. UK wheat futures rose from around £90/t in
January 2007 to a peak of £190/t in March 2008. While they have
subsequently fallen back, the current futures price for feed wheat
for delivery in November 2010 is £115/t (Farmers Weekly, 2009a),
which is well above the 5 year average. Moreover, the OECD’s
outlook for the next decade is that agricultural commodity prices
will remain at a higher level than in the past 10 years (Farmers
Weekly, 2009b). Therefore, the prices used in the model, as shown
in Table 3, while above the 5 year average, are well below the
peaks of recent years.

Table 3
Comparison of conventional crop prices between 2002/2003 and 2007/2008
(Source: Farm Management Handbook; SAC, 2002; SAC, 2007b).

Activity Price (£/t) 2002-2003 Price (£/t) 2007-2008
Winter wheat 70 115
Winter barley 66 105
Winter oats 56 105
Oilseed rape 144 185
Field beans 74 135

A simple budgeting analysis would suggest that new activities
would have to provide gross margins greater than those for
alternative crops in order to be adopted. However, agronomic and
practical constraints prevent farmers from growing a single but
profitable crop. Instead, crop interactions within a rotation give
rise to an optimum combination of crops within a farm business.
One advantage for SRC willow and miscanthus in this respect, as
perennial crops, is that they fall outside of any rotational
constraints.
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5. Energy crop cost, yield, and price assumptions

All periodic variable costs such as harvesting, and assumptions
relating to yield, for both SRC willow (9 odt/ha/yr) and mis-
canthus (14 odt/hafyr), are held at the same levels as the standard
assumptions used by University of Cambridge (2005). For SRC
willow at 9 odt/ha/yr the contract costs for each harvest are taken
to be £311/ha. The marketing costs (for loading, weighbridge
charges, and moisture testing) are £135/ha (£5/odt), and the
handling & drying costs are £162/ha (£6/odt). This gives total
variable costs in the harvest year of £608/ha, or approximately
£203 on an annual basis.

For miscanthus, assuming yields increase up to 14 odt/ha/yr,
the contract costs for each harvest are taken to be £92/ha. The
marketing costs are £45/ha (£3.20/odt), and the handling and
drying costs are £56/ha (£4/odt). This gives total variable costs in
the harvest year of £193/ha. These cost figures, for both SRC
willow and miscanthus, are consistent with those currently used
by the TSEC-Biosys programme, and have been validated through
discussions with industry (Bauen, 2008).

The establishment costs and associated grants, however, are
updated to take account of the more recent work for Defra by
Jones (2007). The ex-farm price for SRC willow has been increased
to £40/odt, to represent contracts currently available to farmers in
the vicinity of Drax power station (CRL, 2008). The ex-farm price
for miscanthus has been increased to £60/odt, as per contracts
now available to farmers wishing to supply Drax (Farmers
Weekly, 2008). These costs and assumed revenues over a 16 year
period are discounted at 6%, representing the farmer's cost of
capital, to give a net present value (NPV) and an annual equivalent
value (AEV). The AEV represents the gross margin when making
the comparison with conventional annual crops.

6. Results

This section first presents the calculated likely gross margins
for SRC willow and miscanthus, followed by model results
showing the gross margins that would be required to achieve a
certain level of uptake.

Table 4

6.1. Energy crop gross margins

As with any discounted cashflow model, increased costs in the
year of establishment (year 0), have a greater impact on the NPV
and AEV than any increases in subsequent years. The figures
presented by Jones (2007) mean that SRC willow delivers a lower
gross margin under standard assumptions (see Table 4) than
previously reported by University of Cambridge (2005), even
when increasing the price from £35/odt to £40/odt. If the price
were taken to be £44/odt, then the gross margin is £98/ha, barely
changed from the University of Cambridge (2005) figure. It is of
interest, however, to consider the impact of an increase in the
price for SRC willow to levels suggested by Valentine et al. (2008).
The authors suggest that £45-60/odt is a more realistic price in
terms of the developing market. This would deliver a gross margin
of between £106/ha and £221/ha. A higher potential value of
E75/odt is suggested as better representing the inherent energy
value. This would deliver a gross margin of £337. However, for the
purposes of this exercise, the use of the £40/odt figure is justified
as this represents what is currently available on a large scale
contract.

Miscanthus, on the other hand, now shows a greatly increased
gross margin of £444/ha based on the significant increase in price
to £60/odt (see Table 5). However, it is not clear whether this
price would be offered for supply to facilities other than Drax. Had
the price remained at £25/odt, the effect of the revised
establishment costs and grant levels would have been to reduce
the gross margin to £35/ha. Working on the estimated price
quoted by Nix (2007) of £35/odt, the gross margin would
be £152/ha.

6.2. Model results

The figures below show the uptake for each farm type and size,
for 2002/2003 prices of competing activities and for 2007/2008
prices. In general terms, the higher prices obtained for conven-
tional crops in 2007/2008 have led to an increase in the gross
margin that is required before energy crops are adopted. Once
they are adopted, the models show smaller proportions of the

Effect of revised establishment costs and grant levels on gross margin of SRC willow under standard assumptions.

Amended establishment costs
and grant level as per Jones

University of Cambridge (2005)

(2007)
Price Efodt 35 40
Yield odt/hafyr 9 ]
Energy crop payment £fha 30 30
Establishment costs £/ha 1273 1663
Establishment grant £fha 1000 665
Gross margin £/ha 97 67
Table 5

Effect of revised establishment costs and grant levels on gross margin of miscanthus under standard assumptions.

University of Cambridge (2005)

Amended establishment costs
and grant level as per Jones

Price E£/odt
Yield odt/ha/yr
Energy crop payment Ejha
Establishment costs Efha
Establishment grant Efha
Gross margin Efha

(2007)
25 60
14 14
30 30
1691 2000
920 800
75 444

(2010), doi:10.1016/j.enpol.2010.02.034

Please cite this article as: Sherrington, C., Moran, D., Modelling farmer uptake of perennial energy crops in the UK. Energy Policy




6 C. Sherrington, D. Moran / Energy Policy u (55u8) ma-um

Table 6

Modelled aggregate uptake of energy crops over four farm types in England at different gross margins.

Type of Size Average size Number of  Total % uptake Total area of % uptake at  Total area of % uptake Total area
farm (ha) farms area at GM of energy crops GM of £125] energy crops at GM of of energy
(ha) E100/ha (ha) ha (ha) £150/ha crops (ha)
Cereals Small 60 5653 339,180 - - 48 162,806 49 166,198
Medium 143 5045 721,435 - - 40 288,574 61 440,075
Large 392 4085 1,601,320 67 1,072,884 76 1,217,003 76 1.217.003
Mixed Small 90 3015 271,350 - - 31 84,119 31 84,119
Medium 125 2091 261,375 - - - - - -
Large 286 1981 566,566 = - 5.6 31,728 7 39,660
General Smail 68 1796 122,128 48 58,621 48 58.621 54 65,949
cropping
Medium 88 2569 226,072 - - 24 54,257 30 67,822
Large 359 3278 1,176,802 27 317,737 52 611,937 55 647,241
Cattle and  Small 80 7545 603,600 - - 8 48,288 27 162,972
sheep
(low-
land)
Medium 121 1384 167,464 - - - - 4 6,699
Large 205 436 89,380 - - 32 28,602 2 1,788
Total area 6,146,672 1,449,242 2,585,935 2,899,525
(ha)

farm being allocated to energy crops in the 2007/2008 scenarios
for a given gross margin. This is in line with the intuitive
assumption that higher prices for alternative crops would
increase the return required from energy crops before adoption.

As with all linear programming models, understanding the
underlying assumptions is important in interpreting the results.
One assumption is that the model is constrained so that farms are
engaged in some farming activity. This means that the level of
uptake for the 2002/2003 results is considered to be exaggerated
at lower levels of gross margin, because until the gross margin
reaches a certain level, the farmer may well choose simply to take
the single farm payment, which is not linked to production, and
undertake the minimum necessary to achieve ‘Good Agricultural
and Environmental Condition' (GAEC) which is a requirement
for receipt of the payment (University of Cambridge, 2005). In
reality, this is less likely to be the case in the 2007/2008 run of
the model where high prices for conventional crops mean
farmers are seeking to bring more land back into production
(Farmers Weekly, 2007).

As noted by University of Cambridge (2005), uptake of energy
crops in the model appears to occur at levels of gross margin
lower than would be expected given the gross margins of
conventional crops. With gross margins of £125/ha, most of the
farm types/sizes modelled have adopted energy crops to some
extent, and by £150/ha, all but one of the models have done so.
This is related to the fact that the energy crop gross margins
include the costs of machinery and labour as most work is
undertaken through contract. In the model farms have a choice of
using on-farm machinery and labour, which is effectively a fixed-
cost aspect, or alternatively, once these resources are fully
allocated, contractors and related machinery can be brought in,
but these will represent a variable cost attributed to the specific
activity, and will therefore reduce the gross margin of that
particular activity. It is noticeable in this respect that larger farms
generally seem to have lower thresholds for uptake. A large
proportion of cereals are grown with the use of contractors on the
larger farms, which reduces their gross margin accordingly and
therefore reduces the level of gross margin necessary before
energy crops become viable, and leads to higher uptake at lower
gross margins (University of Cambridge, 2005). This reflects the
reality that on farms where there is an existing labour force and

sufficient machinery to undertake all tasks, energy crops are less
likely to be adopted. If they were, and contractors were brought in
to do the work (and focus group findings suggested that farmers
would almost always want a contractor to undertake the
specialised work), the fixed labour costs would still have to be
paid even if staff were standing idle.

