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Abstract:

This thesis provides an in-depth understanding of how public acceptance of
renewable energy (RE) in Great Britain (GB) can be described, understood and
explained. It identifies key determinants of public acceptance of RE across multiple
dimensions of acceptance: localised responses to RE infrastructure (community
acceptance) and generalised attitudes to technologies (socio-political acceptance).

It also explores the relationship between public acceptance and RE decision-making.

To do this, it draws upon previously overlooked datasets: the UK Renewable Energy
Planning Database (REPD) and the UK Energy and Climate Change Public Attitudes
Tracker (PAT). It also conducts a case study of the first solar farm in GB to be classed
as a Nationally Significant Infrastructure Project (NSIP): Cleve Hill Solar Park. This
combination of research approaches, utilising quantitative and qualitative methods,

allows for both breadth and depth of analysis of the research phenomenon.

The thesis makes several empirical contributions including insights into planning
outcomes for onshore wind and solar farms, spatial and temporal trends in public
attitudes, and identification of determinants of public acceptance of RE. It also
identifies the influence public acceptance has on RE decision-making in different GB

contexts including local planning, national planning, and national policymaking.

Additionally, the thesis makes theoretical contributions by integrating disciplinary
perspectives on this research topic and proposing a novel theoretical framework: the
three 'I' model. This framework proposes that public acceptance of RE is shaped by

a variety of determinants relating to infrastructure, impacts and the individual.

Finally, the thesis considers the broader implications of its findings for GB’s low
carbon energy transition. It makes recommendations on how sensitive planning,
deliberative processes and community benefit funds could help to increase public
acceptance, as well as how measurement of public acceptance could be improved to

better design and implement RE transitions that are sensitive to public preferences.
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1. Introduction

1.1. Empirical context

Given the severe threat posed by climate change to societies, economies and the
natural environment (IPCC, 2018), a transformation of energy systems is taking
place across the globe. Energy production and usage is the top contributor to
greenhouse gas (GHG) emissions which cause anthropogenic climate change (IEA,
2019). It is widely accepted that renewable energy (RE) technologies and sources
such as wind, solar, bioenergy, wave and tidal power are crucial to reducing
emissions from this sector, either as part of a 100% RE system or alongside other
low carbon technologies such as nuclear power and Carbon Capture and Storage
(CCS) (Berkhout et al., 2012). Additionally, RE has many co-benefits such as
contributing to social and economic development, reducing the health impacts of

energy generation, and improving energy access and security (IPCC, 2011).

As such, RE deployment has risen rapidly over the last thirty years, and this must
continue at an even greater pace in order to meet targets of limiting average global
temperature rise to 1.5°C by 2100, as mandated by the United Nations (UN) Paris
Agreement (McCollum et al., 2018). However, a potential barrier to the large-scale
deployment of RE is a lack of public acceptance. In Great Britain (GB), the
geographical focus of this researchi:, onshore wind has provoked the most high-
profile public controversy. Other RE technologies have not received such prominent
backlash, though there has been some level of resistance to other RE infrastructure

such as ground-mounted solar photovoltaics (PV) or ‘solar farms’ (Clark, 2013).

The percentage of GB's energy consumption generated by RE sources has been
rapidly increasing in recent years, particularly in the electricity sector. The most
recent comprehensive data shows that for the United Kingdom (UK) as a whole,

renewables’ share of electricity generation has increased from 3.6% in 2004 (Bolton,

1 This thesis focuses on Great Britain (England, Scotland and Wales) rather than the whole of the
United Kingdom due to data incommensurability between GB countries and Northern Ireland.
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2008) to 37.1% in 2019 (DUKES, 2020). Progress has been slower in the heat and
transport sectors, meaning the overall percentage of energy consumption from
renewable sources was 12.3% in 2019 (DUKES, 2020), up from 1.3% in 2005 (EEA,
2019). The most widely deployed type of RE in GB is wind energy, which in 2019
accounted for 54% of the UK’s total renewable electricity generation (Figure 1). This
includes onshore wind (27%) and offshore wind (27%). This is followed by bioenergy
(31%), solar PV (11%) and hydro (5%), the latter category including shoreline wave

and tidal, though at present these are mostly small-scale demonstration projects.

to electricity generated

sources
(TWh)

les

Nal

renev

I I I Offshore wind

_—-- IIIII50laer
-----------llll Hydro

002 2004 200 2008 010 2012 2014 2016 2019

itribution of

Cor

Note: Hydro bar includes shoreline wave/tidal (0.014 TWh in 2019)

Figure 1. UK renewable electricity generation by source 2000-2019 (DUKES, 2020)

The growth in RE deployment in GB has been driven by a number of policies and
targets including the European Union (EU) Renewable Energy Directive 2009, which
set a target for the UK to source 15% of all energy and 10% of transport fuels from
renewables by 2020 (UK Parliament, 2016). In June 2019, the UK Government
passed legislation committing to net zero GHG emissions by 2050 (BEIS, 2019). This
extends the previous 2050 target of an 80% GHG reduction set by the UK Climate
Change Act 2008, which has acted as a key driver of the UK’s climate mitigation
efforts given its legally binding nature and five-yearly stepwise targets (Lockwood,
2013). Additionally, in September 2019 the Scottish Government set a legally

binding target of net zero GHG emissions by 2045 (BBC, 2019) and Wales has a
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commitment to reduce GHG emissions by 95% by 2050 with the ambition of
reaching net zero by this time (Welsh Government, 2019). Modelling suggests that
to achieve the UK’s net zero targets, 200 GW of new wind and solar capacity will be
required by 2050, rising from around 33 GW at present (Aurora, 2019). As such,

transitions to RE are taking place across GB and will continue in the coming decades.

e_Yilh - - - v e

Figure 2. Image showing typical examples of a solar farm and onshore wind farmin
Great Britain (Westmill Solar Park and Westmill Wind Farm in Wiltshire, England).
Image taken by Richard Peat and obtained via RTPeat on Flickr (CC BY-NC-ND 2.0).

1.2. Research context

In terms of existing research on this topic, the majority of academic literature to date
has focused on public acceptance of onshore wind (Fast, 2013; Gaede and Rowlands,
2018). A recent bibliographic review demonstrates that the dominant ‘research
front’ in this field is what the authors term ‘wind power / attitudes / NIMBY’ (Gaede
and Rowlands, 2018). Whilst once a dominant frame and still quite common outside
of academia, NIMBYism (Not In My Back Yard-ism) is now widely regarded as an
unsatisfactory characterisation of public responses to energy infrastructure. As
described by a prominent scholar in this field of research, it assumes that people
support an energy source in principle, but in practice do not want to host it in their

local area (van der Horst, 2007). However, this overlooks a range of other nuances
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shaping public acceptance of RE (van der Horst, 2007) and can sometimes be used

as ‘a succinct way of discrediting project opponents’ (Burningham, 2000, p.55).

This thesis thus seeks to move beyond concepts of NIMBYism towards a more
complex understanding of the factors shaping public acceptance of RE. It focuses on
a range of RE types with an emphasis on onshore wind (to enable cross-comparison
with existing studies) as well as solar farms: a technology that has been largely
overlooked in existing research despite rising deployment levels. It also considers
offshore wind, bioenergy, solar PV (in general) and wave/tidal technologies (see
further explanation in Section 1.3 on research design). The thesis therefore offers a
broad representation of public acceptance of RE across the technology spectrum,

which is valuable as low carbon transitions are likely to include multiple types of RE.

Drawing upon the influential framework by Wistenhagen et al. (2007), the thesis
considers two dimensions of public acceptance: ‘community acceptance’ of RE
infrastructure and ‘socio-political acceptance’ of RE technologies/sources. This
provides a multi-faceted analysis of public acceptance, rather than limiting itself to
just one dimension. It draws upon a wide range of academic literatures to provide a
broad view of the relevant factors shaping public acceptance of RE across these
dimensions. This is valuable as studies in the existing literature on public acceptance
of RE tend to adopt a particular conceptual perspective, meaning there is a gap in
terms of the integration of interdisciplinary perspectives to provide a holistic

synthesis of determinants of public acceptance (see Section 2 for further details).

Additionally, the thesis considers how public acceptance influences RE decision-
making in GB: a topic that has been largely overlooked in existing research. There is
a common assumption in much academic literature as well as public discourse that
a lack of public acceptance acts as a barrier to the deployment of RE and thus low
carbon transition processes. Yet, the actual influence of public acceptance on
decision-making has not been thoroughly analysed or the implications of these
dynamics fully explored. This is a research gap that this thesis contributes to,

alongside its focus on determinants of public acceptance of RE across dimensions.
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1.3. Research design

1.3.1. Aim, research questions and objectives

The overarching aim of this thesis is to provide an in-depth understanding of how

public acceptance of RE in GB can be described, understood and explained.

To achieve this aim, the thesis responds to the following three research questions:

1) What are the key determinants shaping public acceptance of RE in GB?
a. Community acceptance (onshore wind, solar farms)
b. Socio-political acceptance (onshore wind, offshore wind, solar,
bioenergy, wave/tidal energy)
2) Towhatextentdoes publicacceptance of RE (community and socio-political)
influence RE decision-making in GB?
3) What are the implications of the above findings for GB’s low carbon energy

transition?

To answer these research questions, the thesis is guided by four research objectives:

e To identify key determinants of public acceptance of RE in GB (both
community acceptance and socio-political acceptance)

e To develop an interdisciplinary theoretical framework to articulate key
determinants of public acceptance of RE

e Tounderstand the extent to which different dimensions of public acceptance
influence RE decision-making in different contexts in GB

e To critically analyse the findings of the thesis and infer implications for GB’s

low carbon energy transition

Different types of RE are investigated in terms of socio-political and community
acceptance because of the different data and methods used for each. For
community acceptance, two RE sources are focused on: onshore wind and solar
farms, addressed in Chapters 3 and 5. These have been selected because: 1) onshore
wind is the most widely deployed and publicly controversial RE source in GB, making
it an important case study; 2) little research has been done on public acceptance of

solar farms despite their rapid rise in deployment in recent years. Both technologies
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are widely deployed in GB, so are very relevant to policy debates. Data was gathered
from the UK Renewable Energy Planning Database (REPD) for Chapter 3, and

through primary data collection on the Cleve Hill Solar Park case study in Chapter s.

For socio-political acceptance, five RE sources are explored: onshore wind, offshore
wind, solar, bioenergy, and wave/tidal. These are focused on as they are the sources
included in the UK Energy and Climate Change Public Attitudes Tracker (PAT), the
dataset used in Chapter 4 of this thesis. It also considers socio-political acceptance
of nuclear and fracking to compare and contrast with RE, though it is acknowledged
that these energy sources involve a different set of public acceptance issues, so the
analysis presented is not intended to be comprehensive. Instead, their inclusion
helps to provide a broader perspective on the UK’s energy policy landscape and the

policies and technologies which are playing a role in the UK'’s low carbon transition.

1.3.2. Rationale for the thesis

In terms of its academic rationale, the thesis is motivated by the aim to contribute
empirical and conceptual insights to the scholarly literature on public acceptance of
RE. Empirically, it firstly contributes by utilising previously overlooked datasets: the
REPD and the PAT. Both datasets provide rich insights into public acceptance of RE
but have not been previously used for academic research. Each contain observations
going back over a substantial period of time (1990 and 2012 respectively), enabling
temporal trends to be identified — something which is highlighted by scholars in this
field as an important research agenda in public acceptance of RE (e.g. Rand and
Hoen, 2017). They also contain geospatial data, additionally enabling analysis of
spatial trends in public acceptance of RE. Secondly, the thesis makes empirical
contributions by focusing on technologies which are largely absent in the literature,
namely solar farms, which have been under-researched globally and especially so in
the GB context. Thirdly, the thesis offers empirical contributions on the relationship
between public acceptance and RE decision-making in GB. This is an aspect of
energy transitions research with potentially significant implications, but which has

currently not been thoroughly explored in the existing scholarly literature.
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Conceptually, the thesis is motivated by the aim to integrate interdisciplinary
perspectives on public acceptance of RE. Whilst public acceptance of RE research
has grown rapidly in recent years (Gaede and Rowlands, 2018), there remain gaps in
terms of the integration of interdisciplinary perspectives. Public acceptance of RE is
a highly interdisciplinary research topic, yet studies often do not combine multiple
disciplinary perspectives. This thesis takes an interdisciplinary approach and
combines insights from the range of literatures presented in Section 2 to develop an
integrated approach to analysing public acceptance of RE. Thus, alongside its
empirical contributions, it offers conceptual contributions by demonstrating how
multiple literatures can be brought into dialogue with one another to generate
richer, more productive insights. This dialogue is important as these disciplinary

perspectives have cross-cutting implications which may otherwise be overlooked.

In terms of the applied, policy-orientated rationale for the thesis, public acceptance
is widely considered to be an important factor in successful RE transitions, which are
a necessary response to the urgent challenge of climate change (Devine-Wright,
2009). Improved understanding of public acceptance may help to recognise
potential issues or blockages in RE deployment, inform policy design, identify how
RE interventions are likely to be received by social groups, and ultimately help to
plan and manage RE transitions in a smooth and rapid way. It is also likely to reduce
uncertainty in how low carbon transition policies play out in the real world, which is
particularly important given that ‘public attitudes have been identified as one of the
most important systemic uncertainties that will affect the successful achievement
of UK energy policy’ (Hooper et al., 2018, p. 405). As public acceptance scholar Hilary
Boudet (2019, p. 446) writes in a review paper of energy perceptions:

'Although knowledge about public perceptions and responses does not

guarantee acceptance or adoption, its absence is likely to result in failure.’
This quote neatly summarises the instrumental rationale(s) underpinning public

acceptance research, which this thesis holds alongside its academic motivations.

Beyond the instrumental rationales described above, there are normative rationales

underpinning public acceptance research such as democracy, trust and legitimacy.
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For instance, the British public directly contributes to RE policies through a levy on
energy bills (Evensen et al., 2018). There is therefore a democratic argument in
favour of pursuing energy policies that are supported by the public, given they are
providing financial support towards it. Beyond this financial rationale, it can also be
argued that in a democratic country, elected decision-makers should enact policies
that are supported by their constituents, particularly if they are elected on a
platform to do so. Not doing so (or pursuing policies that they do not have a public
mandate for) may erode trust in decision-making institutions and potentially
undermine the political legitimacy of low carbon transitions (MacArthur, 2015).

These normative rationales also motivate the thesis alongside its other objectives.

1.3.3. Research approach

This thesis utilises two research approaches: secondary data analysis (Chapters 3
and 4) and case study (Chapter 5). Secondary data analysis is analysis of data that
has been collected and tabulated by other sources, such as government agencies
(Bhattacherjee, 2012). This was selected because there are two governmental
datasets that are relevant to the research topic which have previously been
overlooked in academic research: the REPD and the PAT. Each of these have been
collected over a number of years (since 1990 and 2012 respectively) and contain
geographical data. Analysis of these datasets therefore provides a unique
opportunity to understand trends in public acceptance of RE in GB over time and
across space. In the case of the PAT, geographical data was not publicly available so
was accessed through the Office for National Statistics (ONS) Accredited
Researcher Scheme, following a successful application to be granted access to this
data (Appendix 2). The secondary data analysis research approach allows for broad

characterisations and general trends to be identified for a population of interest.

A case study is an in-depth investigation of a research phenomenon in a real-life
setting (i.e. case). Data can be collected using a variety of methods such as
interviews, observations and document analysis, and can be either quantitative or

qualitative. A key strength of case research is that it allows aspects of a phenomenon
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to be discovered that may not be known in advance (Bhattacherjee, 2012). It
therefore provides a good balance to the secondary data analysis research design as
it allows theory to be developed as well as applied and tested (George and Bennet,
2004). Social science theorist Robert K. Yin defines a case study as ‘an investigation
of a contemporary phenomenon within its real-life context when the boundaries
between phenomenon and context are not clearly evident’ (2009, p. 638). By using
case research in this thesis, alongside secondary data analysis, the phenomenon of
public acceptance of RE can be investigated in its real-life context as well as through
exploration of broader generalised trends. Together, these two research approaches

therefore enable both breadth and depth of analysis of the research topic.

Each of these research approaches draws upon observational data rather than data
generated through experimental conditions. This means the conclusions drawn by
this thesis predominantly apply to relatively large, privately owned RE because this
is currently the dominant mode of deployment in GB. This also informs the selection
of Cleve Hill Solar Park as a case study (i.e. a large, privately owned RE project) in
order to enable comparability. Other types of RE are considered in some instances.
For example, Chapter 3 uses ‘project size’ and ‘ownership’ (private vs community) as
independent variables in the statistical analysis of planning outcomes for onshore
wind and solar farms to identify how this interacts with community acceptance. In

the main, however, the research lends itself to insights into large-scale, private RE.

The secondary data analysis components of the thesis follow a deductive research
approach, whereby research hypotheses are formulated based on a conceptual
framework and tested on empirical data. The case study component of the thesis
follows an abductive research approach whereby a conceptual framework is applied
with a view to modifying it and thus developing new theory (Bryman, 2012). The
process for developing the three ‘I’ theoretical framework for understanding public
acceptance of RE (i.e. the thesis’ main theoretical contribution) is depicted in Figure
3 below. The framework was first developed from a literature review (Chapters 2 and
3), tested deductively in Chapters 3 and 4, then tested abductively in Chapter 5,

before being refined and the final version presented in Chapter 6 (Figure 19).
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Literature review Initial framework

Deductive testing Abductive testing

Refined
framework

Figure 3. Process for building the three ‘I theoretical framework for understanding
public acceptance of RE (i.e. the main theoretical contribution of the thesis)

1.3.4. Research methods

The thesis takes a mixed methods approach to address its research questions,
combining quantitative and qualitative research methods. This follows the
recommendation from Haggett and Toke (2006) who argue that research on public
acceptance of RE can benefit from using quantitative and qualitative methods to
‘illuminate different but complimentary aspects of the issue’ (p. 104). Similarly,
Boudet (2019) argues that multiple measures of public acceptance can be helpful to
fully capture the complexity of public acceptance processes. Specifically, this thesis

uses the research methods of statistical analysis, spatial analysis, content analysis,
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semi-structured interviews and participant observation to holistically investigate the

research topic of public acceptance of RE in GB.

The first empirical chapter of the thesis (Chapter 3) uses statistical analysis to
identify variables associated with planning outcomes for onshore wind and solar
farmsin GB. It uses the REPD and a range of other quantitative datasets to construct
a new, multivariate dataset cataloguing the characteristics of all onshore wind and
solar farm planning applications in GB from 1990 to 2017. It then conducts binomial
logistic regression to identify project characteristics which have a statistically
significant relationship with successful and unsuccessful planning outcomes. By
using planning outcomes as an indicator of community acceptance, this research
offers unique empirical insights into which types of onshore wind and solar farms are
more likely to achieve planning success, identifies potential explanations for these
trends, and discusses what can be inferred about which projects are more and less
acceptable to the public. This provides evidence to directly answer the first research
question in relation to onshore wind and solar farms, and the second research
question with a focus on local planning decisions. Collectively, this enables

exploration of the thesis’ third research question on broader implications (Table 1).

The second empirical chapter (Chapter 4) uses a range of analytical techniques to
investigate the PAT dataset. It uses spatial analysis to identify spatial variation in
public attitudes to energy sources across GB, time series analysis to identify
temporal trends in this data (2012-2016), and ordinal logistic regression analysis to
identify key predictors of support for different energy sources. This involved
combining the PAT dataset with a range of other national datasets to create a range
of new independent variables that could be tested in the analysis. As with Chapter
3, this analysis provides evidence to directly answer the first research question (this
time in relation to onshore and offshore wind, solar (in general), bioenergy, wave
and tidal energy) and the second research question, this time with a focus on
national policy decisions. Taken together, this further enables exploration of the

thesis’ third research question on broader implications (Table 1).
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The third empirical chapter (Chapter 5) uses a combination of content analysis of
online comments, semi-structured interviews and participant observation to
investigate community acceptance of a solar farm project: Cleve Hill Solar Park.
Online responses to the planning proposal submitted by the public were quantitively
analysed and triangulated through the qualitative analysis of interview data from
local residents and other key stakeholders (campaigners and planning officials).
Participant observation at three public hearings and an official site inspection
enabled further contextualisation of the research data, plus the opportunity to
recruit interview participants. This chapter provides evidence to answer the thesis’
first research question in relation to solar farms and the second research question in
relation to national planning decisions. As with the other chapters, this chapter also

provides evidence to further contribute to the third research question (Table 1).