The model also shows major changes in cropping with
relatively small changes in the gross margin of energy crops.
Again, this is due to the underlying assumptions within the
model, such that once the gross margin for energy crops is higher
than alternative activities, large changes occur. In practice, this is
thought unlikely to take place due to farmers’ aversion to
risk, which is not considered within the model (University
of Cambridge, 2005).

6.3. Aggregate levels of uptake

It is of interest to investigate what the observed results at the
farm-scale might mean in terms of production on a regional
or national basis. At the simplest level, this involves aggregation
of the farm-level results. However, it is important to note
that when reporting farm-level results, no account is taken of
longer term market conditions, and the 'small firm’ case prevails
where no endogenous changes in demand or supply are
implemented by the model. Therefore, as supply levels shift, the
resultant changes in price are not accounted for, and should be
borne in mind when interpreting such aggregated estimates
(Revell and Oglethorpe, 2003).

Table 6 shows the results for each of the 12 farm type and size
combinations when aggregated using data on the number of such
businesses in England from the June Census (Defra, 2002). These
indicate that on comparison of financial returns alone, and
abstracting from known barriers to adoption, the theoretical
potential of 350,000 ha for the UK as a whole (Defra, 2007) should
readily be achieved.

Taking the estimated price quoted by Nix (2007) for
miscanthus of £35/odt to be representative of what has been
available to farmers in recent years, the gross margin would
typically be £152/ha. At this level, as shown in Table 6, the models
show an aggregate uptake of almost 2.9 million ha, which is over
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eight times the theoretical potential as considered by Defra
(2007). While this is likely to be an exaggerated level, as it does
not account of any changes in price as a response to increased
supply, notwithstanding the general reluctance on the part of
farmers to make large changes to their cropping plan simply on
the basis of a more competitive gross margin, it does demonstrate
that for many farms, a crop providing these returns, using a price
at the lower end of what is currently available, should be
attractive. The most recent available figures on miscanthus
uptake indicate an area of 12,627 ha in England (Defra, 2006),
which is less than 0.5% of the modelled level.

7. Discussion

It is possible to identify from Figs. 1-4 the general trend in
uptake of the energy crop option, resulting from increased prices
for conventional activities. One might quite reasonably assume
that taking an average of prices between 2002/2003 and
2007/2008 might generate levels of energy crop uptake that
follow the same trends, but lying between the levels shown for
the different years. The results of this model should not, however,
be taken as a forecast for a number of reasons that have been
outlined in the text. These include the novel nature of the crops,
the lack of an established market, and the associated risks as
perceived by farmers.

Previous research has identified that in general there tend
to be fewer barriers to the adoption of miscanthus than there
are for SRC willow (Sherrington et al., 2008). Even so, miscanthus
is clearly not yet an attractive crop for farmers to the extent
that might be expected given the current estimated level of
return. This discrepancy between the modelled results and the
area of land that has actually been committed to miscanthus,
which is also due in part to the limited number (and distribution)
of dedicated biomass and co-firing power stations, highlights the
significance of these barriers and the threat that they pose to the

attainment of the technical potential of perennial energy crops in
the UK (Defra, 2007).

The actual supply response of UK farmers to perennial energy
crops, given the current energy and agricultural policy environ-
ment, is clearly going to be different from the modelled supply
response. Farmers perceive these novel crops to present a greater
risk than conventional annual crops, for numerous reasons
outlined above, and will not simply switch to them when the
predicted gross margin is slightly higher than for an existing
activity. For most farmers, there should, however, come a point
when the price offered for miscanthus or SRC willow is
sufficiently high to overcome these other concerns. When this
occurs, in effect, payment will accurately reflect the premium for
the risk that individual farmers believe they are taking. An
interesting example to observe will be farmer uptake of the
£60/odt contracts for miscanthus offered by Bical for supply to
Drax (Farmers Weekly, 2008). Over time, increased uptake and
farmers’ increased familiarity with the crops should act to reduce
the required risk premium.

The prices offered by these contracts have been calculated in
this paper to deliver a gross margin of £444/ha. While this may
well be sufficiently attractive to enough farmers for Drax's supply
expectations to be realised, it would seem, from the model, that a
considerable risk premium is being paid. It is therefore worth
assessing the impact of current agricultural and energy policy on
the perception of risks relating to these crops, the extent to which
this is dealt with in contracts, and considering what approaches
might serve to lower the perceived risks, and thus lessen the
barriers to adoption.

7.1. Agricultural policy support for perennial energy crops

A number of grants have been available to farmers throughout
the UK for the establishment of SRC willow and miscanthus with
an energy end use in mind. In England, the Energy Crops Scheme
(ECS) wunder the 2000-2006 England Rural Development
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Fig. 1. Uptake of perennial energy crops on cereal farms.
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Fig. 3. Uptake of perennial energy crops on general cropping farms.

Programme (ERDP) offered £1000/ha for SRC willow and £920/ha

for miscanthus. This scheme closed to applicants in the summer of
2006, and has been superseded by a new ECS (2007-2013), which
opened in October 2007.

The main difference with the new scheme is that for both SRC
and miscanthus, payment will be based on 40% of actual
establishment costs instead of a fixed hectarage basis (Natural

England, 2007). Taking Defra's estimate of typical establishment
costs for SRC of £1663 (Jones, 2007) the grant will be reduced
from £1000/ha to £665/ha. For miscanthus, the estimate of
establishment costs is £2000/ha (Jones, 2007), and thus the grant
will be £800/ha.

Sherrington et al. (2008) identified that the establishment
grant is of key importance to focus group participants. Very few
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Fig. 4. Uptake of perennial energy crops on cattle and sheep (lowland) farms.

would consider growing perennial energy crops in the absence of
the grant, due to high upfront costs and uncertainties over the
resulting net income (Sherrington et al., 2008). While farmers still
have concerns over the security of income from energy crop
contracts (Sherrington et al., 2008; Sherrington and Moran, 2008),
this reduction in the level of upfront support does not appear to
be consistent with the aim of encouraging a wider uptake
(Defra, 2007). From the perspective of farmers taking part in the
focus groups, this would make the crops less attractive.

7.2. Energy policy support for perennial energy crops

The Renewables Obligation (RO) is the UK Government's key
policy mechanism for increasing the proportion of electricity
derived from renewable sources. Under the scheme there is
a mandatory requirement for UK electricity suppliers to source
a growing percentage of electricity from eligible renewable
generation capacity.

In April 2009, the RO changed from being ‘technology’ neutral,
awarding ROCs for every MWh of electricity produced from any
eligible renewable source, to providing different levels of support
to different technologies through ‘banding’. Technologies are now
grouped in ‘bands’, receiving 0.25, 0.5, 1, 1.5 or 2 ROCs per MWh,
based on their level of development and generation costs. This is
to encourage a greater diversity of renewable technologies and
give greater support for those technologies that are currently less
cost-effective. Under the amended Obligation, co-firing of regular
(non-energy crop) biomass, considered an established technology,
receives a reduced level of support of 0.5 ROCs, while co-firing of
energy crops is awarded 1 ROC for every MWh. Dedicated regular
biomass receives 1.5 ROCs, while energy crops in dedicated
biomass burners or in combined heat and power (CHP) receive 2
ROCs (OPSI, 2009).

Valentine et al. (2008) calculate that this additional 0.5 ROC
payment for energy crops should be worth £28.81 per odt to

electricity generators. This is based on the 2007/2008 ROC buyout
price of £34.30 (BWEA, 2008) and a value to generators of
1.68 MWhe/odt (assuming wood at 35% moisture and with 35%
conversion efficiency) (Valentine et al., 2008). This figure does not
seem to account for a typical supplier margin, with the average of
industry data showing that 88% of the ROC value is actually
received by generators, the remaining 12% being held by the
suppliers of electricity to end consumers (Carbon Trust, 2005).
However, with the current traded ROC price of approximately
£53/MWh (NFPA, 2009), it could be assumed that the additional
0.5 ROCs is worth approximately £39 per odt to generators. How
much of this value might then be passed through to energy crop
growers is uncertain.

Sherrington and Moran (2008) conclude that while farmers in
general do not consider that miscanthus or SRC willow will give a
high gross margin, simply increasing the financial return from
these crops without addressing the concerns relating to security
of contracts and stability of income is unlikely to result in
widespread uptake. However, this is precisely what has happened
with banding of the Renewables Obligation, which gives
electricity generation from energy crops a higher level of support
than for electricity generation from regular biomass (OPSI, 2009).
This support is in fact directed towards the electricity supplier
rather than the farmer, but the expectation is that the higher
prices should, via the generator, feed through to farmers and
increase uptake (Valentine et al., 2008).

In combination with changing agricultural policy support, it
can be seen that there has been a shift in emphasis away from
upfront and direct funding to the farmer via establishment
grants towards the ‘indirect’ funding of electricity generation
from perennial energy crops, which should theoretically
deliver increased revenues to the farmer 4 years after initial
establishment of the crops. While farmers have concerns over the
security of income through currently available contracts, this will
serve to reduce the effectiveness of increasing the potential
financial return.

(2010), doi:10.1016/j.enpol.2010.02.034
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Heat generation from energy crops has long been recognised
by the Government as an efficient way to reduce carbon emissions
(DTl & Defra, 2006), and The Energy Act 2008 (HMSO, 2008)
allowed for the setting up of a renewable heat incentive (RHI).
This is due to be introduced in April 2011, and will provide
support for the use of perennial energy crops for heat generation
at all scales. (DECC, 2009b). Farmers participating in the focus
group discussion felt that the lack of an incentive for renewable
heat was a significant barrier to the development of energy crop
supply, particularly for SRC willow. It was strongly felt that the
financial return could be greater, and contractual security
improved, if farmers were supplying local schools, hospitals or
leisure centres (Sherrington et al., 2008).

7.3. Contracts available for SRC willow and miscanthus

Coppice Resources Ltd. (CRL) offered farmers contracts, in
2007, to supply Drax, with retail price index (RPI) linked
payments for the harvested crop of around £37.50/odt (ex-farm
at 35% moisture content) (CRL, 2007). These have since been
increased to £40fodt (CRL, 2008). CRL also offer a contract for
supply to the Biojoule pellet plant, at £15/odt for the standing
crop, with all harvesting, handling and haulage costs covered by
CRL. A further contract is available to supply the Sembcorp Wilton
10 power station on Teeside. In 2007, this offered £41.50/odt
(delivered price at £35% moisture content). This has since been
increased to £61/odt, but a formula is used to account for the
amount of fuel needed to dry the chip down (CRL, 2008). At 35%
moisture content, and using CRL's assumption of £12/odt for
haulage costs, the price equates to approximately £44/odt
ex-farm. As of October 2008, CRL has no growers lined up to supply
SRC willow to Drax, Biojoule, or Sembcorp Wilton 10 (CRL, 2008).

Valentine et al. (2008) consider that current prices offered for
SRC willow do not fully reflect the value of the crop. In their
analysis they consider £45-60/odt to be a more realistic price in
terms of the developing market, and £75/odt a higher potential
value based on inherent energy value. The forthcoming RHI raises
the likelihood that prices for SRC willow will indeed increase in
future years.

Nix (2007) quotes a price range for miscanthus of £25-£45 per
odt, based on information supplied by Bical, and uses £35/odt to
illustrate a gross margin calculation. More recently, a price of
£60/odt ex-farm has been quoted as available through Bical to
supply Drax (Farmers Weekly, 2008; Farmers Guardian, 2008).
This represents a substantial improvement on the previous prices
available for miscanthus ]

It is not clear, however, that this price will become available to
farmers wishing to supply facilities other than Drax. As an
independent power producer operating one 4000 MW coal fired
power station, they are not representative of the vertically
integrated power companies that constitute the majority of the
UK's electricity generation. Drax's expenditure on carbon
allowances within the EU Emissions Trading Scheme increased
from £11 million in the first 6 months of 2007, to £107 million in
the first 6 months of 2008. This is due both to a reduction in the
number of free allocations awarded to Drax under Phase II, and an
increase in the cost of the allowances that must be purchased
(Carbon Finance, 2008). This would have the effect of making
combustion of biomass relatively more attractive due to the
benefits of avoided carbon costs. While the carbon neutrality of
biomass under the EU-ETS increases its attractiveness to all power
producers, other generators with a less carbon intensive mix of
coal, gas, and renewable generation may not be under such
pressure.

Importantly, Bical has introduced a scheme for deferred
payment of 43% of the first 2 year’s costs (Farmers Weekly,
2008). The deferred payment scheme would also appear to
address one of the key concerns that farmers have about perennial
energy crops, which is the issue of cashflow difficulties in the
period before the first harvest (Sherrington et al., 2008). The
reduction in the establishment grant will have made this deferred
payment scheme even more important.

7.4. Tackling barriers to uptake in a cost-effective manner

Widespread adoption of energy crops could bring societal
benefits in terms of both cost-effective reductions in carbon
emissions, and increased security of energy supply.

Use of perennial energy crops, and in particular using SRC
willow for heat generation has been demonstrated to be a cost-
effective approach to reducing carbon emissions (University of
Cambridge, 2005). There are also some important arguments in
relation to security of energy supply that cannot readily be
incorporated into models as presented in this paper. All things
being equal, it might be expected that UK citizens would place a
premium on an energy source that was guaranteed to contribute
to UK supply, as opposed to imports of, for example, natural gas
that are seen as ‘less secure’. While there is a lack of empirical
evidence that would enable such a premium to be modelled in
respect of potential future uptake, in future years it may well be
that such a premium becomes apparent, to the benefit of UK
growers of energy crops.

However, current farmer perception of the risk involved in
growing perennial energy crops, allied with the way agricultural
and energy policy is formulated threatens to either:

(a) Prevent such potentially cost-effective carbon reduction
options taking place (at least on anything other than a
relatively small scale); or

(b) Increase the overall cost of reducing emissions in this way.
Through the approach of increasing the contract price to such
a point that it provides sufficient risk compensation for
individual farmers to adopt such crops, the cost-effectiveness
of this measure as a way of reducing carbon emissions,
decreases.

The results from the modelling show that without the barriers
to adoption, farmers would adopt energy crops at a lower gross
margin than they would require at present given the perception of
risk that exists. This leads to inefficient outcomes at the societal
level. Farmers miss out on an opportunity to diversify and
establish new markets, energy suppliers (and ultimately con-
sumers) pay higher prices than they otherwise would, and an
opportunity to abate carbon at a lower cost is foregone.

There are a number of potential advantages for society as a
whole that arise when risks in agriculture are shared, through
routes such as insurance, marketing contracts, or external equity
financing (Meuwissen et al, 2000). One key benefit is that the
possibility of sharing risks permits individuals to engage in risky
activities, which they would otherwise not undertake. In so doing,
the expected return to society is increased over what would
prevail if individual agents were constrained to accept only those
risks they could afford themselves to bear (Arrow, 1992; Hardaker
et al,, 1997; Rejda, 1998). In addition, if farmers can trade away
part of their risks so that they can move closer to the point of
expected profit maximisation — but not fully because there are
costs involved - the result will be a more socially desirable
allocation of resources (Myers, 1998). Moreover, if farmers need
to put less effort into on-farm methods of avoiding risks, they

(2010), doi:10.1016/j.enpol.2010.02.034
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might well be able to use their resources more efficiently, which
in turn implies greater overall efficiency in resource use
(Hardaker et al., 1997; Rejda, 1998).

In the context of perennial energy crops, a form of insurance
available to growers that would serve to reduce concerns about
the security and stability of incomes from contracts, would have
the wider societal benefit of enabling cost-effective reductions in
carbon emissions, alongside the potential energy security bene-
fits. Until the market becomes more established, there is arguably
a role for Government in acting as guarantor, or at least becoming
more actively involved in the provision of a form of insurance.

In tackling the known barriers to adoption in this way, the
actual supply curve would move closer to the modelled supply
curve. As outlined by Sherrington and Moran (2008), perception
of financial return from perennial energy crops is not simply a
question of anticipated gross margin. Of greater concern to
farmers is the security and stability of income from contracts,
disruption to cashflow, and reduced farm business flexibility.
While the issue of reduced farm business flexibility is difficult to
address, concerns over security and stability of income from
contracts could be tackled through Government intervention
to establish an insurance scheme. In addition, the design of
the contracts themselves can help to reduce the disruption to
cashflow. The contracts recently offered by Bical demonstrate this
in offering deferred payment of 43% of the first 2 year's costs
(Farmers Weekly, 2008).

Directly tackling these known barriers to adoption in this way
would lead to uptake of perennial energy crops by farmers at
lower gross margins, would help the market to become
established, and enable the achievement of carbon reductions at
a lower cost than would otherwise have been the case.

8. Conclusion

Farm-level modelling suggests that miscanthus, at current
prices, should be more widely adopted than is the case. This lends
support to the existence of previously identified barriers to
adoption (Sherrington et al., 2008; Sherrington and Moran, 2008).
SRC willow, on the other hand, remains less financially
competitive at present, although the potential for higher prices
for heat use is apparent.

Establishment grants are of key importance in encouraging
farmers to adopt these crops, as farmers have concerns with the
security and stability of income from the available contracts.
However, the establishment grants for both miscanthus and SRC
willow have been reduced, with greater emphasis now being
placed on higher prices available to farmers through contracts.
This has meant a drop in the proportion of income that is received
upfront and seen by farmers to be secure, and a greater emphasis
on deferred income, perceived as less secure. While increasing
prices should eventually compensate for the perceived risks
facing the individual farmer, this would appear to be an
unnecessarily expensive approach when a large number of these
risks have already been identified.

An alternative approach, outlined in this paper is for
Government directly to address farmer concerns about security
and stability of income from contracts through the establishment
of an insurance scheme, and for the contracts themselves to be
amended to allow for a smoothing of farmer cashflow. This would
have the effect of bringing the actual supply response closer to the
modelled supply response, and increasing the uptake among UK
farmers at lower gross margins. This would allow the achieve-
ment of carbon reductions at a lower cost than would otherwise
be the case.
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Abstract

This paper uses cost-benefit analysis o assess the economic [easibility of a large scale windfarm project. taking into account positive
and negative externalities of generation. The issue of non-use value (i.e. a welfare change among those who will never visit the area and
see the windfarm) is addressed with reference to the study by Bergmann et al. [2006. Valuing the attributes of renewable energy
investments. Energy Policy 34, 1004-1014], which determined a social cost of £19.40 per household for the non-use disamenity associated
with a large scale windfarm in Scotland. This paper demonstrates the extent to which this estimate affects the economic feasibility of the
project. We find that for all but one of the 16 scenarios considered, the project returns a positive net present value despite the inclusion of
this non-use value, thus suggesting that in these cases the windfarm delivers a net welfare gain to society.

€ 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The projected increase in renewable generation capacity
in Scotland raises a number of questions about the
economic feasibility of renewable energy supplies. In
addressing a global external cost, that of climate change,
the development of renewables can give rise to other social
costs that are predominantly domestic. Considering the full
economic costs, some technologies (e.g. onshore wind
power) may be less favoured since they give rise to visual
disamenity that some communities feel disproportionately
affected by Simpson (2004). In Scotland, there is an
ongoing public debate on the issue of the visual impact of
windfarms on the landscape. However. apart from
Kennedy (2005), addressing offshore installations on the
US eastern sea board, there has so far been no assessment
of how such social costs may affect the economic feasibility
of specific wind energy projects.