Table 1. Matrix showing how the thesis’ overarching research questions are
addressed across the chapters

Question Chapter 3 Chapter 4 Chapter g
1. What are the key Community Socio-political Community
determinants shaping acceptance: acceptance: acceptance:
public acceptance onshore wind, onshore/offshore solar farms
(community and solar farms wind, bioenergy,
socio-political) of RE wave/tidal, solar
in GB?
2. To what extent

li . : National
does public . Local planning National atlo.na
acceptance influence . . planning

. : processes policymaking

RE decision-making processes

in GB?

3. What are the
implications for GB's
energy transition?

Critical analysis of findings from Chapters 3, 4 and 5
(discussed in Chapter 6)

It should be noted that more specific research questions and/or hypotheses are also
sometimes addressed in the empirical chapters (Chapters 3, 4 and 5). The matrix
shown in Table 1 depicts the overarching research questions of the thesis (see

Section 1.3.1) in order to demonstrate how answering each of them is achieved.
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1.3.5. Research philosophy

This thesis is guided by a critical realist research philosophy. Critical realism seeks to
bridge the gap between the positivism of natural science and the interpretivism of
social science. It does so by adopting the assumption that there is one reality
(ontological realism) which is a key position in positivism, alongside the assumption
that each individual has their own perception of this reality, thereby incorporating
the interpretivist assumption of ‘multiple realities’ (Healy and Perry, 2000). As
Krauss (2005) explains: ‘The concept of reality embodied within realism is thus one
extending beyond the self or consciousness, but which is not wholly discoverable or
knowable’ (p. 761). The assumption made by this thesis is therefore that there is one
ontological reality containing objective events and processes, but how people

experience and interpret that reality is unique, individual and subjective.

A critical realist position helps to bridge the quantitative-qualitative ‘divide’ which
has traditionally been assumed in scientific and social-scientific research. This is
because it allows multiple epistemologies (philosophies of how we come to know
about the world) and is therefore consistent with both quantitative and qualitative
methods. Under the critical realist paradigm, the choice of method is informed by
‘the level of existing knowledge pertaining to it’ (Krauss, 2005, p. 762), rather than
through a fixed epistemology about the appropriate method(s) used to generate
knowledge. As Sovacool et al. (2018) describe, there is ‘no preference for a particular
method — choice depends upon the research question and the nature of the relevant

entities and causal mechanisms. Mixed methods encouraged’ (2018, p. 15).

A critical realist position thus underpins the choice of research approach and
methods utilised in this thesis, using quantitative techniques where there is already
scientific knowledge established, combined with more exploratory qualitative
techniques when less is known about the research topic in question. For instance,
public acceptance of solar farms has been largely overlooked in existing literature,
rationalising the choice of qualitative research methods alongside quantitative

analysis when exploring this specific aspect of the thesis’ research topic.
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1.3.6. Researcher positionality

As argued by Philip J. Dobson (2002): ‘The critical realist agrees that our knowledge
of reality is a result of social conditioning and, thus, cannot be understood
independently of the social actors involved in the knowledge derivation’. Asa matter
of rigour, the critical realist epistemology therefore calls for critical reflection on
positionality to ensure the research is ‘value cognizant’ (Krauss, 2005). This infers
that the topics | focus on in this thesis, the data collected, and the lenses | use to
analyse the data are consciously and unconsciously shaped by past experience and
values. This section therefore considers my positionality as a researcher and
identifies three key influences which may have shaped this thesis: my academic

background; my professional experience; and my personal characteristics.

Although focused on a different academic discipline, my undergraduate degree in
English Literature at the University of Edinburgh has certainly shaped my approach
to research. For instance, it taught me to situate claims within the understanding of
subjectivity and to engage with topics with an understanding of their historic and
cultural specificity. It also instilled in me a foregrounding of the researcher as an

active participantinthe analytical process through interpretation of data and results.

My Masters degree in Environment, Development and Policy at the University of
Sussex gave me a solid grounding in environmental social science and the ability to
apply critical thinking to contemporary environmental debates. It also sparked an
interest in environmental justice issues which has continued during my PhD, as well

as a keen interest in climate change, renewable energy and low carbon transitions.

Following completion of my Masters, | worked in the Sustainable Development
Policy Team at the Royal Society for the Protection of Birds (RSPB), conducting
research identifying suitable sites for deployment of RE in the UK to reduce negative
impacts on biodiversity. The project | managed, Energy Futures, demonstrated that
whilst it is technically possible for the UK to transition to RE whilst protecting

wildlife, there are likely to be trade-offs in terms of other environmental, social and
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economic impacts. This deepened my interest in the social acceptability of energy

transitions and my consideration of winners and losers in climate change mitigation.

Collectively, this past experience is likely to have shaped my approach to this thesis
in that | have a strong normative belief in the necessity of RE transitions as a
response to climate change, with the perspective that they must be carefully
managed to avoid further entrenching existing environmental, social and economic
problems. In one case, my past experience came directly into contact with my PhD
research: when collecting primary data on Cleve Hill Solar Park for Chapter s, |
encountered an interviewee who had strong negative feelings on the role of the
RSPB in the planning process. | did not disclose that | had formerly worked for them
as | endeavoured to maintain researcher neutrality and did not want to influence the
interview. However, this interaction potentially influenced my interpretation of this
data as the interviewee's perception of RSPB’s role in the planning process did not
align with my experience. This demonstrated to me that it is not possible to remove
oneself completely from a topic of research you are professionally embedded within

as you may have insider knowledge which shapes your analysis of research data.

Positionality may also have played a role in how other interviewees responded to
questions. Similarities and differences between the researcher and ‘the researched’
can influence what is and isn't disclosed by shaping whether the researcher is
perceived as an ‘insider’ or an ‘outsider’ (Merriam et al., 2001). As white and middle
class, | was likely perceived by most participants as aninsider, at least on a superficial
level; however, my northern accent and position as a researcher from the University
of Leeds denoted me as an outsider. This had an advantage as it meant interviewees
did not see me as someone embroiled inlocal politics and were therefore willing (and
in some cases eager) to put across their version of events; however, as an outsider
to the local area | was not always able to interpret their responses with an insider’s
insight. | endeavoured to mitigate this by speaking to a range of people with
different perspectives; following discussions on social media; and reading local news
reports. However, this cannot be mitigated entirely. These reflections have been

provided for transparency and to help the reader assess the validity of my analysis.
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2. Literature review

The research presented in this thesis sits at the intersection of several bodies of
academic literature. There is a substantial body of work in the environmental social
sciences on public acceptance of RE and how it can be conceptualised and explained,
which isintroduced in Section 2.1. This body of work intersects with and is informed
by multiple other literatures including energy geography, energy justice and
environmental psychology. These literatures are introduced respectively in Sections
2.2, 2.3 and 2.4, focusing on how they relate to the central research topic of public
acceptance of RE. Less commonly acknowledged are the overlaps between the
ecosystem services (ES) literature and public acceptance of RE (Holland et al., 2016).
This literature is introduced in Section 2.5, demonstrating how it provides a novel
lens through which to explore public acceptance of RE. Collectively, these literatures
constitute the conceptual framework of the thesis, which guides the research and
informs the concepts utilised therein (Figure 4). They were selected as they help to
holistically think through the multi-factorial drivers of public acceptance of RE.
Section 2.6 provides an overview of governance of energy transitions literature

which frames the wider context of the thesis’ applied, policy-oriented contributions.

Energy geography Energy justice

Concepts: landscape, scale, planning, Concepts: distributive justice,
temporal variation, spatial variation procedural justice, just transitions

» Public acceptance of «
renewable energy

Concepts: triangle of social
» acceptance (market; community; «
socio-political), NIMBYism, social gap

Environmental
psychology Ecosystem services

Concepts: risk perception, attitude Concepts: visual amenity, agricultural
formation, place attachment, values production, biodiversity conservation

Governance of energy transitions

Concepts: low carbon transitions, decision-making, public participation

Figure 4. Conceptual framework of the thesis
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2.1 Public acceptance of renewable energy

Public acceptance literature approaches the topic of energy in several different
ways. Some studies focus on public acceptance of specific instances of built energy
infrastructure such as an offshore wind farm (Ellis et al., 2007), a biomass gasifier
(Upham and Shackley, 2007) or a high voltage power line (Devine-Wright, 2013).
Other studies consider public acceptance of the fuel rather than the associated built
infrastructure. For example, Dockerty et al. (2012) investigate public opinion on
energy crops which act as a feedstock to biomass power stations, which can be
thought of as an example of ‘green infrastructure’. Other studies explore public
responses to a method of fuel production rather than the fuel itself, such as
community opposition to hydraulic fracturing infrastructure for shale gas (e.g.
Carter and Fusco, 2017). What each of these examples have in common is that they
refer to concrete, localised instances of public acceptance. This type of public
acceptance is described in the literature as ‘community acceptance’, referring to the
reaction(s) of affected local communities or wider ‘communities of relevance’ to
energy infrastructure, broadly defined (Batel, 2017). This draws upon the influential

‘triangle of social acceptance’ framework by Wistenhagen et al. (2007) (Figure 5).

Socio-political acceptance

« Of technologies and policies
- By the public

« By key stakeholders

« By policy makers

Community acceptance Market acceptance
« Procedural justice « Consumers

« Distributional justice « Investors

« Trust « Intra-firm

Figure 5. Triangle of social acceptance framework (Wistenhagen et al., 2007)
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Other studies take a more abstract, generalised approach by focusing on public
acceptance of an energy technology or energy policy, rather than infrastructure.
These studies often focus on the national scale rather than the localised instances of
acceptance. For example, Liu et al. (2017) explore factors influencing public support
for coal-fired power plants in China, and Goldfarb et al. (2016) investigate how
proximity to coal plants in the United States (US) affects public support for the
Production Tax Credit policy. Public acceptance of a technology or policy is
described by Wistenhagen et al. (2007) as ‘socio-political acceptance’, referring to
general attitudes or opinions. Importantly, it is not exclusive to the public;
policymakers and other stakeholders can also hold (or withhold) socio-political
acceptance. For instance, if a leading political party objects to a particular type of
energy they could prevent institutional arrangements which support it. This is why
scholars such as Maarten Wolsink (2019) emphasise the distinction between public
and social acceptance: the latter including all actors that shape the uptake of what
he describes as ‘energy innovation’. Wolsink argues that the object of acceptance is
always innovation; however, this thesis uses the terms ‘infrastructure’ and
‘technology/source’ to be clear about the object of acceptance being referred to,
whilst recognising these are embedded in broader processes of energy innovation.

This thesis focuses on the public as a key stakeholder in social acceptance processes.

The third point on the ‘triangle of social acceptance’ is market acceptance. This
refers to market adoption of an energy innovation by consumers or investors. For
example, the uptake of rooftop solar PV by households is an illustration of market
acceptance by consumers, as is switching to a RE tariff (WUstenhagen et al., 2007).
This type of acceptance conceptualises the public in a different way to community
and socio-political acceptance, as it positions individuals as consumers rather than
citizens. van Rijnsoever et al. (2015) describe these characterisations as being based
on whether individuals have a direct or indirect role within the innovation process.
They argue that citizens play a fairly indirect role by voicing their opinions or acting
in ways that support or resist a technology or infrastructure, whilst consumers play
a more direct role by adopting or using energy innovations. This thesis focuses on

the public in their role as citizens. Given this, it concentrates on two measures of
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public acceptance: socio-political (general attitudes to RE sources) and community
(local responses to RE infrastructure). Market acceptance is beyond the scope of the
thesis as it requires a different set of methods to measure it, it conceptualises the

public in a very different way, and is not directly relevant to the research questions.

Because of these different understandings of and approaches to public acceptance,
it is important for studies to be clear about what type of acceptance is being
measured, and to be specific about how public acceptance is being defined. This
thesis follows the definition of public acceptance provided by Upham et al. (2015) as
‘a favourable or positive response (including intention, behaviour and — where
appropriate — use) relating to a proposed or in situ technology or socio-technical
system, by members of a given social unit (country or region, community or town,
household or organization)’ (p. 103). Importantly, it does not regard ‘acceptance’
and ‘non-acceptance’ as binary positions: it conceptualises acceptance as a scale
covering a spectrum of positions, from active support to passive tolerance to active
opposition. As Wolsink argues, it covers ‘all dynamic positions and actions — taking
initiatives, early adoption, support, resistance, opposition, apathy, tolerance,
uncertainty, indifference’ (2018, p. 291). Some studies use simplified categories such
as ‘for’ and ‘against’ to broadly categorise these positions and actions (e.g. Baxter et
al., 2013), which can remove important nuance in how people feel towards a
particular energy issue. This thesis avoids this simplification as much as possible,
though sometimes uses these categories as shorthand for where people are

positioned along the scale of acceptance, whilst recognising its manifold nature.

Importantly, as noted in Section 1.2, NIMBYism has traditionally been the dominant
way of understanding public acceptance of energy infrastructure (van der Horst,
2007). This refers to general support for a technology in principle (i.e. socio-political
acceptance), yet simultaneous opposition to the implementation of that type of
infrastructure at a local level when it will directly affect one’s own neighbourhood
(i.e. community acceptance). This divergence between dimensions of acceptance is
often described as the ‘social gap’ (Bell et al., 2005). However, many scholars reject

the use of NIMBY framing in relation to public acceptance issues as it overlooks the
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nuances of siting conflicts (Wolsink, 2006). Furthermore, there is limited evidence
that local responses to energy infrastructure are in fact characterised by NIMBYism
(Haggett, 2011). Instead, research suggests that communities tend to be motivated
by emotional attachment to place (Devine-Wright, 2009), genuine concerns around
the development based on local knowledge (Aitken, 2010), or issues of trust and
transparency in the developer and involvement in decision-making processes
(Gross, 2007). These topics are covered in more details Sections 2.2 — 2.5, bringing

togetherinsights from different disciplines to provide a more holistic understanding.

2.2. Energy geography

Energy plays a central role in socio-spatial relations, from geopolitical relationships
to shaping mobility patterns and lifestyles. As such, ‘the study of energy is
increasingly recognised as being at the heart of the geographic tradition’ (Calvert,
2015, p. 106). It has been described by geographer Kirby Calvert as a ‘fertile
academic borderland’ (2015) encompassing both human and physical geography as
well as numerous other disciplinary and sub-disciplinary approaches (Figure 6).
Gavin Bridge et al. (2013) argue that energy transitions are inherently geographical
processes and must be examined as such. This thesis draws upon energy geography
literature to explore the spatial aspects of public acceptance of RE in GB, as well as
using concepts from the geographic discipline to help describe, explain and

understand public acceptance of RE as a socio-spatial phenomenon.
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Figure 6. Subfields and ‘borderlands’ (overlapping subfields) of energy geography
and connections with other academic disciplines (Calvert, 2015)
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Of relevance to the topic of public acceptance of RE is the geographical concept of
landscape. The term ‘landscape’ has multiple and contested definitions, depending
on the academic discipline or applied context in which it is used. Bridge et al.
describe it as ‘the assemblage of natural and cultural features across a broad space’
(2013, p. 335). The European Landscape Convention defines it as ‘an area, as
perceived by people, whose character is the result of the action and interaction of
natural and/or human factors’ (Council of Europe, 2000). These definitions are
important as they highlight the role of people, culture and perceptions in creating

landscapes, rather than conceptualising landscape as an objective physical entity.

Bridge et al. observe that ‘the transition towards a low carbon economy will require
the reappraisal of the form, function and value of some contemporary and familiar
landscapes’ (2013, p. 335). This includes carbon-producing landscapes (e.g. sites of
energy generation, industrial landscapes) and carbon-storing landscapes (e.g.
marshes, uplands). As a result, they argue that ‘for many people, “low carbon energy
transition” is experienced as the transformation of landscape’ (2013, p. 335), bringing
this issue to the forefront of public acceptance of RE. One of the reasons why RE
sources have such profound landscape implications is because they are low density
and much more distributed than conventional energy sources, meaning they require
a larger amount of land than the current fossil-fuel based energy system (Apostol et
al., 2016). Some RE technologies have unique visual impacts, such as the dynamic
aspect of wind turbines given that the blades are rotating, and the issue of glare
associated with solar technologies (Apostol et al.,, 2016). Whilst offshore
technologies such as wind, wave and tidal are often posited as a solution to
landscape impacts, these too can have visual impacts and give rise to concerns
around ‘seascapes’, particularly as the optimal sites for offshore energy are often

close to the shore and thus highly visible (Bailey et al., 2011; Firestone et al., 2018).

For some geographical scholars (e.g. those that take an environmental planning
perspective), solving the landscape ‘problem’ is therefore fundamental to managing
and delivering a publicly acceptable RE transition. For instance, Apostol et al. (2016)

argue that there is no precedent in scenic resource management for the landscape
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change incurred by RE, and that new approaches to Landscape and Visual Impact
Assessment (LVIA) and spatial planning are needed to avoid ‘turning highly valued
scenic landscapes into industrial scale energy harvest landscapes’ (p. 8). This
perspective implies a belief in planning and techno-managerial solutions to fix this
issue. However, other scholars argue for a shift in perspective towards RE
landscapes given the urgency of climate change and the imperative of sustainable
development. For instance, Selman (2010) demonstrates how energy production
and consumption patterns have fundamentally shaped the British landscape and
contends that there is the potential for society to develop a taste for emerging RE
landscapes if the underlying narratives behind them are socially endorsed. He
writes: ‘Landscape changes often provoke controversy, and yet may produce
outcomes which become accepted and valued after a period of time’, (p. 169). This
reframes the landscape ‘problem’ as a more socially constructed issue, rather than

one which can be solved with technical solutions or through better spatial planning.

A similar perspective is taken by geographer Martin J. Pasqualetti, who has written
extensively on energy landscapes, particularly in the US. He suggests that a key
explanation for opposition to RE developments is that many people have become
accustomed to not seeing, or even knowing, where their energy supply comes from
(Pasqualetti, 2000). This is a result of the dispersed fuel chains associated with
conventional energy production, in which fossil fuels are extracted in a different
location to where they are combusted, thereby spatially diluting the impacts of
energy generation. He argues this has buffered consumers from the environmental
costs of their energy usage and led to an ‘out of sight, out of mind’ mentality
(Pasqualetti, 2000). RE technologies, by contrast, are characterised by spatial
inflexibility in that facilities must be sited where the resource is available, leading to
a concentration of impacts and ‘reminding us afresh of the responsibilities we have
for the energy we use’ (Pasqualetti, 2000, p. 382). Like Selman, Pasqualetti indicates
that there will likely need to be adjustments to people’s expectations of landscapes
and possibly seascapes if RE is to become an accepted mode of energy generation.
This thesis explores the role of landscape, aesthetics and visual impacts in shaping

public responses to RE, alongside a range of other factors and influences.
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Another important geographical concept utilised in this thesis is scale. Gibson et al.
(2000) define scale as ‘the spatial, temporal, quantitative or analytical dimensions
used by scientists to measure and study objects and processes’ (p. 219). The spatial
scale at which public acceptance is measured has an important effect on how it is
understood. For instance, high levels of support for wind energy at a national scale
measured by opinion polls are often very different to acceptance at a local scale,
measured by community reactions to actual wind projects i.e. what is commonly
known as the ‘social gap’ (Bell et al., 2005). Temporal scale is also relevant as
research indicates that public acceptance of RE not static but changes overtime (e.g.
Vanhulle et al., 2010; Wilson and Dyke, 2016; Rand and Hoen, 2017), though it is
unclear whether this is due to familiarity or something else. The thesis thus takes
account of spatial and temporal scales when exploring public acceptance of RE, with

the understanding that this phenomenon is likely to vary across time and space.