Accordingly, this paper presents the results of an
economic cost-benefit analysis (CBA) of a large scale
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onshore wind energy project in southern Scotland. The aim
is to consider the widest social perspective on the project
taking both positive and negative externalities into
account. The paper is structured as follows. First, we
provide some background to the energy strategy in
Scotland: a country well positioned to make greater use
of renewable energy sources and currently undergoing
change in its electricity generation mix. This section will
also consider current hurdles to the development of
renewable energy projects. Next, the project case study is
introduced as a basis for quantifying the range of relevant
costs and benefits and assumptions for an economic
appraisal. The paper then presents the results of a formal
appraisal and sensitivity analysis. The final sections offer
discussion and conclusions on research gaps hindering
the further development of wind capacity in Scotland and
the UK.

1.1. The changing patterns of electricity generation in
Scotland

While overall UK energy policy is still reserved to
Westminster, following devolution in 1999. substantial
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areas relating to energy policy are now devolved to the
Scottish Executive. These include the promotion of renew-
able energy and energy efficiency. consents for new
electricity generating plant and transmission lines, and
land-use planning (Scottish Executive, 2006a). Under
Section 36 of the Electricity Act 1989 applications to build
onshore windfarms with an installed capacity in excess of
50 MW are made to Scottish Ministers. Below this size,
applications are made to the local planning authority,
and considered under the Town and Country Planning
(Scotland) Act 1997.

This new responsibility comes at a time when the
electricity supply industry in Scotland is set, over the next
10-20 years, to undergo a period of rapid transformation.
This change is being driven by a range of internal and
external factors (see Macleod et al., 2006). An outcome of
this transition is a move towards an energy mix that gives
greater weight to renewables. The Scottish Executive has
set two targets for use of renewable power sources. By
2010, 18% of electricity consumed should come from
renewable generation, rising to 40% by 2020 (Scottish
Executive, 2003). In 2005, the Scottish Ministers re-
confirmed the 2020 target, quantifying it as 6 GW (Giga-
watts) of installed renewables capacity, confirming that this
figure should not be regarded as a cap on development
(Scottish Executive, 2005).

A study by Scottish Renewables indicates that by April
2006, 2 GW of installed renewable capacity was operating
in Scotland. Across 12 months, this capacity should
generate around 18% of the anticipated Scottish demand
for electricity. thus meeting the 2010 target three years
ahead of schedule. The study anticipates that by 2010 over
30% of Scotland’s electricity could come from renewables,
and over half by 2020 (Scottish Renewables, 2006).
Onshore wind is expected to play a significant role, with
a predicted 2.7 GW installed capacity generating 20% of
Scotland’s demand for electricity in 2010, and 4.2GW
installed capacity generating 29% in 2020.

Environmental and economic benefits and costs will
accrue to Scotland as a result of these increases in the
capacity of onshore wind. ;

1.2. Possible problems with wind energy

Several arguments are used to oppose windfarms.
A commonly cited concern relates to the potential
“intermittency” or more accurately the variability of
electricity supply from wind power (ECI, 2005), and the
requirement for back up generation capacity. All gen-
erators including fossil fuel and nuclear plant need back
up, and it is not the case that a dedicated plant would have
to be constructed to be held in reserve for windfarms. In
Scotland, when production from dispatchable balancing
plant is required to make up for an anticipated shortfall in
supply, there are a number of options available. These
include approximately 1.3GW of hydro-electric plant,
700 MW of pumped storage, and 500 MW from fast-

starting generators and interconnections to England and
Northern Ireland (Scottish Executive, 2006b).

A further concern is the potential for intrusive noise both
during construction and operation of the windfarm,
although recent advances in turbine design have reduced
both mechanical and aerodynamic noise. However, the key
motivation for anti-windfarm campaigners is opposition to
the visual despoliation of valued landscapes (Pasqualetti
et al., 2002; Burall, 2004). The landscape impacts are
exacerbated by the fact that the locations with the highest
wind resource are often precisely those exposed upland
areas which are valued for their scenic qualities and which
are often ecologically sensitive. Opponents not only high-
light the scenic impact of the turbines themselves, but also
emphasize the visual impacts of the associated construction
and upgrades to the electricity transmission system
(Warren et al., 2005).

This disquiet about the installation of wind capacity is
often expressed in a somewhat unspecific way, combining
elements of both use value (residents and visitors who will
see—and possibly hear—the windfarm) and non-use value
(those who may never visit the area and see the windfarm).
In other words, some altered landscapes may affect
people’s welfare because their use experience is tarnished.
For others, the option to visit a landscape free of turbines,
or simply the knowledge that a ““pristine’” landscape exists
is a primary reason for valuing the status quo.

While it is technically possible to quantify these views,
there is limited empirical evidence. A study of public
perceptions of wind power in Scotland and Ireland
suggested an “inverse NIMBY™ syndrome, where those
with windfarms in their “‘backyard™ strongly support the
technology (Warren et al., 2005). But a study on non-use
value impacts suggests that a large (160 MW) onshore
windfarm with a considerable landscape impact, results in
a welfare loss of £19.40 per household per year (Bergmann
et al., 2006). The details and application of this value are
discussed later in this study.

1.3. The project

The case study is a proposed windfarm is located in the
Upper Clyde Valley in South Lanarkshire, Scotland. The
scheme proposes the installation of 173 wind turbines each
with a generating capacity of 3.6 MW, a hub height of 80 m
and a blade diameter of 90m (total height 125m). It is
proposed that one of the turbines will have a viewing
platform. Taking three years to construct, the project is
designed with an operational life of 25 years (Map 1).

With a total installed capacity of just over 620 MW, the
developers suggest that the site will generate enough
electricity to power up to 440,000 households, and
will contribute 0.5% towards the Government's target of
10% of the UK’s energy coming from renewable sources
by 2010.

The site is divided by the M74 motorway running
between Abington, Elvanfoot and Crawford. It occupies
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Map 1. Location of the proposed Clyde windfarm (i Ordnance Survey).

approximately 4750 ha (hectares) of farmland, consisting
mainly of permanent grassland currently used for sheep
grazing, and areas of commercial forestry and heathland.

2. Social cost—benefit analysis (CBA)

While it is possible to adopt a private perspective on this
project, the presence of wider external costs and the level of
public disquiet suggest a more stringent test of economic
viability. Social CBA offers a consistent analytical frame-
work for decision-making and is typically designed to help
decision-makers allocate scarce resources by determining
which option among a competing set should be selected in
order to maximize social welfare. This welfare objective
encompasses measurable monetary benefits as well as more
intangible non-market benefits or public good externalities.
Social CBA is typically the perspective adopted by
government, and standard guidance is provided by the
UK Treasury.'

The CBA requires the identification of a baseline or
status quo scenario, against which the costs and benefits of
alternative project interventions are evaluated. The central
counterfactual for our analysis below is a gas-fired plant of
equivalent generating capacity, although the counterfac-
tual of a coal-fired plant is also considered.

For the Clyde Valley proposal, the relevant cost and
benefit categories to be considered are identified in Table 1.

The installed capacity of the Clyde windfarm is taken to
be 622.8 MW (based on 173 turbines each rated at 3.6 MW)
as outlined in the Environmental Statement (Land Use
Consultants, 2004). Airtricity expects that the Clyde
windfarm will have a capacity factor of 38%, that is, the
site will operate at the equivalent of full power 38% of the
time. The counterfactual gas-fired power station, assuming

'http://www.hm-treasury.gov.uk/cconomic_data_and_tools/greenbook/
data_greenbook_index.ctfm.

an availability factor of 67% (DTI, 2005), has a capacity of
353MW. The counterfactual coal-fired power station,
assuming an availability factor of 57.9% (DTI, 2005), has
a capacity of 409 MW,

Relevant costs and benefits are considered over a time
horizon of 25 years. The Treasury social discount rate is
currently 3.5%. However, the analysis makes a case for
alternative discounting assumptions

2.1. Market costs

2.1.1. Capital investment

The capital cost of the Clyde windfarm is £405 million
over a three year period. This is based on a cost of £0.65
million per installed MW for onshore wind (Dale et al.,
2004). The value used in the CBA is the difference between
this and the cost of constructing an equivalent 353 MW
gas-fired power station of £159 million, taking the cost per
installed MW for gas to be £0.45 million (Dale et al.. 2004)
The difference in cost between the two is £246 million,
which will be the construction cost figure, where gas is the
counterfactual, in the analysis to follow.

The 409 MW coal-fired power station has a construction
cost of £335 million, based on a cost of £0.82 million per
MW (Royal Academy of Engineering, 2004). Subtracting
from the capital cost of the Clyde windfarm gives a
construction cost of £70 million, which will be the figure
used, where coal is the counterfactual. in the analysis to
follow.

Construction takes three years, and a third of the total
cost of construction is attributed to each year. One third of
the windfarm will be operational for the second year, and
two-thirds for the third year.

2.1.2. Operation and maintenance { O&M )
Annual O&M costs are £9.3 million. This is based on an
O&M cost for onshore wind of £15/(kWy) (Dale et al.,
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Table 1

The categories of costs and benefits to be used in the assessment ol the Clyde windfarm

Costs and benefits of wind energy

Costs

Benefits

Market

Capital investment

Operation and maintenance
Extra balancing costs to the grid
Rental cost of land

Non-market

Carbon dioxide emissions through manufacture and construction
Carbon dioxide emissions through deforestation

Visual and noise disamenity for residents and visitors (use value)
Non-use disamenity value

Qutput revenues
Avoided fuel costs (gas)
Avoided GDP losses

Avoided emission costs associated with displaced generation

2004). The value used in the CBA is the difference between
this and the annual O&M cost of the equivalent 353 MW
gas-fired power station, taken to be £7 million, based on a
figure of £20/(kWy) (Dale et al., 2004).> Subtracting the
gas-fired equivalent O&M costs from the Clyde windfarm
O&M costs gives a net annual O&M figure of £2.3 million.
to be used where gas is the counterfactual, in the analysis
to follow.

For the equivalent 409 MW coal-fired power station, the
annual O&M cost is £9.8 million, based on a cost of £24/
(kW y) (Royal Academy of Engineering, 2004). Subtracting
the coal-fired equivalent O&M cost from the Clyde
windfarm O&M cost gives a net annual O&M figure of
—£0.4 million, to be used where coal is the counterfactual
in the analysis to follow.

For the second year of construction, one-third of the
windfarm is taken to be operational, with two-thirds
operational for the third year. The net O&M costs for these
years are calculated as above, but adjusted to reflect the
installed and operational capacity in the second and third
years of construction. Therefore the O&M costs, for gas as
the counterfactual, are taken to be £0.75 million (a third of

the net annual O&M cost of £2.3 million) in the second

year of construction, and £1.5 million (two-thirds of £2.3
million) in the third year of construction. O&M costs
where coal is the counterfactual are calculated in the same
way for these years.

The analysis is simplified by the assumption that the
counterfactual generating plant is brought online in stages
comparable to that of the windfarm. This is due to the
assumption that equivalent revenue from generation
(excluding ROCs) is received by the windfarm and the
counterfactuals (see Section 2.2.1) throughout each year of
their operational life. In reality, a combined cycle gas

*The O&M figures from Dale et al. (2004) have been used in preference
to those cited in the UK Energy Review (DTI, 2006, p. 194, Table Bl1)
which give £44.4/(kWy) for wind. The Dale et al. (2004) figures are
consistent with others, such as Milborrow (20035).

turbine (CCGT) plant may be fully operational after two
years construction, meaning that at the end of the
windfarm’s three years construction period, an equal
amount of electricity will, in fact, have been generated
from both the windfarm and the counterfactual. This
would mean that revenue will have been earned from the
windfarm one vear earlier, but O&M costs will also have
been paid earlier. A comparison has demonstrated that
altering this simplifying assumption would only make a
difference of between 0.03% and 0.12% to the NPV (prior
to the application of the non-use value), and therefore the
assumption remains.

2.1.3. Extra balancing costs to the grid

As the amount of wind generation on the electricity
network increases, and the uncertainties in wind output
start to become evident above the normal level of
uncertainty in balancing supply and demand, some extra
balancing costs will be incurred (Dale et al., 2004).

The estimates to be used in this study are those resulting
from the SCAR study (Ilex Energy Consulting and Strbac,
2002). These show that the extra balancing costs for wind
are 0.1 p/kW h at 5.3% penetration, 0.14 p/kW h at 7.6%.
0.16p/kWh at 10%, and 0.17p/kWh at 142%. A
comparison with other estimates featured in The Carbon
Trust/DTI's Intermittency Literature Survey & Roadmap
(Mott MacDonald, 2003) shows that these values represent
the median estimate of balancing costs.

Taking the baseline scenario assumptions as applied in
the DTT’s Renewables Market Modelling (Oxera, 2004), we
obtained the predicted level of wind penetration for each
year of the Clyde windfarm’s operation. We then applied a
figure for the balancing cost for each year based on this
forecast. These costs increase from £1.6 million for the first
full year of operation to £3.5 million for the 25th year.

2.1.4. Rental cost of land
The annual cost to Airtricity of the rent paid to
landowners at the Clyde site is £1.7 million.
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2.2. Marlket benefits

2.2.1. Output revenues

From information given by Airtricity, it has been
assumed that the output revenues are 5.5 p/kW h, excluding
the income from Renewables Obligation Certificates
(ROCs). However, as the counterfactual investment
scenario would also receive similar output revenue, this
benefit stream arising from the windfarm will not be
included in the analysis. If the project were to be assessed
against a “do nothing™ baseline, this would be included as
a benefit.

The income from ROCs should not be counted in an
economic analysis. ROCs arise from a support mechanism,
the Renewables Obligation, designed in part to address the
externality of greenhouse gas emissions from conventional
fossil fuel generation, but this does not mean that their
price accurately reflects the cost of this externality.

The cost of abating a tonne of carbon through the
Renewables Obligation is calculated to be in the range of
£212-£447 (Ofgem, 2004). This is significantly higher than
the Treasury’s social cost of carbon, which will be used in
the analysis below. The figure used by the Treasury is £70
per tonne of carbon (in 2000 prices) as an “‘illustrative
point estimate” of relevant damages, with an upper value
of £140 and a lower value of £35 (Treasury, 2002).

2.2.2. Fuel costs avoided

This is taken to be the cost of gas used for generating
electricity in the counterfactual investment scenario,
including the gas transportation costs for delivery to the
power station. Taking a figure of 35 p/therm (pence per
therm) as the forecast price to be paid by the electricity
generators for gas (ILEX, 2006), this translates to a fuel
cost (assuming 50% thermal efficiency) of 2.06 p/kW h.

Recent wholesale gas prices have, however, been around
80 p/therm, equating to a cost of 4.7 p/kW h. For sensitiv-
ity, analysis will be undertaken using the gas price range
applied in the UK Government’s Energy Review, namely
from 21 to 53 p/therm (DTI, 2006).

The calculation of avoided fuel costs takes account of
anticipated seasonal variations in the load factor of the
Clyde windfarm, based on average data from existing
windfarms in Ireland with an equivalent load factor (38%),
supplied by Airtricity. Greater load factors are achieved
during the windier winter months, coinciding with periods
when gas prices are typically higher than average. Monthly
gas price projections (Ilex, 2005) show a circa 5 pence range
in price over the year when the mean price is 35 p/therm.
Converting this to an approximate percentage change from
the mean per month enabled the calculation of monthly
prices. Multiplying these monthly prices by the monthly
load factor increases the annual avoided cost of gas by
2.6% compared with using one price and the average
annual load factor. The resulting avoided fuel costs
for each year of full operation of the windfarm are
£43.8 million.

Fuel is a high risk cost stream. not simply because of the
fluctuation in fuel prices over time, but because the cost of
fuel co-varies negatively with returns on other assets; i.e.
when fuel prices increase, returns to other assets decline
(Awerbuch, 1995). This risk differential motivates argu-
ments for an alternative discounting approach to these
streams. In this case a rate is therefore applied to the
avoided fuel cost stream using the Capital Asset Pricing
Model (CAPM) approach (Awerbuch. 2003). This takes
into account the extent to which the fuel cost stream co-
varies systematically with the returns that would be
obtained on a broadly diversified portfolio of assets.

The mathematical measure of systematic risk. f§ (beta), is
the expected percentage variation in the cost stream when
returns to a broadly diversified portfolio change by 1%. A
beta of —0.02 for gas is used by Awerbuch (2006) to
estimate a market (pre-tax) discount rate of 4.3% for gas.
By netting out personal and corporate taxes, Awerbuch
derives a Social Rate of Time Preference (SRTP) value of
1.7% nominal. Assuming a 3% rate of inflation. this gives
a real discount rate of —1.1% to be applied to this cost
stream.

For the coal-fired counterfactual, the cost of coal 1s
taken to be £30/tonne, which gives a fuel cost of
1.16 p/kW h (Royal Academy of Engineering, 2004). Using
the CAPM approach, a real discount rate of —1.3% is
applied to this cost stream.

2.2.3. Avoided GDP losses

There is empirical evidence from a growing body of
academic literature that oil price increases and volatility
dampen macroeconomic growth by raising inflation and
unemployment and by depressing the value of financial and
other assets. These losses are in the order of 0.5% of GDP
for a 10% oil price increase (Awerbuch and Sauter. 2005,
Awerbuch, 2005). By displacing gas and oil. increased use
of renewable energy can help nations avoid these macro-
economic losses. This avoided GDP loss is an attributable
to renewable energy investments.

It is estimated that this benefit is worth $200/kW
(£114/kW) for wind energy installations, based on a
capacity factor of 23% (Awerbuch and Sauter, 2003,
Awerbuch, 2005). For the purposes of this report, this
figure has been increased to represent the 38% capacity
factor of the Clyde project, giving £188/kW, and multiplied
by the installed capacity (622.8 MW) to give a figure of
£117.2 million. This is a one-off benefit, attributed to 2009,
the first full year of the windfarm’s operation.

2.3. Non-marlcet benefits

2.3.1. Carbon emissions avoided

Electricity generated by wind power avoids emissions of
carbon dioxide through the displacement of conventional
fossil-fuelled generation. To quantify this benefit, it is
necessary to estimate avoided emissions. This depends
on the amount of electricity produced and electricity
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generating technology displaced. A monetary value can
then be placed on these avoided costs using a shadow value
of carbon.

Amount of electricity produced by the Clyde windfarm:
Airtricity expect that the Clyde windfarm will have a
capacity factor of 38%. that is. the site will operate at the
equivalent of full power 38% of the time.

The amount of electricity produced by the windfarm can
be estimated by

Installed capacity (M) x capacity factor
x the number of hours in a year.

Therefore
Electricity produced = 622.8 MW x 0.38 x 8760.

This gives 2073 GW h.

Generating sources displaced: In Scotland the immediate
effect of a windfarm may be to displace the generation of
electricity from hydropower. Scotland has approximately
1.3GW of hydro-electric plant and 700 MW of pumped
storage (Scottish Executive, 2006b), and in an average year,
hydro generates 12% of Scotland’s electricity needs
(Scottish Renewables. 2006). However, the displaced hydro
may then displace coal or gas generation at a later date. It
is therefore assumed that wind displaces fossil fuel, either
immediately or via hydro. The three options to be
considered for the generation sources displaced by the
Clyde windfarm in this analysis are now discussed.