2.3. Energy justice

The transition to a low carbon society provokes a range of considerations around
justice, fairness and well-being (Buchs et al., 2011). As argued by Klinksy et al. (2016):
‘Justice, and its flipside injustice, are central to the intersection of climate change
and human well-being’ (p. 172). Multiple justice theories have been developed in
relation to low carbon transitions, including energy justice, environmental justice,
climate justice and just transition theory (Jenkins, 2018). As indicated in the original
‘triangle of social acceptance’ framework, justice considerations have long been
central to work on public acceptance of RE. This framework highlights ‘distributive’
and ‘procedural’ justice as core components of community acceptance. Distributive
justice refers to the fair distribution of costs and benefits across society, regardless
of sociodemographic characteristics such as race and income (Walker, 2009).
Procedural justice refers to equal participation in decision-making for all affected
stakeholders, for example consultation of local residents and businesses in areas
where RE projects are proposed (Sovacool et al., 2016). Some justice scholars
additionally distinguish between procedural and recognition justice (e.g. Fraser,

1997; Schlosberg, 2007). Whilst similar concepts, recognition justice is differentiated
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by its focus on who is recognised as an important stakeholder, recognising that some

social groups are disadvantaged within society and formal participation processes.

This thesis engages with theories of justice to understand how perceptions of justice
shape public acceptance of RE. It primarily draws upon energy justice theory, which
considers distributive, procedural and recognition justice in relation to issues across
the energy lifecycle, from cradle to grave (Heffron and McCauley, 2014). Energy
justice shares the same three ‘pillars’ (i.e. distributive, procedural and recognition)
as other prominent justice theories (Jenkins, 2018). This has led to calls by some
academics to combine energy, environmental and climate justice into a unified ‘just
transition’ concept (Heffron and McCauley, 2018). However, this is not necessarily
straightforward as each of these justice theories make different claims about what
is ‘just’ and focus on different geographical scales (Fraser, 2008). As highlighted by
scholar Matthew Cotton, there are strong overlaps between energy justice and
environmental justice particularly when it comes to infrastructure siting (Cotton,
2018). This thesis therefore applies energy justice theory with the understanding
that it cannot necessarily be neatly integrated with other approaches to justice but
thatitis embedded within and indebted to longstanding traditions of environmental

justice, which in turn also has roots within social justice theory (Scholsberg, 2007).

Whilst there are many diverse claims about justice in relation to energy transitions,
and multiple ‘objects’ of justice can be focused upon, an important consideration is
the distribution of employment. Indeed, the concept of a ‘just transition’ originally
emerged from the trade union movement to highlight the need to protect jobs and
livelihoods of those affected by the transition, such as communities reliant on fossil
fuel industries for employment (Morena et al., 2019). The concept has since been
adopted by multiple groups and expanded to encompass concerns such as fair
adaptation to climate impacts (Stevis and Felli, 2016), improving human well-being
in terms of income, education and health (Swilling et al., 2016) and reducing
inequalities in terms of exposure to localised degradation (Newell and Mulvaney,

2013). The term ‘just transition’ is therefore often understood in different ways by
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diverse stakeholder groups. This thesis seeks to capture this diverse and pluralistic

understanding of justice whilst also contributing empirical evidence where possible.

The first empirical chapter (Chapter 3) applies energy justice theory to community
acceptance of onshore wind and solar farms in GB, raising questions about whether
RE infrastructure can be understood as a distributional injustice in the way that other
types of development traditionally have been. The second empirical chapter
(Chapter 4) touches upon how perceptions of distributive justice may influence
public attitudes to RE across GB. The third empirical chapter (Chapter 5) considers
how justice concerns manifest themselves in the specific instance of the siting
conflict regarding Cleve Hill Solar Park. A distinctly geographical perspective
towards justice is taken throughout the thesis, acknowledging the multiple spatial
dimensions of justice and responding to calls from scholars to apply geographical

thinking to a range of justice issues (Bouzarovski and Simcock, 2017; Walker, 2009).

2.4. Environmental psychology

Another important body of literature for public acceptance of RE is environmental
psychology (Whitmarsh et al., 2011). Indeed, the origins of public acceptance
research lie in risk perception scholarship (a sub-field of psychology), triggered by
widespread contestation over nuclear power (Wolsink, 2018). Risk perception
studies are concerned with how people make judgements about potentially
hazardous activities or technologies. This has a strong link with whether the public
accepts new technologies, such as RE. As risk scholar Paul Slovic (1987) describes:
‘Results from studies of the perception of risk have been used to explain
and forecast acceptance and opposition for specific technologies |[...]
Research shows that people judge the benefits from nuclear power to be
quite small and the risks to be unacceptably great [...] Attempts to
"educate” or reassure the public and bring their perceptions in line with
those of industry experts appear unlikely to succeed.’(p. 284-5)
Although the focus of this thesis is public acceptance of RE rather than nuclear
power, lessons can be learnt from this body of research on how people form

preferences and make judgements about what types of energy are acceptable. For
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instance, as Slovic refers to, the assumption that providing people with information
will make them ‘accept’ new technologies (i.e. the information-deficit model) has
been investigated in the context of public acceptance of RE (e.g. Bidwell, 2016),

finding that information may have aninfluence but is only one of a variety of factors.

Attitude theory from social psychology, which is concerned with how people make
evaluations, is another important influence on studies of public acceptance of RE.
An attitude can be defined as ‘a favourable or unfavourable evaluative reaction
toward something or someone, exhibited in one’s beliefs, feelings, or intended
behaviour’ (Myers, 2012, p. 36). Attitudes are generally considered to have three
dimensions: cognitive, relating to our knowledge, thoughts and beliefs; affective,
relating to our feelings and emotions; and behavioural, relating to how we act
(Whitmarsh et al., 2011). In some cases, there can be a mismatch between these
aspects. For example, a belief that new RE infrastructure is required does not
necessarily lead to behaviour which aligns this belief (Waldo, 2012). Where relevant,
this thesis considers the role of attitudes in shaping people’s acceptance of RE,
including how this interacts with other variables such as sociodemographic
characteristics, which have also been shown to be an important influence on public
acceptance of RE (Bishop and Miller, 2007). However, it is alert to the fact that a

positive attitude is only one aspect of acceptance and may not align with behaviour.

Another key psychological concept which has informed public acceptance of RE
research is place attachment. This refers to the emotional bond between people and
place, often the place in which they live, though sometimes other places such as
holiday destinations or places regarded as special in some way (Gurney et al., 2017).
Public acceptance scholar Patrick Devine-Wright has explored this in-depth in
relation to public reactions to RE projects in the UK. He argues that NIMBYism
should be reconceived as ‘place-protective action’ that arises when RE projects
disrupt emotional bonds and threaten place-related identities (Devine-Wright,
2009). His research has found place-attachment to be an important predictor of
acceptance in a range of contexts, including an onshore wind farm in Wales (Devine-

Wright and Howes, 2010), a tidal energy project in Northern Ireland (Devine-Wright,
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2011) and a powerline in South West England (Devine-Wright, 2013). Similarly,
Vorkinn and Riese (2001) identify place-attachment as a significant predictor of
acceptance for a proposed hydropower project in Norway. Interestingly however,
place attachment was not identified as an important predictor for another wind farm
in Wales (Devine-Wright and Howes, 2010) which was proposed in a more
industrialised area that was not perceived as ‘natural’ by residents. This indicates the

linkages between landscape, place attachment and public acceptance of RE.

Other psychological research in the UK has focused on the role of values in shaping
public acceptance of RE. For example, Parkhill et al. (2013) conducted a synthesis
analysis of qualitative and quantitative datasets to identify the core values
underlying public perspectives on energy transitions. They found that public
preferences for energy technologies were underpinned by general positions that
underlie particular concerns, and these general positions (or ‘values’) are heavily
drawn upon when forming preferences. To illustrate, strong public preferences for
solar energy were found to be underpinned by perceptions that it is ‘renewable’,
‘fair’, ‘just’, and ‘clean’. They therefore argue that why people favour particular
technologies provides more meaningful insights than which technology they favour,
because if solar energy were to be deployed in a way that was inconsistent with

these underlying beliefs it would no longer enjoy the same level of public support.

This links closely to research on the role of political values in public acceptance of
RE. For example, Bidwell (2013) finds that public opposition to wind energy is linked
to traditional values as opposed to altruistic values, therefore arguing that it is
‘fuelled by conservativism’ (p. 197) rather than by NIMBYism. Other research has
identified a similarly important role for values in motivating low carbon behaviour,
such as reducing air travel (Bichs, 2017). Butler et al. (2015) argue that dominant UK
policy framings of energy system change substantially diverge from framings that
resonate with public values. They suggest that inclusion of framings within energy
policy that are in line with people’s psychological and political values may help to
improve overall public acceptance of RE transitions. Where possible, this thesis

therefore also considers the role of values in shaping public acceptance of RE.
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2.5. Ecosystem services

Whilst RE is a critical part of the response to climate change, the development of
new RE infrastructure inevitably entails impacts on the natural environment and the
range of ES it provides (Holland et al., 2016). This in turn may influence public
acceptance of RE, for example as a result of a loss of visual amenity provided by
scenic landscapes, though this has been under-explored in the literature to date. ES
have become an increasingly common feature of environmental policy and practice
in recent years, as well as a key frame within academic research. ES are defined in
the Millennium Ecosystem Assessment as ‘the benefits people obtain from
ecosystems [including] provisioning, regulating, cultural and supporting services'
(Duraiappah et al., 2005, p. V). The ecosystems which provide these services are
commonly described as ‘natural capital’, applying the financial characterisation of
capital as ‘stocks’ which yield ‘flows’ of services (TEEB, 2010). One of the central
purposes of ES research is to enable better integration of the economic value of the
natural environment into decision-making, given that this value is not otherwise
captured by classical economic approaches. However, the ES framework can also be
applied as a conceptual approach to understanding human-nature relations and a

means to articulate the things that people value about the natural environment.

This thesis uses the ES concept to articulate how the impacts of RE on the natural
environment may shape public acceptance, alongside other determinants. RE
sources affect ES in different ways. This includes provisioning services such as the
availability of fresh water (Holland et al., 2015) and land for food production (Lovett
et al., 2014), requlating and supporting services such as biodiversity (Gove et al.,
2016), and cultural services such as the visual amenity of natural landscapes (Apostol
et al., 2016). Impacts can be either positive or negative, or sometimes a mixture of
both. For example, using agricultural land for solar farms may negatively impact
upon primary production of food, but may boost soil quality by reducing the use of
chemicals and fertilisers on the land. If the same land were to be used to grow
bioenergy crops, this may have less of an impact on visual amenity but require

increased amounts of fresh water. Holland et al. (2016) suggest that integrating ES
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into energy planning processes could help to improve public acceptability of RE by
illuminating trade-offs that different stakeholders are willing to accept and the

environmental benefits that they consider to be the most (and least) important.

As discussed in Sections 2.2 and 2.4, landscape and place attachment are identified
in the existing literature as key drivers of public acceptance of RE. Visual amenity
provided by valued and/or scenic landscapes is therefore a particularly important ES
issue to consider in this thesis. However, it is important to be aware of how ES values
and preferences vary between social groups. Forexample, Ladenburg and Dubgaard
(2009) found that preferences for reducing the visual disamenities from offshore
windfarms varied between frequent and less frequent coastal zone users. Using a
choice experiment, whereby participants are asked to state what they would be
willing to pay for different options, they found that frequent users (e.g. residents,
visitors, anglers and recreational boaters) were willing to pay approximately twice
as much as non-frequent users to have future offshore windfarms sited further away
from the coast. This highlights that how ES shape public acceptance of RE is highly
context specific and is likely to vary between demographic/user groups who interact

with the natural environment in different ways and value differing aspects of it.

Additionally, the role of ES in public acceptance is likely to vary between RE
technologies. For instance, several studies find that perceptions of visual impact are
the strongest single influence on individuals’ attitudes towards wind energy
(Pasqualetti et al., 2002; Warren et al., 2005; Wolsink, 2000). Whilst visual impacts
of wind energy tend to be thought of as negative, some studies have in fact found
them to be positively welcomed. For instance, Ellis et al. (2007) found that certain
local residents in Northern Ireland responded very positively to a proposed offshore
wind farm partly because of their visual impact, with one research participant
commenting: ‘/ am all for windmills. | think it gives movement to the land and sea’ (p.
534). However, there is less research into how impacts on ES such as visual amenity
shape attitudes towards other types of RE. For example, little research has been
done on the role of visual amenity in public acceptance of large-scale solar farms

(Smardon and Pasqualetti, 2016). This therefore represents a gap in the literature
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which this thesis contributes towards by bringing ES into dialogue with public
acceptance of RE literature. In doing so, this thesis seeks to demonstrate how ES

thinking can provide a novel lens through which to explore public acceptance of RE.

2.6. Governance of energy transitions

As outlined in the previous sections (Sections 2.1 - 2.5), there are a wide range of
studies from multiple disciplines analysing public acceptance of RE and how this can
be conceptualised and explained. However, a relatively under-explored aspect of
this research topic is how public acceptance (or lack of) shapes the broader dynamics
of low carbon transitions. There is an implicit assumption in much academic
literature on this topic that a lack of public acceptance acts as a barrier to the
deployment of RE and thus broader climate mitigation (e.g. Kern and Rogge, 2016).
However, this assumes that public acceptance plays a clearly defined role in energy
governance that is not always articulated. There has been limited academic analysis
of the ways in which public acceptance actually influences RE decision-making and
how these dynamics shape the ways in which RE transitions play out. This thesis
aims to contribute to this gap by investigating and characterising the relationships
that exist between public acceptance and decision-making at both local and national
levels in GB. This section of the literature review therefore situates the thesis topic

within wider debates about the governance of low carbon energy transitions.

As noted by Newell and Mulvaney (2013), ‘transition’ has become the dominant
frame in policy and politics to describe plans for shifting to a low carbon future. This
originates from the academic literature on ‘socio-technical transitions’ (Geels 2005;
Geels and Schot 2007) which investigates how deep structural changes in systems
such as energy can be reconfigured towards a sustainable society and economy. This
body of literature has developed over the last twenty or so years in correspondence
with society’s increasing knowledge of climate change and environmental limits. A
central concept in the literature is ‘socio-technical systems’, which emphasises that
technologies are embedded within social and economic systems (Smith et al., 2005).

This perspective highlights that changes to the energy system, for example shifting
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from a fossil fuel driven system to RE, is not simply a matter of changing technology
but transforming the entire social, economic, environmental and technical systems

that energy production, transmission and consumption are embedded within.

Another key focus of the transitions literature relates to the governance of these
socio-technical systems, known as ‘transitions management’. This examines both
the destabilisation of the existing regime and the fostering of niche-level innovation
(Gillard et al., 2016; Turnheim and Geels, 2012). A key factor in relation to regime
change is the ‘diffusion of innovations’ (Rogers, 2010), which considers how and why
innovations are taken up by a population, with an emphasis on peer-to-peer
communication and networks. This perspective is helpful in terms of analysing
market acceptance but overlooks the ways in which community and socio-political
acceptance —aspects of public acceptance that are harder to ‘manage’ — may shape
how transitions unfold. As such, there is an increasing recognition of the need to
account for the role of politics and social dynamics in the transitions literature (e.qg.
Meadowcroft, 2009; Kuzemko, 2013). There is also an increasing focus on the need
to ensure proposed transitions are ‘just’, going beyond the more apolitical and

managerial origins of the transitions concept (Goldthau and Sovacool 2012).

Some recent studies have applied this more politicised perspective to energy
transitions, thereby better conceptualising the public as part of the energy socio-
technical system. For example, Sovacool (2017) analyses political contestation as a
barrier to the low carbon transition, focusing on the Nordic countries as case studies.
He identifies the ‘risk of an unstable and unpredictable policy environment;
declining rates of social acceptability for decentralized energy systems and electric
transmission lines and cables; and a growing intolerance for carbon and energy
targets as key areas of political contestation which could have implications for these
countries’ transitions (2017, p. 577). The paper highlights that moving to a low carbon
economy will create its own set of winners and losers, and that public and political
support can change drastically over a very short period of time. Nevertheless, it does
not explore in detail the decision-making processes and governance mechanisms

through which this might have knock-on effects on the wider low carbon transition.
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Similarly, Kern and Rogge (2016) present an optimistic vision of the low carbon
transition based on policy signals such as the UN Paris Agreement and the fact that
the low carbon transition is being ‘actively governed’, as opposed to emergent
transitions such as the shift from agrarian to industrial societies. Whilst the authors
do acknowledge the need for ‘the development of strategies to manage resistance
to the decarbonisation of the energy system’ (p. 16), their analysis does not deeply
engage with what such strategies may look like and how they might be enacted. This
thesis seeks to contribute to this gap in the transitions literature by exploring how
public acceptance actually bears influences over RE decision-making in different
contexts in GB. In doing so, it produces a better understanding of the ways in which
decision-making processes could potentially be improved to facilitate a smooth and

rapid low carbon transition that has the full buy-in and support from the public.
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3. The role of community acceptance in planning outcomes
for onshore wind and solar farms: An energy justice analysis

In publication as: Roddis, P., Carver, S., Dallimer, M., Norman, P. and Ziv, G. (2018).
The role of community acceptance in planning outcomes for onshore wind and solar

farms: An energy justice analysis. Applied Energy, 226, 353-364.

3.1. Abstract

The deployment of RE technologies as part of climate mitigation strategies have
provoked a range of responses from various actors, bringing public acceptance to
the forefront of energy debates. A key example is the reaction of communities when
RE projects are proposed in their local areas. This paper analyses the effect that
community acceptance has had on planning applications for onshore wind and solar
farms in GB between 1990 and 2017. It does this by compiling a set of indicators for
community acceptance and testing their association with planning outcomes using
binomial logistic regression. It identifies 12 variables with statistically significant
effects: 4 for onshore wind, 4 for solar farms, and 4 spanning both. For both
technologies, the visibility of a project, its installed capacity, the social deprivation
of the area, and the year of the application are significant. The paper draws
conclusions from these results for community acceptance and energy justice and

discusses the implications for energy decision-making.

3.2. Introduction

The deployment of RE technologies as part of the transition to a low carbon
economy has provoked a broad range of responses from a variety of actors, bringing
issues of public acceptance to the forefront of energy debates (Devine-Wright, 2007;
Fast, 2013; Upham et al., 2015). In some cases, the views of the public have (at least
ostensibly) informed energy decision-making such as the phase out of nuclear
power generation in Germany, partly motivated by public concerns over safety
following the Fukushima disaster (Wittneben, 2012), and the phase out of onshore
wind subsidies in the UK on which the government stated: “we are reaching the

limits of what is affordable, and what the public is prepared to accept” (DECC, 2015).
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In other cases, energy policies and projects have proceeded despite strong negative
public reactions, such as large-scale hydropower projects in environmentally
sensitive areas of Brazil and China (Sternberg, 2008), fracking for shale gas in the UK
(Cotton, 2016), and controversial coal mining projects in Australia (Smyth, 2016).
This raises empirical and ethical questions about the role(s) that public acceptance
can, does and should play in formulating energy policy and informing energy
deployment. It also leads to theoretical questions around the relationship between
public acceptance and the concept of energy justice, which have received limited

attention in the existing literature in this area.