Option 1—Wind displaces coal-fired generation: It is
argued by the British Wind Energy Association (BWEA),
that in both the short and long term, wind saves on
emissions from modern coal-fired plant (BWEA, 2005).
This is demonstrated in data published by The National
Grid Company which describes the make-up of plant on
the system at various times (National Grid Transco. 2004).
The nuclear and CCGT plant operates continuously
throughout the day and the output of the coal plant is
varied to meet demand. It is noted that the output from
coal plant will not change in response to every fluctuation
in wind output. It will be adjusted in response to the

aggregated change in demand, of which wind contributes

only a small proportion.

In the longer term, as the older coal plants become
uneconomic, or surplus to requirements due to the
construction of new gas or renewables, they are shut down.

Average emissions from coal-fired plant are taken to
be 0.86 kg CO,/kW h, thus this is the CO, saving associated
with the generation of electricity from wind if it displaces
coal.

Option 2—Wind displaces the typical grid mix: The
carbon intensity of the grid, based on the average grid mix
is 0.43kg CO,/kW h (Carbon Trust, 2006). This emissions
figure is taken from Defra’s “Environmental Reporting
Guidelines for Company Reporting on Greenhouse Gas
Emissions”, and is used for the purposes of environmental
reporting, the UK Emissions Trading Scheme, and the
Climate Change Levy agreements.

This figure for electricity was calculated in 1999 based on
the projected fuel mix for the grid 1998-2000. Actual
figures may differ from the projections, but it is intended to
be used by Defra as a constant value for environmental
reporting until the year 2010 (Defra, 2006).

It is argued that this figure does not reflect reality,
suggesting as it does that wind will displace coal, gas and
nuclear in equal measure. Nuclear, for example, being
baseload plant, and is completely unaffected in its daily
operations by the addition of new generating plant
(BWEA. 2005).

Option 3—Wind displaces gas: In its Regulatory Impact
Assessment for the Renewables Obligation, the DTI
assumed that the main impact of extra renewables is to
reduce investment in new gas combined cycle stations and
that each TW h would produce 2.5 mtC. This is equivalent
to a figure of 0.38 kg CO,/kW h (DTI, 2002).

This contradicts an earlier DTI study, which states that
renewables displacing CCGTs *is unlikely in practice at
present, because this high efficiency (where efficiency refers
to the amount of electricity generated per unit of CO,
emitted), fossil fuel technology is being increasingly
deployed in the UK (DTI, 1999).

The assumption that wind displaces gas is supported by
the Royal Academy of Engineering (2004) with open-cycle
gas turbines (OCGT) identified as the most appropriale
technology if talking about new build rather than just using
existing plant. It is also the assumption made by Dale et al.
(2004).

Carbon
scenarios:

dioxide emissions avoided under the three

1.8 million tonnes CO,
0.9 million tonnes CO,

Option 1—displacing coal
Option 2—displacing typical
grid mix

Option 3—displacing gas 0.8 million tonnes CO,

Of these, wind displacing gas will be the central assumption
of the study, with wind displacing coal used for sensitivity
analysis. Wind displacing the typical grid mix is not
considered further.

Placing a value on the avoided emissions: The technique
used in this study to estimate the value of the avoided
emissions is that used by the UK Treasury to assess the
societal cost of emissions of carbon dioxide.

HM Treasury (2002) reviewed all available studies on the
cost of the physical impacts of climate change. The most
sophisticated of the published studies reviewed produced a
marginal damage estimate of £70/tC (2000 prices) for
carbon emissions in 2000. This increases by approximately
£1 per tonne in each subsequent year to account for
increasing damage costs over time.

This figure is subject to significant uncertainty and
excludes consideration of the probability of “climate
catastrophes™ (and socially contingent impacts of climate
change that could, potentially increase the size of damages
considerably.
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As such, the Treasury settles on a figure of £70 per tonne
of carbon (in 2000 prices) as an “illustrative point
estimate” of relevant damages. using an upper value of
£140 and a lower value of £35. This increases by
approximately £1 per tonne in each subsequent year to
account for increasing damage costs over time (HM
Treasury, 2002).

These three values will be used to represent low, medium
and high values of carbon. One tonne of carbon is equal to
3.67 tonnes of CO,, giving the following figures:

Low £35/tonne carbon or £9.50/tonne CO,
Medium £70/tonne carbon or £19.10/tonne CO,
High £140/tonne carbon or £38.15/tonne CO,

A GDP deflator (HM Treasury. 2006) has been used to
convert the values into 2006 prices. Thus, the 2006 value
of a tonne of carbon is £87, which equates to a value of
£24/€35 per tonne of carbon dioxide.

The annual value of avoided emissions, using the central
value of carbon increases from £19.5 million in the first
year of full operation, to £25.4 million in the 25th year of
operation.

2.4. Non-market costs

2.4.1. Carbon dioxide released during manufacture and
construction

This figure is based upon a Life Cycle Analysis study
showing that onshore windfarms pay back the carbon
dioxide released during their manufacture and construction
within 0.29 years of operation (Schleisner, 1999).

The value used is 0.29 of a year’s worth of avoided
carbon dioxide, based on the same conversion factor used
for the main avoided emissions calculation. This is then
multiplied by the same value of carbon that has been used
to value the avoided emissions using the social cost of
carbon methodology. It is then divided equally over the
three years of construction. Using the central value of
carbon, this cost is £1.8 million for each year of
construction.

It is important to note that no similar calculation has
been undertaken for the counterfactual investment option
of a gas-fired power station. This follows the ExternE
(European Commission, 1999) methodology. whereby the
fossil fuel cycle only takes into account emissions from
operation, as these dwarf the emissions from construction.
For a windfarm, conversely, the only significant emissions
are from manufacture and construction.

2.4.2. Carbon dioxide released through deforestation

One thousand and seventy hectares of commercial
plantation will be removed as part of the site preparation
for the windfarm. In the absence of the proposed
windfarm, this same area would be deforested, but the

felling would take place over the period to 2098 rather than
to 2008.

However, there would be no resulting net increase in
CO» emissions. The use of these trees meets demand that
would otherwise be met by the felling of alternative trees.
Or if the trees were used for co-firing, they might well
displace coal, thus reducing net CO, emissions.

2.4.3. Visual and noise disamenity for residents and visitors

The principal external costs of windfarms are visual
impact and noise. Both forms of impact can be assessed
using market and non-market benefits assessment informa-
tion. However, the application of these methods to specific
wind installations is minimal and this complicates our
analysis.

In this section we establish a method to value the impacts
to residents and visitors based on transferring and
calibrating existing landscape willingness to pay (WTP)/
value information. Our analysis will focus on visual impact
that reduces these landscape values. The Environmental
Statement has determined that in contrast to the visual
impact, the noise impact of the operational windfarm is not
likely to be significant.

Damages to residents can be measured in two ways. A
revealed preference approach can be used to consider the
impact of wind turbines on house price values for proper-
ties in the vicinity. This “hedonic” pricing approach has
been used to consider the impacts of pylons and cables in
the UK (Atkinson et al., 2005). The main difference with
pvlons and cables is the presence of a potential health
impact, which can be valued highly because of a so-called
*dread™ factor. This confounding effect means that using
revealed data from pylon studies may produce unreliable
results when transferred to wind installations.

For the purposes of this analysis and in the absence of
site-specific evidence, we need to make assumptions about
how any benefit information can be derived by benefits
transfer.

Landscape amenity valuation: The method proposed to
value visual impact to landscape from wind turbines
considers damaged use values among residents and visitors.

The use damage estimate considers the nature of
intrusion (pre and postconstruction). exposure to intrusion
(number of residents and visitors per year), and unit
landscape values (WTP values for the actual intrusion
category or alternatively WTP for landscape types).

A range of landscape values can be found in studies by
Garrod and Willis (1995, 1997), Hanley et al. (2005), Price
(1993) and Hamilton and Schwann (1995).

Typically, the available studies relate to valuation of
amenity of areas under agri-environmental schemes. Such
areas will have higher amenity value than the Clyde
location and we recognize that statutory duties preclude
resource development in these areas. In the case of the
Clyde site, recreational shooting under the control of
landowners takes place, but use of the site for informal
recreation such as walking/cycling is considered to be
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limited (Land Use Consultants. 2004). The Southern
Upland Way does, however, pass near the southern
boundary of the site, with an estimated 5212 visitors to
the two sections of the route closest to the site (Land Use
Consultants, 2004). In any case, choosing these WTP
values will likely overstate the damage estimate here.

Cost calculations are detailed in the following steps:

Step 1: Establish and measure landscape impact. These
stages describe how we determine the monetary equivalent
of a landscape impact caused by turbines. The method
applies a benefits transfer approach. In other words, we do
not undertake any primary valuation studies to elicit WTP,
but attempt to adjust existing amenity value information.

We suggest site degradation is defined by an ordinal
impact scale (see Table 2), which can be associated with
WTP reduction factors. In other words, the WTP or value
of a pristine landscape is reduced successively by higher
levels of intrusion. The estimates in the table are arbitrary
but given time these intrusion classes and factors could be
elicited as part of an on-site survey conducted among a
sample of visitors and residents.

Step 2: Establish WTP. Mean landscape WTP is a value
transferred from a valuation study covering resident and
visitor valuation of a similar landscape type. Table 3
provides a range of transfer values from various landscape
studies. The landscape types referenced by these values
correspond to different landscape types across the UK. The
study by Bullock and Kay (1997) provides a value that can
be transferred to provide an approximate value in the
Clyde case.

Table 2
Landscape intrusion scale adapted from Price (1993)

WTP reduction
factor (%)

Landscape intrusion scale
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Step 3: Specify exposure. Exposure to visual impact pre
and postconstruction is defined as the number of residents
and visitors likely to experience the landscape impact.
While there may often be reduced visibility due to rain or
mist, we do not reduce the values to take account of this.
We suggest that apart from detriment to outstanding
beauty spots, visitation rates can be assumed constant for
years following construction.

We have used a Geographical Information System (GIS)
to accurately establish the number of residents (and
number of households) within the Zone of Visual Influence
(ZVI) as outlined in the Environmental Statement. The
outer limit of the ZVI is 35km from the perimeter of the
site. Within this area there are just over 220,000 residents
(just under 98,000 households).

The Environmental Statement contains GIS output
illustrating the areas within the ZVI from which certain
numbers of turbine tips can be seen. The numbers are
grouped into ranges, such as 1-30, 31-60, etc. However,
there is no attendant information as to how many people
are resident in these areas. We obtained the source data for
this illustration, and using a GIS, overlaid it with unit
postcode data which contains population and household
numbers for each individual postcode. This information
was then grouped by distance from the perimeter of the
site, in concentric bands of 5km width. The results are
shown in Tables 4 and 5. Table 4 shows the number of
households, while Table 5 shows the number of residents.

It is clear from both tables that despite the fact that the
windfarm contains 173 turbines, it will not be possible for
all turbines to be viewed simultaneously from any residence
within 35km of the perimeter. There are nine households
from which 116-145 turbine tips will be visible, and a
further nine from which 90-115 tips will be visible, and
these are located between 20 and 25km from the site
boundary.

Exposure for residents will vary both with the number of
turbine tips visible, and the distance from the perimeter of

Unsightly 80 Implies factor WTP*0.2 ; ; 3 : ;

Undistinguished 50 Implies factor WTP*0.5 the site. We will apply a “*distance decay” function and also

Slight intrusion 40 Implies factor WTP*0.6 calibrate the impact depending on the number of turbine

Distinguished/attractive 30 Implies factor WTP*(0.7 tips visible.

Superbjexcellent: 19 Imphies factor WIS 0.9 For visitors we will use the figure supplied in the

Spectacular/exceptional 0 Implies factor WTP*1 ; P
Environmental Statement for the numbers using relevant

Table 3

Environmentally sensitive arca landscape values (WTP, £ household/y)

Study Country WTP WTP visitors (£) General Base

residents (£) public (£) year

Hanley et al. (1998)—Breadalbane ESA UK 31.43 73.00 22.02 1995

Hanley et al. (1996)—Machair ESA UK 13.66 13.37 1995

Garrod et al. (1994)—South Downs ESA UK 27.52 19.47 1.98 1992

Garrod et al. (1994)—Somerset Levels ESA UK 17.53 11.84 245 1992

Gourlay and Willis (1995)—Loch Lomond ESA UK 20.60 1.98 per visit

Gourlay and Willis (1995)—Stewarty ESA UK 13.00 2.53 per visit

Bullock and Kay (1997)—Southern Uplands ESA UK 69.00 83.00 1995

Garrod and Willis (1995)—WTP to maintain ESA scheme in England UK 36.35 1994
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Table 4
The number of houscholds in arcas from which different numbers of
turbine tips are visible, grouped by distance from the site perimeter

Number of turbine tips visible

1-30 31-60 61-90 91-115 116-145 146-173

Distance from site boundary (km)

0-5 255 122 98 0 0 0

5-10 446 62 0 0 0 0

10-15 1653 43 0 0 0 0

15-20 3192 188 29 0 0 0

20-25 2790 323 9 9 9 0

25-30 5341 1066 11 0 0 0

30-35 13167 487 1652 0 0 0

Table 5

The number of residents in arcas from which different numbers of turbine
tips are visible, grouped by distance from the site perimeter

Number of turbine tips visible

1-30 31-60 61-90 91-115 116145 146-173

Distance from site boundary (km)

0-5 638 307 246 0 0 0
5-10 1011 134 0 0 0 0
1015 3610 99 0 0 0 0
15-20 7193 433 6l 0 0 0
20-25 6904 T84 22 22 22 0
25-30 12751 2549 22 0 0 0
30-35 29804 1263 3469 0 0 0

sections of the Southern Upland Way. It is estimated that
annually there are 5212 visitors to the two sections of the
Southern Upland Way closest to the site (Land Use
Consultants, 2004).

Step 4: Establish change in landscape value. Damage =
site degradation (%) x exposure to visual damage x mean
landscape WTP.

This should be calculated for each class of residents and
visitors who suffer exposure, and summed to give the total
damage.

Application: Assume the Clyde Valley is constructed in a
landscape similar to the Environmentally Sensitive Areas
considered by Bullock and Kay (1997). The latter study
provides a residents” WTP value for landscape preservation
that we assume to be the value placed on a landscape
without windfarms. This is damaged by turbines. and we
need to determine the extent of this damage. The same
study does not provide a value for visitors, and so we
transfer the benefit estimate shown for the South Downs
ESA (Garrod et al., 1994). Consider the value change
applies to the 71,344 residents who can see at least |
turbine tip from within the 35km ZVI and the estimated
5212 visitors per annum to the two sections of the Southern
Upland Way closest to the site (Land Use Consultants,
2004).

Visitors: Assume around 2500 suffer ““unsightly” intru-
sion, and 2712 are in the ““undistinguished” impact
category. From Table 2 implied impact scores are 80%
and 50% of WTP values, respectively. From Table 3 non-
resident WTP £19.47/year.

Visitor WTP reduction “unsightly” from Table
3=1(0.2x£19.47) = £3.80
Wellare reduction per visitor per year = £19.47—£3.80
= £15.67
Visitor WTP reduction
“undistinguished™ = (0.5 x £19.47) = £9,70
Welfare reduction per visitor per
year = £19.47—£9.70 = £9.77
Visitor weighted
loss = (2500 x £15.67)+ (2712 x £9.77) = £65671.2 per
year

Note that this assumes constant visitor numbers, but
these may also change in the postconstruction era. They
may well increase, as visitors may be attracted to the
viewing platform. Tt is likely that such visitors, through
self-selection, might have a positive view of the windfarm.
Moreover, as discussed below, we may also wish to assume
a factor for a changing social perception of wind energy in
the environment. This may vary between residents and
visitors. However, for the time being, we incorporate this
estimate into our spreadsheet.

Residents: The number of residents in areas from which
different numbers of turbine tips are potentially visible was
indicated in Table 5. These residents are grouped by
distance from the site perimeter in 5km intervals.

Following the landscape intrusion scale outlined in Table
2. those who can view 61-90 turbine tips are deemed (o
suffer “‘unsightly™ intrusion. This gives an implied impact
score of 80% of WTP values, taken from Table 3 to be £69
per resident per year. This and other impact scores are
shown in Table 6.

The reduced visual intrusion through increased distance
from the site perimeter is accounted for by adjusting the
weighting for each 5km grouping. Those residents within
0-5km of the site perimeter are attributed the full value

Tablc 6

Impact scores and related annual welfare loss per resident based on
number of turbine tips visible, taking a residents WTP ol £69 from Bullock
and Kay (1997)

No of turbine tips Impact score (%) Welfare loss per

visible resident) year (£)
1-30 70 48.30

31-60 75 51.75

61-90 80 55.20

91-115 85 58.65

116-145 90 62.10

146-173 N/A N/A
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Table 7
Weightings given to residents’ WTP value based on distance from
perimeter of site

Distance from site perimeter (km) Weighting (%)

0-5 100
5-10 75
10-15 50
15-20 25
20-25 15
25-30 10
30-35 5

based on the visibility impact scores. The weightings for
this and each subsequent distance band are shown in
Table 7. These weighting estimates are arbitrary but given
time they could be elicited as part of an on-site survey
conducted among a sample of residents.

As an example, the visual disamenity for the 134
residents who can see 31-60 turbine tips and live 5-10 km
from the site is calculated as follows:

The 134 residents have a visual impact score of 75%.,
which means an individual annual welfare loss of £51.75
(£69 x 0.75). Cumulatively this is £6934.50. This is then
weighted by distance, so 75% of this value is taken,
giving a weighted cumulative annual welfare loss of
£5200.87.

This process is repeated for all the residents in each
visibility and distance grouping, giving a total welfare
loss of £501,533.41 per year. Combining this with the
welfare loss to visitors gives an overall welfare loss due
to visual disamenity of £567,000 per year.

Changing perceptions of wind energy in the environment:
Two elements need to be mentioned at this point. The first
is that anecdotal evidence appears to suggest that residents
become accustomed to windfarms, which engender a sense
of civic pride in installations that are effectively agents of
environmental good. No studies have assessed this element

in terms of a monetary valuation, but in traditional

economic terms, it would suggest that the value of any
disamenity impact should fall through time rather than
being an invariant cost in the CBA. Local part-ownership
of a windfarm may also improve perception among
residents (Toke, 2005), along with local employment or
donations for community facilities through planning gain
from the development.

The second factor is that visual intrusion is essentially
reversible. It is unclear whether the transferred WTP values
we might use here are for changes that were portrayed as
irreversible. This has to make a difference.

2.4.4. Non-use disamenity

The visual impact of a windfarm is essentially site
specific and varies according to the existing landscape, and
the level to which residents and visitors are “‘exposed” to

the impact. A complicating factor is added by the non-use
disamenity of landscape change. In other words, beyond
local impacts, wider populations of the UK may have
preferences over the impacts of installations, irrespective of
whether they actually experience them directly. They are
simply damaged in a passive way by the knowledge of
installations influencing landscape form.

Interest in the concept and measurement of non-use
value is not new and there has been considerable
theoretical and methodological debate in the area of
environmental economics concerned with nature and
heritage conservation. This literature has developed the
basis for using stated preference methods (contingent
valuation and choice experiments) to determine the
economic or monetary value of non-use impacts. This is
a development that is now recognized as a legitimate
process in public appraisal (e.g. the Treasury Green Book).