As a relatively novel theoretical approach, the conceptualisation of energy justice is
still taking shape. McCauley et al. (2013) describe energy justice as having a
‘triumvirate of tenets’: distributional, procedural and recognition justice. The
distributional aspect draws upon environmental justice theory, which originates
from research conducted in the USA in the 1970s and 8os revealing that low
environmental quality and high environmental hazards were frequently
concentrated in minority and economically disadvantaged communities (Bullard,
1983; Freeman, 1972). Similar patterns have since been identified in many other
countries such as Mexico, France and the UK (Mitchell et al., 2015; Stevens et al.,
2008; Viel et al., 2011), showing that poorer communities tend to bear the burden of
environmental ills such as air pollution, water pollution, and exposure to hazardous
wastes. In relation to energy, distributional injustices have been identified in many
formsincluding energy poverty (Bouzarovski and Simcock, 2017; Gillard et al., 2017),
the labour market (Healy and Barry, 2017), and infrastructure siting such as fracking
and nuclear power (Clough and Bell, 2016; Kyne and Bolin, 2016). However, despite
some recent academic attention (e.g. Liljenfeldt and Pettersson, 2017) the
distributive elements of RE development have been relatively overlooked, perhaps

because it is often regarded uncritically as an environmental and social good.
Procedural justice refers to equitable participation in decision-making for all

affected stakeholders in a non-discriminatory way (Walker, 2009). It demands

appropriate and sympathetic engagement mechanisms (Todd and Zografos, 2005)
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and for the views of all stakeholders to be taken seriously throughout the decision-
making process (McCauley et al., 2013). It also requires impartiality and full
information disclosure by those in positions of authority, such as government and
industry (Davies, 2006). In relation to energy decision-making, this includes
processes such as public consultation on infrastructure siting decisions, and
transparency relating to information such as public subsidies for different energy
sources (Sovacool et al.,, 2016). This tenet of energy justice has received greater
attention in relation to RE than distributional justice, particularly relating to wind
power siting decisions (e.g. Aitken et al., 2008; Gross, 2007; Simcock, 2016; Walker
and Baxter, 2017). Recognition justice, whilst similar to procedural justice, is
differentiated by its focus on fair representation, recognising that some groups are
at a disadvantage within formal participation processes (Schlosberg, 2007). A lack of
recognition could manifest itself in ‘various forms of cultural and political
domination, insults, degradation and devaluation’, as well as ‘a failure to recognise’
or ‘misrecognising i.e. a distortion of people’s views that does not reflect their true
position (McCauley et al., 2013). Within the field of energy, recognition justice draws
attention to the dominance of certain demographics within energy decision-making
processes, and the need to recognise and integrate the perspectives of less powerful

stakeholders.

In this paper, we consider the implications for these tenets of energy justice
(particularly distribution) of onshore wind and solar farm deployment in GB. These
are the two most commonly deployed land-based renewable technologies in the
country (DUKES, 2016), having experienced major growth in recent years. We
investigate the role that community (i.e. local) acceptance has played in planning
outcomes for these technologies through statistical analysis of variables which
correlate with successful and unsuccessful planning outcomes. All applications
made between 1990 and 2017 are analysed (as far back as data are available). Whilst
some existing studies consider similar issues in relation to a case study area or
individual development (e.g. Ek et al., 2013; van der Horst and Toke, 2010) the
approach of this paperis novel in that it uses geospatial datasets to analyse planning

outcomes across the whole of GB over an extended time period. In Section 3.3, we
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present a conceptual framework (Figure 7) for understanding the variables which
influence community acceptance of onshore wind and solar farms, based on a
detailed literature review. The methods for the statistical analysis are outlined in
Section 3.4, and results are presented in Section 3.5. Section 3.6 then discusses these
empirical results and considers the relationship between public acceptance and
energy justice: a theoretical gap in the existing literature on the topic. Section 3.7

provides key conclusions and recommendations for future research.

3.3. Theory

Public acceptance can be divided into three dimensions (Wistenhagen et al., 2007):
socio-political (acceptance by policymakers and the general public, typically gauged
through opinion polls which provide an aggregated representation of attitudes);
market (acceptance of new technologies by adopters such as households and
businesses, or as indicated through willingness-to-pay models); and community
(acceptance by local communities affected by the implementation of a technology,
for example siting decisions for RE). In this paper, we focus on community
acceptance i.e. the reaction of citizens when an onshore wind or solar farm project
is proposed in their local area. Figure 7 synthesises insights from the public
acceptance and environmental planning literature on the variables which are
expected to influence community acceptance of onshore wind and solar farms.
Variables can be categorised as ‘material arguments’ used to oppose and/or support
projects, or ‘attitudinal/social influences’ i.e. factors which influence positive or

negative social responses to these technologies.

Material arguments against onshore wind and solar farms are commonly based
around visual impacts on scenic areas and ‘wild’ landscapes (Apostol et al., 2016;
Scognamiglio, 2016; Wolsink, 2000). The type of land cover can also influence
acceptance of these technologies (Betakova et al., 2015; Lothian, 2006). Other
material arguments focus on environmental impacts and impacts on ES, forexample
bird collision with wind turbines, given the implications for biodiversity conservation
(Gove et al., 2016). Economic concerns are another category of material argument

in support of and/or opposition to these technologies, such as impacts on property
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prices, tourism, employment, and agricultural production (Brudermann et al., 2013;
Enevoldsen and Sovacool, 2016; Gibbons, 2015; Healy and Barry, 2017). Finally,
project details also contribute to material reasons for support or opposition,
including the size of the project (Krohn and Damborg, 1999), irritations such as noise
and shadow flicker in the case of onshore wind (Jensen et al, 2014) and glare in the
case of solar farms (Minelli et al., 2014), as well as project ownership structures i.e.
whether the project is owned and managed by a private company, individual or

community group (Warren and McFadyen, 2010).

As well as material arguments, community acceptance can be affected by the
attitudes and characteristics of local residents (Bishop and Miller, 2007; Toke, 2005).
For example, demographic attributes can influence views towards RE, particularly
age, with older people tending to be less accepting that younger people (Ladenburg
and Dubgaard, 2007; van Rijnsoever et al., 2015). Demographic variables such as
social deprivation can also influence the extent to which residents take action on RE
projects proposed in their local area; communities with higher social capital are
more likely to engage in official planning processes due to their higher capacity,
agency and access to networks (Anderson, 2013; Rydin and Pennington, 2000).
Political values and beliefs have also been found to influence attitudes towards and
acceptance of RE developments (Bidwell, 2013), as well as temporal factors, with
people tending to become more accepting as a result of exposure over time (Warren
et al., 2005; Wilson and Dyke, 2016). These types of variables can be expected to
have an effect on which type(s) of people support/object to onshore wind and solar
farm projects, and (in turn) the geographical distribution of support for and

opposition to these technologies e.g. by country/region.

These ‘acceptance variables’ feed into decision-making in different ways in different
contexts. Details of how this process operates in this paper’s case study of GB
follows in Section 3.4. We acknowledge that the material arguments outlined in this
section may also be fed into decision-making through channels other than local
citizens; NGOs, pressure groups or statutory agencies may also raise concerns

around biodiversity or visual impacts, for example. We discuss the implications of
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this potential collinearity between influences on decision-making in our discussion
in Section 3.6. It should also be acknowledged that there is more research on
community acceptance of onshore wind than solar farms, meaning that higher

confidence can be placed in the acceptance variables identified for onshore wind.
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building on ‘the triangle of social acceptance of renewable energy innovation’
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3.4. Material and methods

3.4.1. Case study

GB (comprising England, Scotland and Wales) was selected as a case study due to
the broadly similar policy drivers and planning legislation for RE over this time
period, as well as comparable data availability. Since the early 1990s, the
configuration of the electricity supply system in GB has shifted from centralised
conventional power stations and remote hydropower stations to increasingly visible
decentralised RE sources such as onshore wind and solar farms. Whilst receiving
high general public approval ratings of between 64-73% (onshore wind) and 80-87%
(solar) in the UK Government’s PAT since the survey began in 2012 (BEIS, 2017), the
deployment of these technologies has frequently been marked by public opposition
at the local level (Clark, 2013; Simcock, 2016). In this paper, we investigate for the
first time in a single analysis whether variables relating to community acceptance
are statistically associated with planning outcomes for onshore wind and solar
farms. We hypothesise that community acceptance has played a role in planning
outcomes via the public participation mechanism outlined in the following
paragraph. Our results have implications for procedural and recognition justice in
terms of whose opinions are heard in decision-making processes; they also have
implications for distributional justice in terms of where onshore wind and solar farm
projects are ultimately sited, and consequently who (and where) is exposed to the

positive and negative impacts of RE developments.

In GB'’s planning system(s), the public are given the opportunity to provide their
views on planning applications to the Local Planning Authority (LPA). The period of
consultation usually lasts for 21 days, and the LPA will identify and consult a number
of different groups (DCLG, 2017). These include public consultation, statutory
consultees, non-statutory consultees and any specific consultation required by a
direction. As well as residents of the local area who might be directly affected by the
application, other individuals, community groups and interest groups (both local
and national) are also able to respond to consultations. Once the consultation period

has concluded, the representations are considered by the LPA (either a Planning
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Officer, or a Planning Committee if the case is particularly complex or controversial)
which makes the decision as to whether permission should be granted, granted with
conditions, or refused (Planning Portal, 2017). It is through this process that citizens
can highlight material arguments relating to specific projects (in support or
opposition) to decision-makers. Attitudinal/social influences can be expected to
have an influence on who (i.e. which types of citizen) engages in this process. If the
decision is either refused, granted with conditions, or not made within the time
period set by planning law within the relevant jurisdiction, the applicant has the right
of appeal. In this case, the decision on the appeal is made by decision-makers in

central government.

3.4.2. Data collection

Planning data for onshore wind and solar farms were obtained from the UK REPD.
The database monitors the progress of UK renewable electricity projects above 1
MW capacity (including Combined Heat and Power) through the stages of planning,
construction, operation and decommissioning. Records begin in 1990 and are
updated on a monthly basis. The monthly extract from January 2017 was used as the
basis for this analysis, which includes all applications lodged up until the end of 2016
(BEIS, 2017a). To test the community acceptance variables hypothesised to have an
effect on planning decisions for these technologies, indicators were compiled using
data obtained from a variety of sources (see Table 2). The variables were selected
based on the conceptual framework presented in Section 3.3. It should be noted that
community acceptance of onshore wind and solar farms may be affected by other
variables than those included in our analysis. However, some variables are not
possible to analyse across the whole of GB (e.g. place attachment to non-designated
areas that are nonetheless considered scenic by locals), or there is insufficient
geospatial data available to quantify them at this scale. Consequently, some
variables of potential relevance are not included in this paper’s analysis, though

could be included in a similar analysis at a local scale.
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Table 2. ‘Acceptance variables’ used to test the effect of community acceptance on
planning outcomes for onshore wind and solar farms in Great Britain (1990 — 2017)
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3.4.3. Data analysis

To analyse statistical patterns relating to positive and negative outcomes for
planning applications, binomial logistic regression was used. Binomial logistic
regression predicts the probability that an observation falls into one of two
dichotomous categories based on one or more independent variables. This enables
statistical analysis of the relationship between the planning outcome (the
dependent variable) and a range of independent variables which may have had an
influence on this outcome. To produce the required dichotomous dependent
variable, projects were categorised either as ‘positive’, ‘negative’ or ‘unknown’
outcome, based on the ‘Development Status’ provided in the REPD (see Table 3).
Positive outcomes referto cases where a project has been granted consent, whether
or not that project is currently constructed and/or in operation, or whether it actually
will be constructed (given that the variable of interest is the planning decision itself).
Negative outcomes refer to cases where a project has been refused consent, either
by the LPA or central government, including cases where an appeal is withdrawn
after an application has been initially refused. Projects with an ‘unknown outcome’
were excluded as it cannot be known whether they would have been (or will be)
granted or refused consent. Their exclusion, whilst statistically necessary, could
potentially skew results as withdrawn or abandoned projects may correlate with

some level of community resistance, leading to their withdrawal.

Centroids of the planning applications were plotted in a Geographic Information
System (GIS) and values from each of the datasets in Table 2 assigned to them based
on location. Data on the individual configuration of each application are not readily
available i.e. the number and layout of individual turbines and solar panels. For the
benefit of interpretation, the average area of a wind farm in the dataset used in this
analysis is approximately 2.1km. (18.9 MW) and the average area of a solar farm is
approximately o.4km. (8.1 MW), based on the land use estimates for these
technologies recommended by Gove et al. (2016). Where possible, the date of the
planning application was matched to data from as close a prior time point as

possible. Forinstance, land cover data for GB are available for 1990, 2000, 2007 and
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2015. Therefore, planning applications between 1990 and 1999 were assigned the

value recorded in the 1990 dataset; planning applications between 2000 and 2006

were assigned the value recorded in the 2000 dataset, and so forth. In cases where

data did not cover the whole period 1990-2017, linear extrapolation was used to

calculate trends across the full time period of the study. For data on social

deprivation, the Townsend Index score was used as it is calculated from census data

and is therefore comparable over time, unlike other measures of deprivation

(Mitchell and Norman, 2012).

Table 3. Categorisation used for planning applications to create a binary dependent
variable (positive or negative outcome) for use in a binomial logistic regression
analysis. Data obtained from the UK Government’s Renewable Energy Planning
Database (REPD) monthly extract (January 2017). Figures refer to planning
applications in their entirety (not individual wind turbines or solar panels).

Development statuses in the
REPD classified as ‘Positive

Development statuses in the
REPD classified as ‘Negative

Development statuses in the
REPD classified as ‘Unknown

Outcome’ Outcome’ Outcome’
Wind | Solar Wind Solar Wind | Solar
Planning 95 272 Planning 359 185 Planning 81 23
Permission Permission Application
Granted Refused Submitted
Appeal 36 40 Appeal Refused | 170 92 Planning 264 104
Granted Application
Withdrawn
Under 65 60 Appeal 24 4 Appeal 37 21
Construction Withdrawn*** Lodged
Operational | 548 902 Secretary of 14 2 Secretaryof | 4 4
State — Refusal State —
Intervened
Decommissi | 6 o Secretary of 1 o Abandoned | 49 37
oned* State
Planning 6 3 Intervened —
Permission Application
Expired** Refused
Total 756 1277 568 283 435 189

* Decommissioned projects will have had a positive outcome to their planning application in order to

reach this stage of their lifecycle.

** Although this infers that the project will not be built, it was nonetheless granted a positive
planning outcome at the time of application.
*%% For a project to withdraw from appeal, it must have been refused planning consent at least once.
Given that the overall outcome is that the project has received planning refusal at least once, and

cannot receive consent at a later date, this is classed as a negative outcome.
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The administrative geography used in this study is primarily Local Authority District
(LAD), of which there are 407 in GB, as this is the level at which planning decisions
for onshore wind and solar farms are typically made. However, in some instances
data were not available at this level, in which case the smallest spatial scale was used
at which the data were available: either county (of which there are 140 in GB) or
region (of which there are 11 in GB). Since LADs vary in size across GB and in some
cases data were not available at LAD level, the Modifiable Areal Unit Problem
(MAUP) is of relevance (Openshaw, 1984). However, it is not possible to eliminate
the problem of MAUP given the nature of the data availability and analysis
undertaken. We discuss the implications of this for our results in Section 3.6.
Visualisation of the administrative geographies of GB is available in Supporting

Information in Appendix 1 (Figure 26).

Prior to statistical analysis, data were tested to ensure they complied with the
assumptions of binomial logistic regression. All continuous independent variables
were found to be linearly related to the logit of the dependent variable by using the
Box-Tidwell (1962) procedure and a Bonferroni correction (Tabachnick and Fidell,
2014). Multicollinearity between independent variables was measured by the
variance inflation factor (VIF), and coefficients with a VIF greater than 2.5 were
removed (Midi et al., 2010) (see Table 2). Outliers were tested using studentized
residuals, and cases with a value of 2.5 standard deviations or greater were removed.
This resulted in 26 variables (the indicators in Table 2) and 1306 cases included in the
wind model, and 24 variables and 1554 cases included in the solar model. Full models
were constructed as the variables are based on a conceptual framework which the
authors seek to test through this analysis, rather than aiming for a parsimonious

predictive model.
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3.5. Results

Plotting the centroids of planning applications from the REPD shows that between
1990 and 2017 there was a concentration of applications for solar farms in the South
West of England and Southern Wales, thinning out substantially in more Northerly
regions where the solar energy resource is less reliable (see Figure 9). There was also
a cluster of solar farm applications in Eastern Scotland, which receives relatively high
amounts of solar radiation compared to other Scottish regions (STA, 2016).
Applications for onshore wind were more diffuse without a clear spatial pattern (see
Figure 8). Figures g and 10 indicate potentially different geographies for successful
and unsuccessful planning applications for these two technologies, although

without a clear spatial pattern to differentiate them.

The logistic regression model for onshore wind applications explained 26%
(Nagelkerke R-) of the variance in planning outcomes, and correctly classified 69%
of cases. The model for solar farm applications explained 13% (Nagelkerke R:) of the
variance in planning outcomes, and correctly classified 82% of cases. The greater
Percentage Accuracy in Classification (PAC) for solar farms, despite the lower
Nagelkerke Rz, is explained by the fact that there was less variation in planning
outcomes for solar farm planning applications (81% of solar farm applications
achieved a positive outcome between 1990 and 2017, compared to 57% of onshore
wind applications). Therefore, overall the independent variables included in the
model(s) were better able to explain planning outcomes for onshore wind than for
solar farms, despite correctly predicting the dependent variable more frequently for

solar farms.

The logistic regression models for both technologies were statistically significant (p
< 0.001). In terms of the independent variables, 8 of the 26 variables included in the
onshore wind model were statistically significant (see Table 4) and 8 of the 24
variables included in the solar model were statistically significant (see Table 5). For
onshore wind, the significant variables were distance to National Parks, remoteness,

visibility of modern artefacts and structures, installed capacity, turbine capacity,
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Townsend Index score of the LAD, the year of the planning application, and
population density of the LAD. For solar farms, the significant variables were
ruggedness, visibility of modern artefacts and structures, distance to Special Areas
of Conservation (SACs), grade of agricultural land, tourist visits to the county,
installed capacity, Townsend Index score of the LAD, and the year of the planning

application.