The existence of non-use or passive value is intuitive for
celebrated and iconic landscapes, but not necessarily so for
all landscapes. It is, however, difficult to argue that these
values do not exist and the existence of empirical estimates
does give substance to a popular debate that is largely
uninformed by data.

Unfortunately, the stated preference literature does not
provide general rules to help us determine the size of non-
use value nor how values might change in relation to
different landscapes or the proximity of the individual
preference holder to the environmental attribute in
question. To deal with this, our analysis can either attempt
to transfer existing estimates from previous studies or
determine these impacts on a case-by-case basis. Account-
ing for this impact is more complex than the use (residents
and visitor) impacts, which can at least be calibrated by a
fixed number of “*damaged’ individuals, i.e. a range can be
placed by measuring residents in proximity to installations
and visitor numbers to the vicinity.

There are several existing valuation studies addressing
the impact of wind energy (Alvarez-Farizo and Hanley,
2002; Ek, 2002; Navrud, 2004) These studies suggest that
non-market impacts can be as high as £17 per household
per year. A study that explicitly considers the nature of
visual landscape impact in Scotland has been conducted by
Bergmann et al. (2006). But even this study does not
actually show specific installations in a landscape context.
Instead, the study uses stated preferences to consider the
impacts of infrastructure (visual, wildlife and air pollution)
in a somewhat abstract way and the values that emerge
from the choice experiment are not site or project specific.
In essence, the authors target the non-use category of
respondents mentioned above, and effectively the values
they derive can be argued to apply to the whole population.
These values are then assigned to what they consider to be
typical infrastructure intrusions, which in their onshore
wind case amount to a 160 MW windfarm. There are many
possible criticisms of this study. The main criticism is that
respondents to the survey never actually get to see a case of
windfarm intrusion on which to base their responses.



D. Moran, C. Sherrington | Energy Policy 35 (2007) 2811-2825 2821

Moreover, the distinctions between low, moderate and high
landscape impacts are unclear and some of the econometric
models suggest that impacts are actually statistically
insignificant, thus rendering the results of limited value.

The upper limit of damages suggested in the Bergmann
study is that the average Scottish household suffers an
annual welfare loss of £19.40 from the major landscape
impact. The study suggests that this impact is associated
with a “large” windfarm (160 MW--80 turbines). The
622 MW Clyde project, has more than double the number
of turbines (173) and almost four times the installed
capacity of this hypothetical example. If this is truly an
annual welfare loss in the presence of the Clyde proposal,
then the aggregate value (if multiplied by the 2.1 million
Scottish households) is £40.74 million per year. At this
point, and in the absence of primary research, we suggest
that this is the upper limit of the non-use damage
attributable to the Clyde installation, even though the true
estimate is likely to be lower.

There are several reasons for this. The first is that the
Bergmann estimate is not site specific and in fact may lead
respondents (in their stated preference study) to infer
damages associated with all wind installations, including
assumptions about iconic landscapes, rather than at
specific locations of lesser scenic value.

The second is the population over which this value might
be applied. For the sake of argument in determining our
“worst case”, it could potentially be that all Scottish
households are damaged and that the value of £19.40
should be ascribed to each household. But for landscapes
of lesser scenic value, it could reasonably be expected that
the value held will diminish with distance from the site.
This suggests that fewer households will be damaged,
thereby leading to a lower aggregate value of damages.

Further reasons for adjusting the extent of the Bergmann
estimate can be justified with reference to the nature of the
respondent sample used in the study (i.e. the balance
between rural and urban respondents). Furthermore, the
possibility that opposition to wind installations might
diminish through time with increasing acceptability of the
technology would mitigate against using the Bergmann
estimate as an invariant annual value. However, we do not
attempt to adjust the value, nor do we introduce alternative
estimates for non-use value at this point. The non-use
disamenity value of £40.74 million will therefore be
attributed to each year of the project’s construction and
operation,

3. Results and sensitivity analysis

All cost and benefit streams are discounted at the UK
Treasury’s social discount rate of 3.5%, except for the
avoided fuel cost stream. In most scenarios this is
discounted at a rate of —1.1% for gas, and —1.3% for
coal, a figure obtained by using the Capital Asset Pricing
Model (CAPM) approach (Awerbuch, 2006). For compar-
ison there are two scenarios, one each for coal and gas,

where the fuel cost stream is discounted at the Treasury
rate.

From Table 8 it can be seen that for the eight main
scenarios considered, the project delivers a positive net
present value ranging from £780 million to £2.3 billion
before accounting for the non-use disamenity impact.
Applying the non-use disamenity present value of £720
million (based on a non-use welfare loss of £19.40 for
each of the 2.1 million Scottish households (Bergmann
et al., 2006), the project still returns a positive net present
value for each scenario. This ranges from £60 million to
£1.5 billion.

The final row indicates the maximum annual household
non-use welfare loss. for each of the 2.1 million Scottish
households, that could be sustained while still returning a
positive net present value under each scenario. That is to
say, the project would still deliver a welfare gain to
Scotland even if this non-use disamenity value were held.
This figure ranges from £21.01 up to £60.97.

It is of greatest interest to note the sensitivity of these
results to the number of households to which the non-use
value of £19.40 is applied. If the figure were applied to 2.28
million rather than 2.1 million households, the net present
value for the gas scenario where the fuel is discounted at
the Treasury rate would be negative.

3.1. Sensitivity to gas prices

It can be seen from Table 8 that in all but one of the
scenarios (wind displaces gas, with a low value of carbon),
the benefits arising from avoided GDP losses and carbon
savings are greater than the sum of the costs (excluding the
non-use disamenity value). That is to say, in an analysis
that did not take account of the non-use disamenity value,
even if the avoided costs of gas were to drop to zero, the
benefits would outweigh the costs in most scenarios. Thus,
it is the application of the non-use value that renders the
avoided gas costs so significant for the project NPV.

The results in Table 8 refer to a gas price of 35 p/therm.
Table 9 shows the sensitivity to gas prices, using a high
price of 52 p/therm, and a low price of 21 p/therm, as used
in the UK Government’s Energy Review (DTI. 2006).

In all but one of the scenarios in Table 9. the project still
returns a positive NPV even with the inclusion of the
£19.40 non-use figure applied to 2.1 million households. In
the one scenario where a negative NPV is returned, the
maximum annual household welfare loss, for each of the
2.1 million Scottish households, that could be sustained
while still returning a positive net present value would be
£13.56.

4. Discussion

The significance of the non-use value is clear from Table
8. It is roughly twice the size of all the other cost categories
put together for the gas counterfactual, and over four times
the total of all other costs for the coal counterfactual.
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Table 9
Sensitivity to gas prices
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Sensitivity to gas prices

CAPM fucl
discount

Treasury CAPM fuel discount

discount rate

Central value of carbon High value of Low value of

carbon carbon

Gas price 21 p/therm

Project NPV before non-use disamenity 903 503 1242 733
Applying non-use disamenity value to project NPV

Bergmann et al. (2006) £19.40 non-usc disamenity value applied 10 2.1~ 720 720 720 720
million Scottish households

Net project benefit after application of non-use value 183 =217 522 13

Maximum houschold non-use disamenity value that would still returna 24,33 13.56 3347 19.75
positive NPV (£)
Gas price 52 p/therm

Project NPV before non-use disamenity 2105 1115 2444 1935
Applying non-use disamenity value to project NPV

Bergmann ct al. (2006) £19.40 non-usc disamenity value applied to 2.1 720 720 720 720
million Scottish houscholds

Net project benefit after application of non-use value 1424 1135 2483 1254

Maximum houschold non-use disamenity value that would still returna  58.78 30.6 66.92 532

positive NPV (£)

As mentioned above, the cumulative non-use value is
based on the arbitrary choice of applying the £19.40 to all
Scottish households, of which there happen to be 2.1
million. Under the gas scenario where the fuel is discounted
at the Treasury rate, the net present value is negative when
the non-use figure is applied to 2.28 million households, a
Scottish households figure that would arise if the Scottish/
English border happened to be drawn 30 miles further
south.

This raises an important issue for the application of non-
use value—the placing of bounds. Is an administrative
boundary really appropriate? Would a windfarm that is
closer to Carlisle than it is to Perth not have a greater non-
use effect on those immediately over the border in
England? If a similar windfarm were built in England
should the non-use value be applied to all 21 million
households, or is there a distance decay function that can
more readily capture the non-use disamenity value of a
specific installation?

There is also the issue of how this non-use value might
vary through time. With an increasing number of wind-
farms being developed, would the non-use disamenity value
associated with each marginal installation increase or
decline? If tackling climate change becomes a far more
significant priority as far as the public are concerned,
would there be a greater acceptance of wind installation,
marked by a declining non-use disamenity value?

5. Conclusion

The analysis presented in this report demonstrates that
under standard assumptions. with the windfarm displacing

a gas-fired power station, and including a reasonable
accounting for local disamenity impacts, the Clyde project
delivers a net welfare gain of £1445 million.

When the only available estimate for the non-use
disamenity value for a large (160 MW, 80 turbine) wind-
farm in Scotland (of £19.40 per household per annum for
all 2.1 million Scottish households) is imputed, this reduces
the welfare gain to £726 million. What this result means is
that the Clyde project still delivers a net welfare gain to
society.

That this non-use disamenity value can reasonably be
applied to the Clyde windfarm in this way is [ar from
certain. There are some very good reasons for doubting
that this represents the true non-use value associated with
this project.

A number of research questions follow from this
analysis. The most pressing appears to be the investigation
of the non-use value cost category associate with wind-
farms. Specifically, further investigation is warranted to
determine how this value varies across survey respondents
when they are given further information on the location of
windfarms. It would seem inappropriate to assume that
this value is not invariant with location of both the
windfarm and the respondent, the number of windfarms
or through time. But there is currently no research that
proves this.
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