The effect of these variables on the likelihood of a planning application having a
positive outcome is indicated by the Odds Ratio (OR). If the OR is greater than 1, the
odds of a positive planning outcome occurring increase by this amount per one unit
change (of a continuous variable); if the OR is less than 1, the odds of a positive
planning outcome decrease by this amount per one unit change (of a continuous
variable). For categorical variables, each category is compared to a baseline (i.e.
reference) category. For example, categorical grades of agricultural land are
compared to the highest grade of agricultural land: the OR increases if the grade
being tested is more likely to result in a positive planning outcome than the reference

category, and decreases if it is less likely to result in this than the reference category.
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Table 4. Statistically significant variables associated with positive planning
outcomes for onshore wind planning applications (p <= 0.05)

Category of variable Acceptance Indicator used p Odds 95% Cl for Odds
variable for variable Ratio Ratio
Lower Upper
Material Aesthetic Impact on scenic Distance to 0.000 | 1.009 1.005 1.014
arguments recreation National Parks
(km)
Impact on Remoteness 0.025 | 1.017 1.002 1.032
‘wildness’ score (1-256)
Visibility of 0.000 | 1.017 1.014 1.021
modern artefacts
and structures
score (1-256)
Project details Project size Installed capacity | 0.031 | 0.996 0.992 1.000
(MW)
Turbine capacity 0.000 | 1.476 1.252 1.739
(MW)
Attitudinal/social | Demographic Social Townsend Index 0.042 | 0.894 0.802 0.996
influences deprivation score (LAD)
Temporal Exposure to Year of planning 0.001 | 0.934 0.899 0.971
renewable application
energy
infrastructure
Geographical Geographical Population 0.002 | 1.080 1.030 1.132
location density (LAD)

Table 5. Statistically significant variables associated with
outcomes for solar farm planning applications (p <= 0.05)

positive planning

Category of variable Acceptance Indicator used for p Odds 95% Cl for
variable variable Ratio Odds Ratio
Lower | Upper
Material Aesthetic Impact on Ruggedness score (1-256) 0.000 | 0.859 | 0.802 0.921
arguments ‘wildness’
Visibility of modern 0.018 | 1.006 | 1.001 1.010
artefacts and structures
score (1-256)
Environmental | Impacton Distance to SACs (km) 0.040 | 0.979 | 0.958 0.999
biodiversity
conservation
Economic Impact on Grade of 2 0.037 | 2.127 | 1.048 4.315
agricultural agricultural | 3 0.003 | 2.773 | 1.429 5.380
production land 4 0.025 | 2.360 | 1.116 4.993
5 0.180 | 2.571 | 0.646 10.234
6 (non- 0.004 | 4.492 | 1.633 12.357
agricultural)
(base =1 i.e. highest grade)
Impact on No. tourist visits (county) 0.021 | 0.999 | 0.999 1.000
tourism
Project details | Projectsize Installed capacity (MW) 0.009 | 0.978 | 0.962 | 0.994
Attitudinal/social | Demographic Social Townsend Index score 0.031 | 1154 | 1.013 1.314
influences deprivation (LAD)
Temporal Exposure to Year of planning 0.000 | 0.785 | 0.690 0.892
renewable application
energy
infrastructure
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3.6. Discussion

3.6.1. The role of community acceptance variables in planning outcomes

Our analysis reveals that variables relating to community acceptance are associated
with planning outcomes for onshore wind and solar farms in a statistically significant
way. More variables in the ‘material arguments’ category were significant than those
in the ‘attitudinal/social influences’ category across both technologies, particularly
aesthetic variables. This indicates that aesthetics and visual impacts are strongly
associated with planning outcomes for both onshore wind and solar farms, which is
in line with much of the existing literature on public acceptance of these
technologies (e.g. Pasqualetti et al., 2002; Scognamiglio, 2016; Wolsink, 2000).
Variables from seven of the eight sub-categories in our conceptual framework
(Figure 7) were identified as significant (aesthetic, environmental, economic, project
details, demographic, temporal, and geographical). However, no political variables
were found to be significant for either of the technologies. Common significant
variables (visibility of modern artefacts and structures, installed capacity, Townsend
Index score, and the year of the planning application) suggest that the project's
visual impact, installed capacity, the social deprivation of the local area, and the time
of application are important in terms of planning outcome for both onshore wind

and solar farms.

In terms of aesthetic variables, a unit increase in the visibility score (i.e. the score
representing the proportion of the viewshed taken up by modern infrastructure such
as buildings, roads and pylons) had a positive effect on the likelihood of both
technologies achieving planning success. In other words, the less that the project
represented a ‘new’ visual addition to the landscape, the more likely it was to be
approved. This effect was stronger for onshore wind, but also applied weakly to solar
farms. For onshore wind, a unit increase in the visibility score increased the
likelihood by 1.7%, and for solar farms 0.6%. This finding is in line with other
environmental planning literature which identifies the presence of ‘hazard havens'’

(Blowers, 1993), whereby developments become concentrated within specific areas
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as it becomes easier to gain planning consent if located near to other similar
developments. Similarly, our results suggest that for onshore wind, greater
distances from National Parks (which have strict planning regulations relating to
visual impacts) increased the likelihood of planning success by 0.9% per km. This
suggests that in terms of distributional justice, the visual impacts of onshore wind

and solar farms have been concentrated within specific localities of GB.

However, this assumes the visual presence of onshore wind and solar farms to be a
‘cost’ or ‘burden’, which it is arguably not in the sense of other environmental ills
framed in distributional justice terms, such as exposure to hazardous wastes or
pollutants which have known health impacts. There is limited evidence that onshore
wind and solar farms cause detrimental health effects, though some studies have
highlighted irritations such as the noise of wind turbines (e.g. Krogh, 2011). Whilst
for some people the cultural ES provided by scenic environments are spoilt by the
introduction of onshore wind and solar farms, for other the addition of wind turbines
has been noted as an aesthetic addition to the landscape (Ellis et al., 2007). This
highlights the difficulty of quantifying costs and benefits when socio-cultural
preferences are involved. Furthermore, deployment of onshore wind and solar farms
can in some cases supply benefits to host communities through community benefit
packages, to land-owners through land rental agreements or through sales of
electricity to the grid, and to local authorities through the accruement of business
rates (Burke, 2015; Smith, 2016). Thus, it is not clear-cut as to whether they are
ultimately a cost or a benefit to host communities, and indeed the answer is often

highly subjective.

In terms of other aesthetic variables, an increased remoteness score had a positive
effect on the likelihood of planning approval for onshore wind, by 1.7% per unit
increase. This indicates that despite being more likely to be approved if nearby to
other modern infrastructure, it is also more likely to be approved in remote
locations, perhaps because remote projects have fewer objections from local
communities. An increased ruggedness score decreased the likelihood of planning

approval for solar farms by 14.4% per unit increase. However, rather than as a result
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of aesthetic considerations, this is more likely explained by terrain suitability and
accessibility reasons, given that solar farms require relatively level terrain for
deployment and access roads for construction. This indicates that aesthetic
considerations are more important for onshore wind, given that it has a more

prominent visual signature.

Environmental variables were found to be significant for solar farms, though not for
onshore wind. Our hypothesis was that concerns around biodiversity and natural
habitats would mean that there would be stronger community objections to projects
proposed close to protected areas. Counter to this hypothesis however, proximity
to SACs (protected areas designated under the EU Habitats Directive) had a positive
effect on the likelihood of planning consent for solar farms (applications were 2.1%
less likely to be approved every 1km further away they were from an SAC). This may
be explained by the suitability of solar farms to rural and semi-rural areas, which are
more likely to host protected habitats. The lack of significant findings around other
indicators of biodiversity conservation may be due to the fact that protected areas
were used as an indicator rather than species distribution, given poor data

availability for the latter. This topic would benefit from further research.

Regarding economic variables, the grade of agricultural land had a significant effect
on solar farm applications: when compared to the highest grade, proposals made on
lower grades of land are between 2.1-2.8 times more likely to gain planning consent,
and proposals made on non-agricultural land are 4.5 times more likely. This suggests
that impacts on agricultural production are being taken into account in decision-
making, and solar farms on non-agricultural land are regarded as more acceptable.
These findings show that conflicts are arising between land uses in GB, with existing
norms around the provision of ES such as biodiversity protection and agricultural
production coming into conflict with RE production, and potentially influencing the
acceptability of RE technologies as a result. Increased numbers of tourists staying in
the county for one or more night was associated with decreased likelihood of a
positive planning outcome for solar farms. This is potentially explained by the

concerns around their negative impact on tourism and scenic recreation, or perhaps
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simply because sunny places attract more tourists and are also more suitable for
solar farm development. This effect (whilst statistically significant) was quite weak,
with the likelihood of planning approval decreasing by 0.001% per additional tourist

visit to the county.

Notably, the results regarding economic variables overlap with demographic
variables, given that percentage of home ownership is one of the variables included
in the Townsend Index of deprivation. Interestingly, although the Townsend Index
score of the LAD was identified as significant for both onshore wind and solar farms,
opposite trends were identified across the two technologies: a unit increase in the
Townsend score decreased the likelihood of planning approval for onshore wind by
approximately 10.6%, whilst it increased the likelihood of planning approval for solar
farms by approximately 15.4%. In other words, the more deprived the local area, the
less likely it was for onshore wind applications to be approved, whilst the more likely

it was for solar farm applications to be approved.

One interpretation of the trends around social deprivation is that areas with higher
social capital are more successful at opposing unwanted developments because
they have greater capacity to engage in official planning process processes
(Anderson, 2013; Rydin and Pennington, 2000). If this is assumed to be true, these
results would infer that solar farm projects are more of an unwanted land use than
onshore wind farms, given that solar farm applications are more likely to be refused
in the wealthiest areas, yet onshore wind farm applications are more likely to be
accepted. An important implication of these results is that the costs and benefits of
onshore wind and solar farm deployment in GB do not appear to be evenly
distributed across social groups, with consequences for distributional justice. They
also have implications for procedural and recognition justice as they indicate that
affluent communities are better represented in official planning processes around
RE than less affluent communities, meaning that developments are becoming
concentrated in deprived areas as a result. Another possible explanation for these
trends is that, as that ‘(ex-)mining or (ex-)industrial communities understand that

electricity does not come “out of the light switch” but has to be produced in a plant
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somewhere’ (van der Horst, 2007), meaning that people in deprived communities
(often overlapping with ex-mining and ex-industrial areas) are more accepting of

energy generation than wealthy communities.

In terms of the characteristics of individual projects, a number of inferences can be
made from our results with regards to community acceptance. A unit increase in
installed capacity, measured in megawatts (MW), had a negative effect on the
likelihood of achieving planning consent for both technologies. For onshore wind,
an increase of 1 MW capacity decreased the likelihood of a positive outcome by
0.04%; for solar farms, approximately 2.2% per MW. This suggests that smaller
onshore wind and solar farm projects are regarded as more acceptable by
communities and decision-makers. However, it should be noted that installed
capacity does not have a linear relationship with the overall size of a project, given
that advances in technology mean that more recent projects may achieve the same
capacity (in MW) with fewer individual turbines or solar panels. The installed
capacity of a project should, therefore, only be interpreted as an indication of the
overall project size (i.e. the larger the MW the larger the size of the project).
Importantly, the capacity of individual wind turbines had a positive effect: for each 1
MW increase in turbine capacity, the likelihood of a positive planning outcome
increased by 1.5 times. This suggests that small onshore wind projects with fewer

larger turbines are preferable.

In terms of the time at which the planning application is made, each successive year
decreased the likelihood of planning success by 6.6% for onshore wind and 21.5%
for solar farms. This indicates that rather than becoming more acceptable overtime,
perhaps a ‘saturation effect’ is approached. It appears to be more difficult to achieve
a positive planning outcome, perhaps due to cumulative impacts and/or perhaps
because ‘easy win’ sites have been used up. Notably, this saturation effect is
developing more rapidly for solar farms than it has done for onshore wind: the first
application for an onshore wind project in the REPD is in January 1991, whilst the
first application for a solar farm project is in December 2010. These findings are

counter to our hypothesis that community acceptance (and, in turn, planning
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acceptance) would become easier over time as the public became acclimatised to
RE infrastructure, in contrast to studies which found that attitudes improved with
exposure through time (e.g. Warren et al., 2005). However, it could be that
community acceptance has increased as a result of exposure, but a lack of remaining
suitable sites prevented later applications from being successful. Other drivers could
also be at play, such as policy changes or the availability of subsidies, which warrant

further study.

Finally, the geographical variable of population density was found to be significant
for onshore wind. Interestingly, increased population densities were associated with
higher likelihood of approval for onshore wind by 8% per unit increase. This
contrasts with the finding that increased remoteness also improves the likelihood of
onshore wind planning success, suggesting that whilst wind farms are more likely to
be located in semi-remote areas they are not likely to be located in the most remote
areas, presumably due to access and other technical considerations such as
connection to the electricity grid. Notably, the country in which the application was
made (England, Scotland or Wales) was not found to be statistically significant in
explaining planning outcomes, suggesting similar patterns of planning outcome in
these different parts of GB. Additionally, the political party in control of the LPA was
not found to be significant, suggesting that decision-making and community
acceptance is more strongly influenced by the other variables analysed in this study
than by political factors. This is somewhat surprising as other studies (e.g. Bidwell,
2013) found political values to be important in explaining public support for wind
energy. However, when considered alongside the fact that material arguments are
found to be more significant than attitudinal/social influences, this indicates that
planning decisions cannot be easily swayed by local political values if material

arguments aren’t also present.

There are limitations to the confidence with which these results can be interpreted
as the effect of community acceptance, given that other stakeholders such as NGOs,
pressure groups or statutory agencies may feed in similar concerns to the planning

process. Planning decisions by LPAs can also be affected by other criteria such as
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planning regulation, local plans (which set priorities for LADs), or precedent (i.e. by
planning decisions made previously with relevance to the current decision). Thus,
there is potential collinearity between community acceptance and these other
influences on decision-making, which cannot be accounted for in this type of large-
scale analysis. Differentiation between such influences requires further in-depth
research at a more localised case study level. Importantly, the MAUP means that the
results are only applicable for the geographies used in this analysis. Whilst LADs are
an appropriate geography, not all variables used in our analysis are available at this
scale. More disaggregated data, such as locations of individuals commenting
positively or negatively on renewable energy planning proposals, could be a useful

extension to the modelling.

3.6.2. Public acceptance and energy justice

A key question raised by this analysis is the relationship between community
acceptance (and public acceptance more broadly defined) and energy justice.
Whether RE developments such as onshore wind and solar farms are regarded as a
cost or a benefit to host communities is highly subjective. Thus, it is extremely
difficult to measure whether a project is ‘accepted’ by a community or not. It could
be argued that communities are able to express their acceptance or non-acceptance
through participation in the planning system, yet as shown by this and other studies
(e.g. Liljenfeldt and Pettersson, 2017; van der Horst and Toke, 2010), applications
are more likely to be approved in areas which are known to be systematically under-
represented in formal planning processes. Therefore, improved procedures to better
distribute the costs and benefits of low carbon transitions are urgently needed,
including incorporating lesser heard voices. Community benefit schemes can also
play an important role in distributing the costs and benefits of low carbon
transitions, as well as remedying ‘injustices’ (actual or perceived) in RE deployment

and improving public acceptance at multiple levels.

As Wistenhagen et al. (2007) argue, there are multiple ways to gauge ‘acceptance’:

at the community level (e.g. through participation in planning processes), the socio-
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political level (e.g. through opinion polls), or at the market level (e.g. through
adoption of a technology). This raises a challenge for policymakers in terms of
incorporating public acceptance into energy policy, as well as normative questions
around whether these measures should be considered when formulating policy or if
other criteria such as climate mitigation or energy security should override citizens'
preferences. In Europe, a significant and positive effect on the rate of RE policy
outputs has been found in relation to public opinion on prioritising the environment
(Anderson et al., 2017). This suggests that socio-political acceptance has been an
important factor in shaping energy policy in many European countries. However,
support for onshore wind and solar in the UK (in the form of financial subsidies,
favourable planning regulation and political rhetoric) has been withdrawn despite
receiving consistently high scores in the UK PAT, with the government instead
supporting nuclear power and fracking, both of which have received consistently low
scores (Barnham, 2017). This indicates that although UK communities may be
having some effects on local decisions (as demonstrated by our results), the overall

policymaking process is being driven by priorities other than public acceptance.

As Siegrist et al. (2014) argue, a comprehensive debate of the trade-offs associated
with various energy pathways is a vital aspect of designing an ‘appropriate’ energy
mix, so that public awareness is raised about how protected values (such as
landscape values) may need to be re-evaluated in the transition to a low carbon
energy system. However, there is also a need to facilitate public input to the
policymaking process in order to make it more deliberative, which social science
research suggests can help to increase overall acceptance of decisions (Stevenson
and Dryzek, 2012). This may also go some way to overcoming negative public
perceptions of distributional and procedural justice by improving understanding of
the challenges and trade-offs inherent to the low carbon transition, which has in
itself been found to have a positive effect on social acceptance of the energy policies
and projects necessary to meet the highly complex challenge of decarbonisation

(Tabi and Wistenhagen, 2017).
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3.7. Conclusion

This paper investigates the effect of community acceptance on planning
applications for onshore wind and planning applications for solar farms in GB
between 1990 and 2017. Our approach is novel as there has been limited large-scale
analysis of community acceptance of RE technologies, with the few existing
empirical studies predominantly focusing on case studies at lower spatial scales. In
particular, research on solar farms is significantly lacking in the existing literature.
From the public acceptance and environmental planning literature, we construct a
novel conceptual framework comprising a set of variables which influence
community acceptance of onshore wind and solar farms. Twelve of these variables
were identified as statistically significant: four for onshore wind, four for solar farms,
and four spanning both. This indicates that different factors influence community
acceptance of each technology and their respective planning decision-making
processes, although visibility, installed capacity, social deprivation and year of

planning application were found in common.

The results of this study have a range of implications for community acceptance and
energy justice. Firstly, the findings around social deprivation suggest that solar farm
projects are more likely to be sited in deprived areas, whilst onshore wind farms are
more likely to be sited in wealthier areas. Although the issue of whether these
technologies represent a cost or benefit remains a matter of debate, their uneven
distribution across the country has implications for distributional, procedural and
recognition justice. Secondly, our findings suggest that aesthetic variables are
particularly important in explaining planning outcomes, demonstrating the need for
increased public awareness of the range of options and trade-offs involved in future
energy pathways so that visual preferences are formulated and balanced within the
context of wider energy system change. Finally, the paper also raises the question
of whether public acceptance should be a core principle of energy justice. Whilst
acceptance can be difficult to measure, its integration into energy decision-making

should be considered more closely to achieve a low carbon transition underpinned

88



by fairness and equity. The authors recommend further critical and ethical

consideration of this important question within energy justice scholarship.
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for taste? Analysing diverging public support for energy sources in Great Britain.

Energy Research and Social Science, 56, 101226.

4.1 Abstract

Public acceptance of energy technologies is an important area of energy and social
science research. However, few studies utilise large datasets which include spatial
and temporal dimensions, as well as the demographic and attitudinal characteristics
of survey respondents. In this paper, we analyse twenty-five waves of the UK
Government's PAT: a large, nationally representative dataset spanning six years
(2012 — 2018). This enables unique insights into trends in public acceptance across
time, space and social groups, covering eight energy sources. We find differing
profiles in terms of who supports which types of energy, with a key division between
support for RE technologies on the one hand, and nuclear and fracking on the other.
We also identify a growing gap between public and policymakers’ attitudes to
energy technologies which we argue must be bridged to ensure a smooth rapid

transition that is acceptable to all.

4.2 Introduction

Given the widespread risks presented by climate change (IPCC, 2018), there is an
imperative to transition from fossil fuels to low carbon energy sources. It is
recognised that public acceptance is important for the effective implementation of
energy policies and technologies (Anderson et al., 2017; Stokes and Warshaw, 2017),
and, conversely, a lack of public acceptance can act as a barrier to their uptake
(Pasqualetti, 2011; Wolsink, 2018). Public acceptance of energy sources, and how
this can be explained, has thus become a prominent topic for energy social scientists

in recent years (Devine-Wright et al., 2017; Gaede and Rowlands, 2018).
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Against this backdrop, several research organisations and government bodies have
started to measure public attitudes towards energy sources. Examples include the
Eurobarometer (in the EU); the Afrobarometer (a pan-African series of attitudinal
surveys); and the UK Government’'s PAT. The PAT was established in 2012 to
‘understand and monitor’ public attitudes towards energy and climate change (BEIS,
2018). Surveys such as these provide rich datasets for exploring the underlying
patterns behind support and opposition to energy sources across societies.
However, there has been limited use of such datasets in energy and social science

research to date.

Early studies of public acceptance of energy sources and technologies used broad
quantitative approaches such as opinion polls, capturing a ‘snap-shot’ of general
trends and concerns at national or sub-national scales (Devine-Wright, 2007). More
recently, there has been a shift to case-study based research methods to gain deeper
insights into rationales behind public responses to energy sources and specific
projects (e.g. Bailey etal., 2011; Venables et al., 2012; Whitmarsh et al., 2015; Wilson
and Dyke, 2016). These studies indicate that a variety of factors shape public
acceptance of energy sources and projects at local scales, including visual impacts,

economic benefits, demographic characteristics, and environmental attitudes.

However, the localised geographic scales of such case-based studies limits wider
understanding of broader national trends, and subsequent relevance to national
policy. Thus, as countries progress further into their implementation of low carbon
transition plans, it becomes valuable to utilise the large-scale datasets that have
been gathered over time, and to apply more advanced quantitative techniques to
identify what shapes public support for energy sources at a national scale. This type
of analysis is valuable to researchers and policymakers alike who are interested in

energy policy and technology implementation across time, space and social groups.
In this paper, we develop and test five hypotheses to understand which variables

explain public support for a range of energy sources at the national level. Our

hypotheses are informed by the conceptual framework proposed by Roddis et al.
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(2018), in which they identify eight categories relating to community acceptance of
RE projects: aesthetic, geographical, temporal, demographic, political, economic,
environmental, and project details. We apply this framework to consider socio-
political acceptance i.e. support for energy sources or policies at a general level,
typically gauged by large-scale surveys (Wistenhagen et al., 2007). Community
acceptance, on the other hand, refers to the ‘specific acceptance of siting decisions
and renewable energy projects by local stakeholders’ (WUstenhagen et al., 2007,
p2685). We therefore exclude the ‘project details’ category as it describes variables
relating to the acceptance of individual energy projects, rather than support for

energy sources at the socio-political level i.e. general attitudes.

Whilst some existing studies do explore factors shaping socio-political acceptance
of energy sources (e.g. Bertsch et al., 2017; Ribeiro et al., 2018), there are a lack of
studies investigating this topic using large-scale datasets that include spatial and
temporal dimensions, as well as the demographic and attitudinal characteristics of
respondents. This paper contributes to this research gap by analysing twenty-five
‘waves' (i.e. quarterly surveys) of the UK PAT: a large, nationally representative
dataset spanning from July 2012 to April 2018 (n = 52,525). Data on the location of
respondents were made available to the authors at the regional level, enabling
unique geographical insights into this dataset. We cover eight energy sources: RE (in
general), onshore wind, biomass, offshore wind, wave/tidal, solar, nuclear, and
fracking. Given that much of the existing public acceptance literature focuses on
wind energy (Fast, 2013; Gaede and Rowlands, 2018), our study thus contributes

timely evidence from across the energy technology spectrum.

4.2.1. Research hypotheses

A key debate in the literature on public acceptance of energy sources is on the effect
of familiarity on people’s attitudes. It has traditionally been assumed, particularly
outside of academic debates, that opposition can be explained by NIMBYism (van
der Horst, 2007). This assumes that although people may support an energy source

in principle (socio-political acceptance), they are opposed to hosting projects in their
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local area (community acceptance). However, the concept of NIMBYism has been
widely critiqued (e.g. Wolsink, 2000) and there is limited empirical evidence to
support it. Whilst some studies find substantiating evidence for NIMBY attitudes
(e.g. Swofford and Slattery, 2010), many studies find that living close to energy
projects, and thus having increased familiarity with that energy source, actually
increases general support (e.g. Michaud et al., 2008; Venables et al., 2012; Warren
et al., 2005). This has been dubbed the ‘inverse NIMBY’ syndrome by energy social

science researchers (Warren et al., 2005).

We are interested in whether increased familiarity with energy technologies and
sources is linked to public attitudes, and what this means for NIMBY or inverse
NIMBY theories. Our first hypothesis is therefore that support for energy sources is
associated with people’s familiarity with that technology, estimated through visual
exposure, geographical location of the respondent (urban/rural), and exposure over
time. This falls into the aesthetic, geographical and temporal categories of the
Roddis et al. (2018) framework, given that familiarity is primarily a function of visual
exposure, which is in turn influenced by spatial location of the respondent and the

relevant energy infrastructure, as well as exposure over time.

Our second hypothesis relates to the effect of demographic characteristics on
support for energy sources, belonging to the demographic category of the Roddis et
al. (2018) framework. Several studies have found sociodemographic characteristics
such as age, gender and social class to be important predictors of attitudes to energy
sources. In general, research suggests that younger people and women are more
likely to support RE (Bishop and Miller, 2007; Ladenburg and Dubgaard, 2007;
Ladenburg et al., 2013; van Rijnsoever et al., 2015), whilst older people and men are
more likely to support nuclear and fracking (Boudet et al., 2014; Corner et al., 2011;
Whitmarsh et al., 2015). However, there is some disagreement in the literature in
terms of gender effects (Bertsch et al., 2017). Higher social classes have been found
to be associated with greater support for renewable energy, nuclear and
hydrocarbons (Corner et al., 2011; Devine-Wright, 2007; Whitmarsh et al., 2015). We

will use the PAT dataset to test the hypothesis that sociodemographic
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characteristics can predict socio-political acceptance of energy sources and explore

to what extent this matters over other variables.

A number of studies highlight the role of political values in accounting for public
acceptance of RE sources (e.g. Apostol et al., 2016; Ek, 2005; Warren and Birnie,
2009). However, there is relatively little empirical evidence for this. A key exception
is David Bidwell (2013), who finds that support for wind energy is strongly linked to
traditional values as opposed to altruistic values. He therefore suggests that
opposition to wind energy is ‘fueled by conservativism’ (p197), rather than by local
concerns as suggested by NIMBY theories. Klick and Smith (2010), on the other
hand, find no correlation between political party affiliation and support for wind
energy. Other studies find that conservative political ideology is associated with
greater support for nuclear power and hydrocarbons (e.g. Michaud et al., 2008;
Whitfield et al., 2009). Our third hypothesis is therefore on the effect of political
orientation on support for energy sources, which falls into the political category of
the Roddis et al. (2018) framework. We predict that people living in more politically
conservative regions (i.e. regions with greater numbers of parliamentary
constituencies represented by the UK’s Conservative Party) are less likely to support

RE sources, and more likely to support nuclear and fracking.

A relatively under-studied aspect of public acceptance is the effect of employment
in the energy sector on support for energy sources, belonging to the economic
category of the Roddis et al. (2018) framework. If there is high employment in a
particular energy sector within a geographical region (e.g. offshore oil and gas in
North East Scotland), we might reasonably assume that people who live in that
region are more likely to support that type of energy source due to the increased
likelihood of affiliation(s) to that energy sector, such as direct employment or
employment of a family member or friend. Jones et al. (2011) include this as a
variable when investigating onshore wind in Northern England, but do not find it to
be a significant predictor of support. However, qualitative research on wind, solar
and biodiesel in Spain finds that local employment opportunities enhanced public

support for these energy sources in some circumstances (del Rio and Burguillo,
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2009). Our fourth hypothesis is therefore that support for energy sources is

positively associated with regional employment in the related energy sector.

Finally, given the significant role of energy generation in contributing to GHG
emissions, we intuitively expect concern about climate change to contribute to
socio-political acceptance of energy sources. Our fifth hypothesis therefore relates
to beliefs about climate change on support for energy sources, falling into the
environmental category of the Roddis et al. (2018) framework. Given their differing
carbon emission profiles, we predict that people with higher concern for climate
change are more likely to support RE sources and less likely to support fracking (i.e.
hydraulic fracturing to extract shale gas, a type of fossil fuel). In terms of nuclear
power, in line with other studies (e.g. Hansla et al., 2008; Spence et al., 2010) we
predict that people with higher climate concern are less likely to support nuclear,
despite it having lower carbon emissions than fossil fuels, due to wider

environmental and ethical concerns such as radioactive waste disposal.

4.3. Materials and methods

4.3.1. The PAT dataset

The PAT is a quarterly survey of UK residents (aged 16+) established by the UK
Government in 2012. Topics covered include energy bills, energy security, energy
technologies, and energy saving.. Each wave of the survey contains approximately
2,100 observations. Data is collected using face-to-face in-home interviews,
conducted by computer assisted personal interviewing. A central set of questions is
asked annually and a subset of questions is asked quarterly where attitudes are
subject to greater variability e.qg. if they may vary between seasons (DECC, 2014).
The survey uses a random sampling quota method, in which respondents are drawn
from a small set of homogenous streets in sample areas. Sample areas are selected

by their similar population sizes identified through UK census small area statistics,

> The content of the PAT was changed in August 2018 (Wave 26 onwards) to reflect the expanded
remit of BEIS following the merger between the Department for Business, Innovation and Skills (BIS)
and the Department for Energy and Climate Change (DECC) in July 2016.
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and sampling points must be contained within a single UK region.; Quotas are set in
terms of characteristics known to influence the likelihood of being at home in order
to minimise sampling bias (DECC, 2014). Different sampling points are used for each
wave of the survey i.e. the same participants are not returned to in each wave, as

they would be if the data collection was following a longitudinal design.

PAT data are available on the website of the UK Department of Business, Energy
and Industrial Strategy (BEIS). Our analysis includes all waves up to and including
Wave 25, spanning the period July 2012 to April 2018. Sociodemographic data is
collected for all survey respondents, including age group, gender, working status,
tenure, social grade, household income, and area type (urban/rural). The region
where the respondents were sampled from was obtained by permission of BEIS
under the UK ONS Accredited Researcher Scheme. Whilst this allows for spatial
analysis of the data, it should be noted that UK regions are relatively large
geographical areas meaning the granularity of the spatial analysis is quite low.
Despite this limitation, the dataset is one of the most extensive of its kind containing
geographical data, meaning it is uniquely placed to offer spatial insights into support

for energy sources, as well as how other variables are associated with support.

The PAT measures attitudes to energy sources on a five-point scale, ranging from
‘Strongly support’ to ‘Strongly oppose’. It also allows a ‘Don’t know’ response. To
avoid small sample sizes, which could potentially compromise the confidentiality of
respondents, we collapsed these categories into three levels: Support (including
‘Support’ and ‘Strongly support’), Neutral (including ‘Neither support or oppose’)
and Oppose (including ‘Oppose’ and 'Strongly oppose’). Reducing the responses
from a five-point to a three-point scale, whilst necessary to avoid breaching
stringent confidentiality rules of the ONS, meant that some nuance was lost in terms
of predicting the likelihood of strong feelings of support or opposition. Reducing

categories was also necessary to create a ‘balanced’ dataset (see Section 4.3.2).

3 There are 12 UK regions (formerly known as Government Office Regions in England): North East,
North West, Yorkshire and Humber, East Midlands, West Midlands, Eastern England, London, South
East, South West, Wales, Scotland and Northern Ireland. The latter three are not Government Office
Regions but are used by this study (and other studies) as equivalents.
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PAT respondents who answered ‘Don’t know’ were excluded from the analysis of
that energy source as this does not provide relevant insights for our hypotheses.
Respondents from Northern Ireland were also excluded from our analysis as low
sample sizes from this region could again compromise confidentiality. The extent of
the analysis is therefore GB (i.e. England, Scotland, and Wales). Not all waves of the
PAT survey asked the questions relevant to our analysis, meaning our sample size
varies between the energy sources (Table 6 shows sample sizes for each energy

source and original wording of the questions in the PAT questionnaire).

Table 6. Number of waves (quarterly surveys) of the UK Government’s Energy and
Climate Change Public Attitudes Tracker between July 2012 and April 2018 (Waves
1 - 25) asking relevant questions to this study; sample sizes for each question; and
original wording of the questions.

Q3. Q13a. Q13b. Qi3c. Qa3d. Q13e. Qisa. Qisb.
Renewable Onshore | Biomass | Offshore Wave / Solar Nuclear | Fracking
energy wind wind Tidal
No. 25 19 19 19 19 19 23 18*
waves
Total 52,525 39,859 39,859 39,859 39,859 | 39,859 | 48,304 37,801
Original | Doyou Generally speaking, do you support or oppose the use of From From
wording | support or the following renewable energy developments: what what you
in PAT | opposethe | a)On-shore wind you know, or
use of b) Biomass — this includes any plant or animal base know, have
renewable material such as wood, specially grown energy crops, and | orhave | heard
energy for other organic wastes that can be used in the process of heard about,
providing creating energy about extracting
our ¢) Off-shore wind using shale gas
electricity, d) Wave and tidal nuclear | to
fuel and e) Solar energy | generate
heat? for the UK’s
generat | heatand
-ing electricity
electric- | , doyou
ity in support or
the UK, | oppose its
do you use?
support
or
oppose
its use?
* The PAT first asked question 15b in 2014; all other questions relevant to this study were asked since 2012.

4.3.2. Data analysis

Our analytical approach falls into the ‘data analysis and statistics’ category of

research method for energy social science, as classified by Sovacool et al. (2018). To
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begin, we mapped the spatial variation in support for energy sources across GB in
order to visualise the PAT dataset. To do this, we calculated the mean percentage
of support for each of the eight energy sources in our study between April 2012 and
July 2018 for the whole of GB. We then calculated the average difference from this
mean in each of the geographical regions of the study area. To display this
information, we created eight choropleth maps sharing the same colour ramp so
that the difference between overall levels of support for energy sources was
immediately clear (Figure 11). We then labelled each region with the difference from
the mean of GB to show whether support in that region was higher or lower than the

average, and to show the variance between regions.

We ran Mann-Kendall (MK) tests on annual time series of support between 2012 and
2018 (i.e. the percentage of PAT respondents answering support or strongly support
for the energy source in each year) to identify whether there was a statistically
significant monotonic trend, either increasing or decreasing. We chose to use MK
tests as they are non-parametric, which is appropriate due to the limited number of
data points when the data was disaggregated by year, meaning that normal
distribution of the data cannot be confidently determined (Bonett and Wright,
2000). We added a time series plot to each of the choropleth maps to show how
support for each energy source changed over the study period, and whether the
trend was statistically significant at the 5% level. The spatial and time series analysis
(as well as the regression analysis described below) was carried out using weighted
data, applying the weighting provided by BEIS which is designed to make the data
representative of the entire UK adult population (DECC, 2014).

To directly address our research hypotheses (Section 4.2.1), we used ordinal logistic
regression (henceforth referred to as ordinal regression). Ordinal regression is a type
of statistical analysis which assesses the relationship between an ordinal dependent
variable, such as a Likert scale, and one or more independent variables. The type of
ordinal regression used in this analysis is a generalised ordered logit model with
partial proportional odds. Unlike the more common proportional odds model, this

type of model does not assume that the effect (i.e. slope coefficient) of each
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independent variable is the same across all categories of the dependent variable
(Williams, 2016). Instead, it tests the assumption of proportionality for each
independent variable: for those which meet the assumption, a single slope
coefficient is estimated; for those which do not, separate slope coefficients are
estimated for each cumulative dichotomous categorisation of the response variable.
We chose this type of model as diagnostic tests (following Bell and Dexter, 2000;
O’Connell et al., 2008) showed that the assumption of proportional odds was not
met by our data in many cases. The models were run in Stata 14 using the user-

written program gologit2 (Williams, 2006).

A regression model was calculated for each of the eight energy sources in the study:
RE (in general), onshore wind, biomass, offshore wind, wave/tidal, solar, nuclear,
and fracking. The dependent variable was the PAT respondent’s aggregated level of
support for the energy source in question (either support, neutral or oppose). The
independent variables were selected based on the hypotheses being tested (Table
7). The data for the independent variables were either obtained directly from the
PAT itself or calculated from external data sources (see Supporting Information in
Appendix 2 for full details). Social grade (a measure based on occupation, collected
in the PAT) was used as a proxy for social class. Category A was treated as the
highest social grade (referring to higher managerial, administrative or professional
workers) and category E as the lowest social grade (referring to unemployed people,
state pensioners and casual workers). All variables were matched to the appropriate
survey year as far as data availability allowed. For example, to calculate
parliamentary constituencies represented by the UK’s Conservative Party,
percentages were assigned to each region based on the most recent general election
data (either 2010, 2015 or 2017). Multicollinearity between independent variables
was measured using VIFs; following Kock and Lynn (2012) the VIF values deemed

acceptable were those less than 3.3.

Initial analysis of the dataset showed that, for several energy sources, the levels of
support are strongly skewed (Figure 10). The dataset can therefore be described as

‘imbalanced’ i.e. the frequency of observations in each response category are not
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comparable. Imbalanced datasets can cause problems in statistical analyses such as
ordinal regression as their underlying algorithms expect balanced class distributions
(He and Garcia, 2009). For this reason, an informed under-sampling approach was
taken to subsetting the data. This has been shown to reduce the problems
associated with imbalanced data in a variety of studies (e.g. Linetal., 2017; Liu et al.,
2006; Mishra, 2017; Tang and Zhang, 2006). Specifically, we generated five random
subsets for each energy source, based on the size of the minority class i.e. classes
within each subset were created to be approximately the same size as the smallest
class (Liu, 2009). By taking this approach (bootstrap aggregating or ‘bagging’), we
could trainthe models on a large number of samples whilst removing as the problem
of class imbalance. The results of the models estimated for each of the random
subsets were then combining by taking the average (mean) across the five models.
This technique has been shown to provide substantial gains in model accuracy and
helps to reduce variance error (Breiman, 1996). The generalised ordered logit model
with partial proportional odds can be written as below, where M is the number of
categories of the ordinal variable:

exp (aj + Xiﬁj)

PO >)) = 1+ [exp(o; + X:8)]°

Equation 1. Generalised ordered logit model with partial proportional odds

The outputs of ordinal regression models are ORs. For continuous variables, ORs
greater than one indicate that the odds of a higher score of the dependent variable
increase by this amount per one unit change; ORs less than one indicate decreased
odds of a higher score per one unit change. For categorical variables, each category
is compared to a reference or ‘baseline’ category (Table 7). The dependent variable
was coded so that higher scores relate to increased support for an energy source
(oppose = 1, neutral = 2, support = 3). Because of how generalised ordered logit
models with partial proportional odds are calculated, ORs are generated for each
cumulative dichotomous categorisation of the dependent variable (similar to a
series of binary logit models). Therefore, the ORs generated by our regression

models refer to the odds of being in the support category (vs neutral/oppose), and
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the neutral/support categories (vs oppose) i.e. the odds of getting a *higher’ score on

the dependent variable scale.

Table 7. Variables included in the ordinal regression models to predict support for
eight energy sources: renewable energy (in general), onshore wind, biomass,
offshore wind, waveftidal, solar, nuclear, and fracking.

and D were compared to
E)

Hypothesis Category of Independent variable Data source for the variable
conceptual
framework
Familiarity Aesthetic Percentage of region UK Renewable Energy Planning
effect where energy technology | Database (REPD), Digest of UK
(exposure to is visible (estimated using | Energy Statistics (DUKES), UK
energy viewshed analysis Oil and Gas Authority (OGA)*
sources) techniques)
Geographical | Areatype (urban areawas | UK Energy and Climate Change
compared to rural area) Public Attitudes Tracker (UK
PAT)**
Temporal Year of the PAT survey UK PAT
Effect of Demographic | Age group (ages 16-24, UK PAT
demographic 25-34, 35-44, 45-54, and
characteristics 55-64 were compared to
age 65+)
Gender (male was UK PAT
compared to female)
Social Grade (A, B, Cz, C2, | UKPAT

Effect of Political % parliamentary UK Electoral Commission
political constituencies in region
orientation represented by the UK
Conservative Party
Effect of Economic % jobs in the related Renewable Energy Association
employment energy sector in region (of | (REA), Nuclear Industry
in energy total regional Association (NIA), Oil and Gas
sector employment)*** UK (OGUK)
Effect of Environmental | Level of concern (‘very’, UK PAT
climate ‘fairly’, and ‘not very’ were
change compared to ‘not at all’)
concern

30/05/2018).

15b.

* April 2018 monthly extract of the REPD; DUKES 2017; OGA Onshore Wells (OGA Open Data,
** Waves 1-25 (July 2012-April 2018). Includes survey questions 3, 133, 13b, 13¢, 13d, 13€, 143, and

*** Employment figures refer to direct employment (as estimated by REA, NIA and OGUK
industry reports). Total regional employment obtained from UK Labour Force Survey (Ao7:
Regional Labour Market Summary).
For renewable energy sources, the whole renewable energy sector was used as the ‘related energy
sector’ rather than disaggregating employment to the specific renewable technology sectors.
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Figure 10. Levels of support for energy sources in Waves 1 to 25 of the UK
Government’s Energy and Climate Change Public Attitudes Tracker (July 2012 —
April 2018). All statistical results remain Crown Copyright.

4.4. Results

Our results show that the energy source with the highest level of support in GB
between July 2012 and April 2018 was solar, with a mean score of 80.1%. This was
followed by RE (in general) which scored 76.8%, wave and tidal (74%), offshore wind
(73.6%), onshore wind (66.7%) and biomass (62.5%). Nuclear and fracking had
notably lower levels of support, with mean scores of 37.1% and 22.1% respectively.
Support for all RE sources is increasing over time (Figure 11). These trends were
statistically significant in the case of onshore wind, biomass, offshore wind, and
wave/tidal energy (p < 0.05). Support for nuclear and fracking, on the other hand,
was found to be decreasing over time. The trend in relation to nuclear was
statistically significant (p < o0.05); the trend for fracking was very slightly short of
statistical significance (p = 0.08), perhaps due to the fewer data points for this
technology given that the PAT only began tracking its support in 2014, whilst the

other energy sources began in 2012.
In terms of geographical variation, our results show an approximate North-South

divide whereby more southerly regions of GB (other than London) tend to have

higher average support for energy sources than more northerly regions (Figure 11).
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Most notably, the South West and Eastern England have consistently above average
support for most types of energy, whilst Scotland and London show consistently
lower levels of support for all energy sources than other regions (Figure 11). This
perhaps indicates that the familiarity effect follows a non-linear trend, given that
London has the lowest rates of installed capacity for many energy technologies due
to its high population density, whereas Scotland has consistently high rates of
installed capacity (Table 14 in Supporting Information, Appendix 2). In other words,
people least familiar and most familiar with energy technologies appear to have the
lowest levels of support. Wales has notably low support for onshore wind, and the
second highest level of installed capacity (after Scotland), supporting the idea of
very high levels of exposure reducing support, perhaps due to perceptions of

distributional injustice.

If urban and rural respondents are mapped separately (Figure 28) in Supporting
Information, Appendix 2), similar patterns to those described above continue to
pertain. Support for RE (in general), biomass, wave/tidal and solar was found to be
higher in rural areas, whilst support for nuclear, fracking and wind energy (both
onshore and offshore) was found to be higher in urban areas. A notable outlieris that
rural respondents in North West England have much higher average levels of
support for nuclear than their urban counterparts. This is potentially due to the
elevated levels of rural employment in the nuclear sector in this part of GB, which
hosted the world’s first industrial-scale nuclear power facility (Calder Hall, opened in
1956) and continues to host several nuclear power stations and the Sellafield nuclear

reprocessing facility (Kalantaridis and Bika, 2006).

As shown, mapping public attitudes to energy sources by region and area type can
provide some insights into how attitudes vary geographically, and potential reasons
why. In general, however, we found that the age group of the PAT respondent and
their level of concern for climate change were stronger and more consistent
predictors of support for energy sources than spatial variables (Figure 12). Our
regression results indicate a divide between younger people, women and those with

higher climate concern (who are more likely to support RE sources) and older people,
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men, and those with lower climate concern (who are more likely to support nuclear
and fracking). The other independent variables used to test our hypotheses,
particularly political and economic variables, had a less apparent and consistent

effect on PAT respondents’ likelihood of support for energy sources.

The regression models were best able to explain support for offshore wind,
accounting for 19% of the variance (Nagelkerke R:). This was followed by solar
(28%), onshore wind (17%) and RE (in general) (17%). The models were weakest for
wave and tidal energy (13%), fracking (213%), and nuclear (11%). All models were
statistically significant (p < o0.001). Thus, although the independent variables
included in our modelling clearly do have some explanatory power, a key finding of
this paper is that they do not fully explain people’s attitudes to energy sources (at
least when these variables are calculated at the regional level). This is an important
limitation to our analysis and suggests that regional-scale analysis is too coarse a
resolution to fully explain people’s attitudes. Alternatively, the lack of variance
explained by our models could indicate that there are other factors influencing
people’s attitudes to energy sources which we have not modelled, or that there is

random heterogeneity in the sample i.e. random individual differences in opinion.

Figure 12 shows the ORs for the independent variables included in each of the eight
regression models. The first set of ORs (indicated by blue circles) refers to the odds
of belonging to the support category, compared to the neutral/oppose categories (S
vs N/O). The second set of ORs (indicated by orange circles) refers to the odds of
belonging to the support/neutral categories, compared to the oppose category (S/N
vs O). Where the OR is the same in both sets, the independent variable meets the
proportional odds assumption; where it differs, it does not meet this assumption. As
an example, the regression model for onshore wind estimated two ORs for the
‘energy jobs’ variable. The blue circle is above 1 and solid, showing a statistically
significant (p < 0.05) positive effect for higher employment increasing the odds of
being in the support category for onshore wind. The orange circle is below 1 and
hollow, indicating a statistically insignificant (p < 0.05) negative effect for higher

employment increasing the odds of being in the support and/or neutral categories.
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Figure 11. Support for energy sources in regions of Great Britain (2012 — 2018).
Shetland Islands have the same results as the rest of Scotland. Labels show the
difference from the mean level of support. Solid lines indicate time series has a
statistically significant monotonic trend (p < o0.05). Data is from the UK
Government’s Energy and Climate Change Public Attitudes Tracker (Waves 1 — 25).

All statistical results remain Crown Copyright.
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Figure 12. Scatter plots showing odds ratios (ORs) for variables used to predict
support for energy sources. Blue circles show ORs for the support category
compared to neutral/oppose categories. Orange circles show ORs for
support/neutral categories compared to the oppose category. Where there is one
circle, the same OR applies to both outcomes. Solid circles indicate statistically
significant ORs (p < 0.05). ORs greater than 1 indicate positive effects; ORs less than
1 indicate negative effects. All statistical results remain Crown Copyright.
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4.5. Discussion

4.5.1. The familiarity effect

We tested the effect of familiarity on people’s support for energy sources using three
independent variables: visual exposure, urban or rural dwelling, and the year in
which the PAT respondent was surveyed. Our results show limited support for the
familiarity effect via visual exposure. We predicted that increased visual exposure
would have a positive effect on the likelihood of support as people would become
accustomed to energy infrastructure being part of the visual landscape. Several
studies have found aesthetic concerns to be prominent in explaining public
acceptance of energy sources, particularly wind energy (e.g. Bishop and Miller, 2007;
Rand and Hoen, 2017; Warren and Birnie, 2009; Wolsink, 2000), indicating the
importance of visual impacts in informing attitudes. However, our results do not
show that visual exposure had a statistically significant effect on people’s likelihood

of support for energy sources in either a positive or negative way.

The exception to our findings on visual exposure was in relation to wave and tidal
energy. These energy sources are referred to collectively throughout this paper
given that the PAT questionnaire collects attitudes to both together, meaning
attitudes between them cannot be disaggregated. Our results showed there to be a
statistically significant negative effect of visual exposure on support for these
sources of energy. However, this result should be interpreted with caution given that
there is currently very limited deployment of wave and tidal energy in GB (23 MW in
South West England and 11 MW in Scotland, resulting in percentage exposure of
0.04% and 0.07% in these regions respectively). Additionally, these types of energy
technology are often submerged underwater meaning they are sometimes not
visible from land. We estimated an average height of 2m to account for the
likelihood of some infrastructure (e.g. cabling, floats, buoys) being visible above the
waterline. It should be noted that there are no tidal range projects in GB, such as
dams or barrages spanning bays or estuaries, only tidal stream technologies such as

underwater turbines (Todeschini, 2017).
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The lack of significant effects regarding visual exposure could be explained by the
low spatial resolution of those data. This analysis could be improved by using more
finely grained georeferenced data on respondents’ locations and mobility patterns.
This would allow a better understanding of their exposure to energy infrastructure;
however, such data are not currently available. Using total regional installed
capacity as a predictor variable instead of visual exposure in the regression models
was also not statistically significant. This analysis could further be improved upon by
using more detailed height data (or MW/area) for energy installations, accounting
for the trend towards larger infrastructure after 2012, to more accurately model
landscape impacts. However, it could be that visual exposure to an energy source
does not by itself alter people’s attitudes; rather it could be the way in which energy
installations change people’s perceptions of landscapes and their attachment to

places (Devine-Wright, 2009), which is very difficult to model at a national level.

Our results show that people living in urban areas were more likely than rural people
to support wind energy (both onshore and offshore), nuclear, and fracking. A key
exception is in relation to nuclear in the North West of England, which showed
higher support in rural areas than urban areas, potentially due to employment
effects (see Section 4.4). We found that people in rural areas were more likely than
urban people to support RE (in general), biomass, wave/tidal, and solar. The only
statistically significant results in our analysis, however, were in relation to onshore
wind and fracking, which showed that contrary to our hypothesis on the familiarity
effect, people in rural areas were less likely to support or be neutral towards these
technologies. Given that these are both more suited to rural than urban areas, this
suggests that people living closer to the impacts (or potential impacts) of onshore

wind and fracking installations are less likely to support these technologies.

These findings somewhat contrast with other studies on this topic, particularly in
relation to fracking. Other studies have identified stronger support in places closer
to fracking sites. For example, Whitmarsh et al. (2015) find that out of three areas
surveyed in the UK, the area in which fracking was already underway showed

significantly more support than areas where it is not viable. Similarly, Boudet et al.
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(2018) find that people in the US who live in closer proximity to fracking sites show
greater support for the practice. The key difference between these studies and ours
is that fracking has not taken place at a national scale in GB, meaning that socio-
political attitudes are informed by hypothetical scenarios rather than direct
experience. This could explain why our results do not show the same proximity
effect as other studies do, or this may be because the resolution of analysis is coarser
than other studies’. Alternatively, our findings may indicate that people in GB are de
facto opposed to fracking, whether they have direct experience or not, as shown by

the low average level of support for this technology (mean = 22%).

Our findings around temporal familiarity reveal a division between RE sources with
nuclear and fracking. For RE (in general), onshore wind, and offshore wind, each year
that passed between 2012 and 2018 increased people’s likelihood of support or
being neutral in a statistically significant way at the 5% level. For nuclear and
fracking, however, each year that passed decreased the likelihood of people
supporting or being neutral towards these technologies (this was statistically
significant for nuclear at the 5% level and fracking at the 10% level). In other words,
the likelihood of opposition to nuclear and fracking increased over this period, whilst
it decreased for RE and wind energy. This could suggest that people have become
more familiar with RE over time, in line with our hypothesis regarding the familiarity
effect. For nuclear, there has not been any significant changes in the level of
deployment over this time, meaning that its popularity has decreased despite the
same levels of public exposure. Fracking has commenced in GB over this period,
though at relatively slow pace, meaning that opposition has increased despite

similar levels of public exposure.

Another explanation for the increase in support for RE sources between 2012 and
2018, and the decrease for fracking, is that concern for climate change has also
increased over this time period (Figure 29 in Supporting Information, Appendix 2).
For nuclear, it could be that the escalating costs of constructing new nuclear power
stations such as Hinkley Point C are affecting people’s attitudes in a negative way,

particularly when the costs of many RE technologies are falling (Suna and Resch,
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2016). There has been significant public debate in the UK about the financial cost of
transitioning to low carbon energy, meaning that economic criteria may well be
prominent in people’s minds when asked about their support for energy sources.
Another key socio-political issue which may have affected public attitudes over this
period is the adoption of the UN Paris Agreement, which was agreed in 2015 with
much publicity and ratified in 2016. This may have raised awareness of climate
change and the urgency of mitigation measures, such as shifting from fossil fuels to

low carbon energy sources (Lee et al., 2015; Drummond et al., 2018).

In summary, we did not find evidence for the familiarity effect via visual exposure,
though this could be due to the limitations of modelling this variable at a regional
scale. We found that onshore wind and fracking are less popular in rural communities
than in cities, but RE (in general), solar, wave/tidal and biomass are more popular.
Whilst this could be interpreted as NIMBYism in relation to onshore wind and
fracking, and inverse NIMBYism for the others, it is difficult to draw firm conclusions
on this given that our research design does not allow a strong understanding of why
people feel the way they do. Indeed, when the results of our regression modelling
are considered in conjunction with our spatial analysis, it suggests that more subtle
considerations may be at play, such as rural employment effects and concerns
around distributional (in)justice. Finally, our results show support for the familiarity
effect via temporal exposure for RE sources, though this could also be explained by
other trends between 2012 and 2018 such as increasing concern for climate change.
We do not find evidence to support the familiarity effect via temporal exposure for
nuclear and fracking, for which support is declining despite no major changes in

deployment rates.

4.5.2. The effect of demographics

Demographics were found to have a clear effect on people’s likelihood of supporting
different energy sources in a statistically significant way (at the 5% level). Younger
age groups were more likely to support RE (in general), onshore wind, biomass,
offshore wind, wave/tidal and solar. This effect was particularly pronounced in the

case of onshore wind and offshore wind, with the odds of someone in the 16—24 age
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group supporting these energy sources on average four times that of someone in
the 65+ age group. Older age groups, on the other hand, were more likely to support
nuclear and fracking. For example, the odds of someone aged 16-24 being in the
support category for nuclear were approximately 20% less than someone aged 65+.

This indicates a divergence in preferences for energy sources between age groups.

One explanation for the effect of age on people’s attitudes to energy sources is the
concept of ‘'Shifting Baseline Syndrome’ (SBS). SBS was originally coined to describe
the phenomenon of each generation perceiving the state of ecosystems they
encountered in their childhood as normal (Pauly, 1995). It could also describe
people’s attitudes towards energy sources, although it has received limited
application in the field of energy social science to date. An exception to this is
Ladenburg and Dubgaard (2007) who find significant differences in attitudes
towards offshore wind farms between age groups, with younger people generally
more positive than older people. Following Short (2002), they suggest this may be
explained by the differences in the ‘mental landscape’ of different generations:
‘older respondents might think of a “pristine” mental landscape which does not
include wind turbines. On the other hand, the mental landscape of younger
respondents might include wind turbines, because they were already present in the
landscape from their past (childhood)’ (pp. 4067). Because the younger generations
inthe PAT dataset have RE technologies as part of their ‘baseline’, this could explain

why they are more likely than older generations to support it.

Our findings around gender again reiterate a difference between those likely to
support RE sources, and those likely to support nuclear and fracking. While women
were more likely to support all types of RE other than solar, men were more likely to
support nuclear and fracking (these results were statistically significant at the 5%
level). These findings are in line with other studies’ findings (e.g. Corner et al., 2011;
van Rijnsoever et al., 2015, Venables et al., 2012; Whitmarsh et al., 2015) and could
be explained by differing perceptions of risk. Gender has been found to be an
important influence on risk perception, with women tending to be more risk averse

(Eckel and Grossman, 2008). Given the various risks associated with fracking and
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nuclear such as water contamination, earth tremors and nuclear accidents, this may
explain why men were more likely to support these energy sources, and women

were more likely to oppose them.

In terms of social class, our results support other studies which find higher social
class to be associated with greater support for nuclear and hydrocarbons (e.g.
Corner et al., 2011; Whitmarsh et al., 2015). This may be because higher levels of
education (which are often correlated with higher social class) increases people’s
awareness of the societal need for energy, or potentially enhances the perception
that risks can be handled by technical management solutions. A similar pattern was
identified for RE sources, though this effect was quite weak and only statistically
significant in a few cases (Figure 12). Social class therefore does not appear to be a

strong determinant of support for RE sources.

In summary, our results show that younger age groups and women were more likely
to support RE sources, whilst older age groups and men were more likely to support
nuclear and fracking. These findings are broadly in line with other studies and
support our original hypothesis (Section 4.2.1). Existing studies have somewhat
varied findings around gender, meaning that our results help to add clarity to this
area. However, our hypothesis was not supported by our results on social class, other
than in relation to nuclear and fracking. These energy sources were significantly
more likely to be supported by higher social grades than lower social grades (which
are used in this study as a proxy for social class). We had predicted that people of

higher social classes would be more likely to support all energy sources in this study.

4.5.3. Political and economic effects

Our hypothesis on the effect of political orientation was partially supported and
partially contradicted by our findings. We predicted that people living in areas with
higher levels of representation by the UK Conservative Party were less likely to
support RE sources, and more likely to support nuclear and fracking. Our findings,
however, show that people living in more politically conservative regions were

marginally more likely to support nuclear, onshore wind and RE sources (statistically

121



significant at the 5% level). Our results therefore support the literature which finds
that conservative political ideology is associated with greater support for nuclear
power (e.g. Whitfield et al., 2009), but do not support the literature which finds that
conservatism is associated with lower support for RE (e.g. Bidwell, 2013). It should
be noted that these conclusions are subject to substantial uncertainty given that we
did not have data on the political orientation of individual PAT respondents, only
regionally aggregated election data. This analysis could be improved if a more

accurate measure of the political orientation of survey respondents were available.

Interestingly, support for all types of energy in the PAT survey was consistently
below average in Scotland and London, and frequently in Wales and the North East.
This could suggest that being politically isolated from central decision-making
bodies (in the case of Scotland and Wales, which historically have a tense
relationship with the central UK government in London) influences citizens’
likelihood of supporting policies and technologies proposed centrally. On the other
hand, people living within London (and therefore theoretically ‘close’ to centralised
institutions) are also below average in terms of support, perhaps because of a lack
of familiarity and exposure. Following Batel and Devine-Wright (2018), we
recommend further research into how political beliefs interact with public support
for energy transitions, particularly given the context of a rise in populism and major
political developments such as Brexit which have implications for energy policy and

planning.

Similarly, our results also partially support and partially contradict our fourth
hypothesis: the effect of employment in the related energy sector on support for
energy sources. We expected to find greater levels of support in regions where there
is higher employment in the related industry. In support of this hypothesis, we found
that people living in areas with higher employment in onshore wind were more likely
to support this type of energy source (statistically significant at the 5% level). Our
spatial analysis also identified high support for nuclear in rural North West England,
where there is historically high employment in this sector (Figure 28 in Supporting

Information, Appendix 2). Contrastingly, we found that high employment in the oil
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and gas sector was associated with decreased support for fracking (statistically
significant at the 5% level), contrary to our prediction that this would boost support.
This could suggest that people who already have oil and gas development in their
region do not want even more in the form of fracking, despite potential employment

opportunities in the locality.

4.5.4. The effect of environmental beliefs

Of all the independent variables included in our regression modelling, concern for
climate change was the strongest and most consistent predictor of support for
different energy sources. The odds of people who were very or fairly concerned
being in the support or neutral categories for all RE sources were, on average, three
times that of those who were not at all concerned about climate change. By
contrast, the odds of people who were very concerned about climate change
supporting nuclear power and fracking were approximately half of those of people
who were not at all concerned. These results were statistically significant at the 5%
level. These findings are in line with our predictions and other existing studies in this
area (e.g. Hansla et al., 2008; Spence et al.,, 2010; van Rijnsoever et al., 2015;
Whitmarsh et al., 2015). Our fifth hypothesis on the effect of environmental beliefs

was therefore strongly supported by our results.

Importantly, concern for climate change is increasing over time, rising from 63% in
2012 to 71% in 2018 as measured by the PAT (Figure 29 in Supporting Information,
Appendix 2). Over this period, support for all RE sources has been increasing, whilst
support for nuclear and fracking has been decreasing. This suggests that as concern
for climate change continues to increase, and as climate impacts such as floods and
heat waves are felt more frequently and severely in Great Britain (CCC, 2017), the
already substantial gap between public support for RE and non-RE will continue to
grow. Interestingly, although nuclear power is advocated by some stakeholders as a
response to climate change given that it produces fewer carbon emissions than fossil
fuels, this does not result in higher support for nuclear amongst PAT respondents

with greater climate concern. This is presumably due to wider environmental and
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ethical concerns about nuclear energy, such as the safe disposal of waste and

associated risks to future generations.

4.6. Conclusion

In this paper, we have conducted quantitative and spatial analysis of a large national
dataset spanning six years: the UK Government’s PAT, from July 2012 to April 2018.
Informed by the conceptual framework developed by Roddis et al. (2018) to
investigate community acceptance of RE projects, we identified and collated arange
of variables to test what shapes public support for energy sources at a national scale.
By utilising this dataset, we addressed gaps in the existing literature of how trends
in public support have unfolded across time, space and social groups, rather than at
localised case study scales. Our findings thus have broader implications and
relevance to national policy and the national governance of low carbon energy
transitions. They also help to understand and explain socio-political acceptance of
eight different energy sources, thereby adding insights to the literature beyond well-

studied technologies.

We find that despite commonly held assumptions that public opposition to energy
can be characterised as NIMBYism, the relationship between the amount of energy
infrastructure in people’s region, as well as the visual impact of this infrastructure,
had limited effect on people’s support for that energy source. In other words, we did
not find a clear link between direct experience of energy developments in a person’s
region (i.e. at the community level) with their general attitudes towards that type of
energy (i.e. at the socio-political level). Whilst we did identify some spatial variation
in attitudes across GB, suggesting that geography does play a role to some extent,
the strongest predictors of support were demographic characteristics (particularly
age and gender), concern for climate change, and time. Our research therefore lends
support to other scholars who argue that NIMBYism is not a satisfactory theory for
explaining public acceptance (e.g. Burningham, 2000), as well as research
suggesting that worldviews and values (which often vary by demographic) may be
the most important predictors of attitudes (Sposato and Hampl, 2018) — something

it was not possible for us to consider directly using the PAT dataset. Indeed, the
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relatively low variance explained by our regression models suggests that there are
other important predictor variables which we did not include. Analysis at a finer

resolution may also help to uncover further and more detailed spatial patterns.

Whilst this paper has focused on the public or ‘societal’ dimension of socio-political
acceptance, there is also a need for continued research on the political and
policymaking dimension of this topic, and better integration between these
dimensions to understand the broader dynamics of social acceptance of energy
sources and transitions as a whole (Blumer et al., 2018; Scherhaufer et al., 2018). As
energy social scientist Maarten Wolsink emphasises, social acceptance can be
thought of as a ‘bundle of dynamic processes instead of a set of actor positions’
(2018, p. 287), meaning that integrated approaches are important to provide a full
understanding of this complex social phenomenon. Additionally, we cannot be sure
that our findings can be generalised to countries other than GB, meaning that similar
research designs using comparable national data would also be valuable for

deepening understanding of this topic across multiple contexts.

Importantly, our analysis shows that support for RE sources has substantially
increased from 2012 to 2018, whilst support for nuclear and fracking has markedly
decreased. As concern for climate change increases (a trend also demonstrated by
the PAT), it seems likely that these diverging levels of support for different energy
sources will continue to travel in opposite directions. Given that younger people
were found to be more likely to support RE sources, and older people were more
likely to support non-renewable nuclear and fracking, it seems likely that in the
future the public will increasingly favour renewable over non-renewable energy
sources, at least at the socio-political level of acceptance i.e. in terms of generalised
public attitudes, though not necessarily in terms of community acceptance of
specific energy projects. However, it cannot be ruled out that preferences will
change as the current younger generation grows older, meaning that continued

research in this area is important in order to monitor these trends.
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This raises an important issue around the relationship between public and
policymakers’ attitudes to energy sources, with implications for national
governance of low carbon transitions. Whilst the UK Government is backing a
nuclear expansion programme and shale gas development through fracking, it has
repeatedly cut subsidies for onshore renewable technologies and changed planning
regulations making it harder to build renewable energy projects (Barnham, 2017),
citing a lack of public acceptance as a rationale (DECC, 2015). This highlights a clear
conflict between national policymakers’ preferences for the UK'’s energy future, and
the preferences of the public (as measured by the UK Government) i.e. the two
‘dimensions’ of socio-political acceptance, as theorised by Wustenhagen et al.
(2007). If the transition to a low carbon future is to be achieved in a smooth and
timely way, and in a way that is acceptable to all stakeholders, it is crucial that these
divergent socio-political preferences are somehow aligned. Whether this is achieved
through changes to policy and the energy sources that are supported by
policymakers, or by targeted campaigns to change public perceptions, there is a
clear need for dialogue between stakeholders to bridge this widening gap and to

reach consensus on the energy mix that will be used to achieve decarbonisation.

In this context, it becomes increasingly important to have consistent and reliable
data to measure trends in attitudes across society. Itis critical that there is long-term
consistency in the measurement of public attitudes in order to take account of
changes in trends over time, and to inform long-term policy development. The PAT
is an extremely valuable resource in this regard, making it concerning that BEIS has
recently reduced the regularity with which it asks some questions, specifically the

questions measuring attitudes on fracking and nuclear (Holder, 2018).

To conclude, there are multiple rationales for policymakers to measure public
attitudes towards energy issues, including enhancing the legitimacy of decision-
making (instrumental rationale), providing non-expert input to policy decisions
(substantive rationale), and increasing democracy (normative rationale) (Wesselink
et al., 2011). However, if public attitudes are not seemingly incorporated into

decision-making processes, it becomes unclear which of these rationales is being
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pursued, potentially eroding trust in decision-making institutions and damaging the
social license of energy industries to operate if they do not have the backing of the
citizenry. Whilst public attitudes are only one of multiple considerations involved in
energy policymaking, our findings call on policymakers to be more transparent in
justifying decisions to ensure a smooth and rapid low carbon transition that is

acceptable to all.
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of the UK’s first ‘nationally significant’ solar farm. Solar Energy, 209, 235-244.
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5.1. Abstract

New RE infrastructure is essential to deliver net zero policies in response to climate
change, but a lack of community acceptance is a potential barrier. It is therefore
important to understand what shapes community acceptance and identify policy
responses. This paper presents a case study of community acceptance of a large-
scale solar farm in the UK, the first to be classified as an NSIP. In doing so, it provides
the first empirical study of community acceptance of a large-scale solar farm in a
developed country context, building on existing studies which use hypothetical
approaches such as choice experiments, or surveys which measure general attitudes
rather than responses to specific developments. The paper uses mixed methods
(quantitative content analysis of online comments on the planning proposal;
qualitative semi-structured interviews with local residents and key stakeholders;
and participant observation) to identify determinants shaping community
acceptance of large-scale solar farms. We discover 28 determinants which we group
into eight categories: aesthetic, environmental, economic, project details,
temporal, social, construction and process. We argue that these findings help to
reveal broaderissues underlying community acceptance of solar farms and other RE
infrastructure: 'green-on-green' tensions; issues of scale and place attachment;
policy, process and justice. We also contribute a novel understanding of community
acceptance as 'relational’, by which we mean it is informed by the deployment of
other energy technologies and the wider energy policy landscape, not just the
specific project. We conclude with recommendations for how policymakers can

respond to the issues identified by this article.
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5.2. Introduction

Large-scale solar farms are increasingly being built around the world to generate
RE. These are ground-mounted arrays of solar PV panels which convert sunlight into
electricity, sometimes called solar parks or solar fields. Whilst having advantages in
terms of meeting rising energy demand and decarbonising electricity supplies
(Sharma, 2011), some solar farm developments have provoked strong negative
public reactions. However, the reasons underlying this have not been well explored
in academic literature. This paper explores the issues surrounding public acceptance
of a large-scale solar farm project in the UK. It is the first solar farm to be classified
as an Nationally Significant Infrastructure Project (NSIP), which is the way the
planning system in England and Wales deals with major infrastructure that fulfils a
national need (Rydin et al., 2018). This is a timely topic of research as a growing
number of large-scale solar farms are being proposed, driven by low carbon

transition policies to meet net zero emissions targets in response to climate change.

We draw upon the influential framework by Wistenhagen et al. (2007) which
distinguishes between three dimensions of social acceptance: socio-political,
community and market. Socio-political acceptance refers to general support for a
technology or policy from the public, policymakers or other actors; community
acceptance refers to responses to specific infrastructure projects or proposals by
local publics or wider ‘communities of relevance’ (Batel, 2018); market acceptance
refers to the process of market adoption of technologies or innovations by
consumers (e.g. the public) or investors. Whilst each are enacted and shaped by
various actors, we focus on the role of the public as a key stakeholder across multiple
dimensions of social acceptance (Walker, 1995; Boudet, 2019). Though each
dimension is fundamental in the implementation of energy innovations (Wolsink,
2018), we focus on community acceptance as a particularly important consideration
at the deployment stage because government officials and companies must
negotiate with local people (and broader communities of interest) through planning
processes (Carley et al., 2020). Without community acceptance, it may not be

possible to roll-out an innovation, despite acceptance in the socio-political and
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market realms. In some cases, this can have wider ramifications such as in the case
of onshore wind inthe UK, for which government subsidies were removed as a result
of local backlash (Cowell, 2017). Thus, community acceptance is commonly
recognised as a critical factor in the successful implementation of RE policies

(Devine-Wright, 2009).

To date, there has been limited research on what shapes community acceptance of
large-scale solar farms. This is important because their high land-take and potential
conflict with other land uses gives rise to a unique set of environmental, social and
economic issues (Jones et al., 2015), which are not necessarily directly comparable
to more frequently studied technologies such as onshore wind. Against this
backdrop, this paper asks the following research questions: What are the key
determinants shaping community acceptance of large-scale solar farms? What does
this reveal about broader issues underlying community acceptance of RE
infrastructure? How can these issues be better addressed by policymakers? The paper
is structured as follows. In the following section, we review existing academic
literature on community acceptance of solar farms and outline our research gap. We
then introduce our case study and the mixed (quantitative and qualitative) methods
used to address our research questions. Next, we present our results and discuss the
broader significance of our findings. In the final section, we offer key academic and

policy conclusions and suggest directions for further research.

5.3. Literature review

Solar farms as conceived in this paper are distinguished from Concentrated Solar
Power (CSP) plants which use mirrors to direct sunlight onto a small area to
generate thermal energy. They are also distinguished from PV installations on
rooftops or on water i.e. ‘floating’ solar farms. Existing solar farms range from small
arrays with an output less than 1 MW to ‘mega-projects’ covering thousands of
hectares with an output of 2,000 MW; the largest projects are in China, India and
Mexico in semi-arid and desert landscapes (Wolfe, 2019). They are also increasingly

developed in densely populated areas such as in Europe, on agricultural and
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brownfield land. To date, however, research has overlooked public responses to

solar farms in these settings.

Yennetiand Day (2015) and Yenneti et al. (2016) focus on the case study of Charanka
Solar Park in Gujarat, India: one of the largest solar farms in the world. Through
stakeholder interviews, they find that some local residents have been dispossessed
of resources in the land acquisition process for the project, threatening livelihoods
and exacerbating vulnerabilities. Nkoana (2018) identifies corruption and
inadequate consultation in the planning process surrounding two solar parks in
Limpopo, South Africa, thereby “leaving room for powerful stakeholders to thrive
over vulnerable community members” (p34). Issues surrounding livelihoods, access
to land, community consultation and fair process thus appear likely to shape
community acceptance of solar farms, though it is unclear whether this is specific to
developing countries with higher levels of subsistence living and with weaker
institutional governance. However, similar issues have been identified in developed
countries in relation to other types of energy infrastructure such as oil and gas in
Canada (Garvie and Shaw, 2014), onshore wind farms in Australia (Gross, 2007) and

marine RE in Ireland (Reilly et al., 2016).

Another notable body of solar farm research focuses on the US. For example,
Carlisle et al. (2014) investigate predictors of support for large-scale solar farms in
California, finding that the prospect of positive impacts, such as jobs, had a stronger
effect on attitudes than potential negative impacts, such as construction traffic.
Carlisle et al. (2015) explore whether attitudes vary between a national US sample
and a sample in the Southwest: a key area for solar farm development. They find
that support is similar across these samples: 82% nationally and 80% in the
Southwest, varying slightly according to demographic characteristics. This
indicates that public opinion is generally favourable and that direct experience of
solar farms has a limited effect. This corresponds with research on wind energy
finding that direct experience can in fact lead to increased support, suggesting an

‘Inverse NIMBY' (Not In My Back Yard) syndrome (Warren et al., 2005). Carlisle et al.
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(2016) identify high support for solar farms in Southern California, though find that

visual impacts and buffer distances can alter people’s attitudes.

Whilst useful in identifying broad trends in public attitudes towards solar farms and
key factorsinfluencing this (e.g. jobs, visual impacts, buffer distances), these studies
are limited in that they do not focus on empirical solar farms. Thus, they are not
rooted in a specific context or place, which research shows to be fundamental to
community responses to energy infrastructure as a result of issues around place
attachment (i.e. connection to the local area) and place identity (Devine-Wright,
2009). Studies which use hypothetical projects to explore community acceptance
are limited for similar reasons. For example, Yang et al. (2017) conducted a choice
experiment in South Korea in which respondents chose between imagined solar
farms with differing traits. They found a greater willingness to pay for policies to
reduce light pollution, habitat loss, hazardous materials and landscape destruction,
the precise amount varying between these impacts (in descending order). Such
studies can be influenced by hypothetical bias, in which respondents state how they
think they would feel in a given situation, rather than reporting on how they actually
experience it (Loomis, 2011). Thus, there remains a research gap on determinants
shaping actual community responses to solar farms, which is important as public
support has been found to shift when people are asked to think concretely rather
than abstractly about the impacts of solar energy projects (SUtterlin and Siegrist,

2017).

Though not focusing on one empirical case, Roddis et al. (2018) provide a first
attempt at understanding community acceptance of solar farms in a densely
populated, developed country. They analyse planning applications for solar farms in
GB to identify types of project that are more or less likely to gain planning approval.
They find that solar farms proposed on the highest quality agricultural land are on
average five times less likely to be approved than those on non-agricultural land.
This reflects planning guidance to protect the ‘best and most versatile agricultural
land’ (NPPF, 2012) but may also reflect community opposition to solar farms

perceived to conflict with traditional land uses such as farming. This has parallels
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with existing research on high voltage power lines finding that the ‘fit' of energy
infrastructure with the landscape shapes community responses (Devine-Wright and
Batel, 2013), and indeed may be even more pronounced for solar farms given their

higher land-take.

Roddis et al. (2018) also find that solar farms are 15% more likely to be approved in
more socially and economically deprived areas, raising issues of distributive justice
(i.e. the distribution of costs and benefits across society) and procedural justice (i.e.
fair and representative decision-making processes) of RE (Heffron and McCauley,
2017). Perceived injustices canin turn have an effect on public perceptions of energy
infrastructure (Tabi and Wustenhagen 2017), highlighting the importance of
attending to justice issues when considering public acceptance. Indeed, issues of
justice are identified as important for community acceptance of other energy
infrastructure such as onshore wind (Simcock, 2016) and shale gas (Cotton, 2017).
Finally, Roddis et al. (2018) find that smaller solar farms are more likely to be
approved than larger ones, indicating that scale is another potentially important
issue shaping community acceptance. This would support suggestions from
scholars that large-scale infrastructures are more likely to face opposition from the

public (Batel et al., 2013).

5.4. Case study and methods

5.4.1. Cleve Hill Solar Park

Cleve Hill Solar Park (henceforth referred to as Cleve Hill) was proposed in 2018 in
Kent, South East England, and received planning consent in May 202o0. It is the first
solar farm to be classified as an NSIP, which is how the planning regime in England
and Wales deals with major infrastructure developments such as energy, transport
and water projects, as established by the Planning Act 2008 (Lee et al., 2013). All
onshore energy projects with a capacity above 5o MW are classified as NSIPs, as well
as offshore energy projects with a capacity above 100 MW (Natarajan et al., 2018).
Cleve Hill has a proposed capacity of 350 MW, making it the second largest solar
farm application in GB to date and the third largest application in Europe (following

Pizarro in Spain). In line with the NSIP threshold, this paper defines ‘large-scale’ as
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solar farms with capacities greater than 5o MW. In GB, there are currently around
1,000 operational solar farms and the average installed capacity is around 8 MW

(Roddis et al., 2018).

The average capacity of British solar farms has been increasing in recent years,
particularly following changes to the UK Government’s subsidy regime in 2015/2016
which substantially lowered Feed-In Tariff rates and closed the Renewables
Obligation (the main subsidy scheme at the time) to new solar PV capacity (Burke,
2015). This resulted in a marked drop in the number of planning applications in 2016
(Figure 13). This makes public acceptance of large-scale solar farms a timely topic of
research as proposals for large subsidy-free projects such as Cleve Hill come forward
which rely on economies of scale to make them financially viable. Two further solar
farm NSIPs have submitted planning applications since Cleve Hill: Little Crow Solar
Park (150 MW) in December 2018 and Sunnica Energy Farm (500 MW) in March
2019, seemingly indicating this growing trend. Thus, Cleve Hill acts as an
“instrumental” case study from which insights can be drawn into the issues
surrounding community acceptance of large-scale solar farms more broadly, whilst

recognising the specifics of the case (Stake, 1995).
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Figure 13. Planning applications for solar farms in GB (150kw+) from 2010 to 2018.
Blue markers show total annual number of planning applications (left Y axis); green
markers show annual average (mean) installed capacity of installations (right Y axis).
Data is from the UK REPD (monthly extract December 2019). NB. Subsidies for solar
farms were reduced by the UK Government in 2016, resulting in a fall in applications.
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Cleve Hill is a joint venture between two private companies, Hive Energy Limited
and Wirsol Energy Limited. The development includes around 1 million solar PV
panels along with a battery storage facility, covering a total area of around 1,000
acres (Arcus Consulting, 2017). The land is currently used for arable farming and is
classified as ‘moderate quality’, with an Agricultural Land Classification of 3b (Arcus
Consulting, 2017). The land is reclaimed saltmarsh, lending the name Graveney
Marshes to the area. The site is bordered to the north by the Swale channel; to the
east by a main road and substation infrastructure; to the south by dispersed
residential properties; and to the west by the Faversham Creek tidal estuary (Figure
14). There are a number of designated habitats and nature reserves close to the site
though not directly overlapping with it, including a Site of Special Scientific Interest
(SSSI), Special Protection Area (SPA) and Ramsar wetland site. It is adjacent to or
overlapping a number of public footpaths such as the Saxon Shore Way. The site is
low lying and prone to flooding. Unlike other British solar farms which are south-
facing, the panels are proposed in a novel east-west design to maximise their

number and thus electricity generating potential.
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Figure 14. Map of Cleve Hill Solar Park site. Insert shows approximate location in
Great Britain (red dot). Image adapted from Scoping Report (Arcus Consulting,
2017), reproduced from Ordnance Survey digital map data. Crown copyright and
database rights 2017 Ordnance Survey.
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The Cleve Hill project is located in the Swale Local Authority District (LAD) on the
north coast of Kent, near the rural village of Graveney (population ~500) and the
historic market town of Faversham (population ~19,000) (ONS, 2016). The Swale is
a popular tourist and retirement destination with a higher percentage of retired
people than the English average (15.1% vs 13.7%) (ONS, 2016). It is a relatively
deprived district, ranked 69 out of 317 LADs (IMD, 2019), though there is substantial
diversity in terms of affluence within the LAD. There is no community ownership or

community benefit scheme attached to the development.

Cleve Hill's proposal sparked substantial debate within the local community about
the pros and cons of solar farms, leading to the formation of a local opposition group
‘Save Graveney Marshes'. It therefore makes an interesting case study as public
acceptance has become a significant issue surrounding the project. All
documentation for NSIPs is publicly available online, making these types of projects
good case studies in terms of data availability. As an NSIP, Cleve Hill is also a useful
case study to explore issues surrounding scale and governance as the planning
process is managed centrally by a government body, The Planning Inspectorate,
thereby introducing a possible tension between local impacts and national need (as

well as the wider global climate benefits of RE).

5.4.2. Methods

To address our research questions, we used both quantitative and qualitative
methods. Quantitatively, we carried out content analysis of online comments
written by members of the public in response to the Cleve Hill planning proposal (n
= 816). These were obtained from the ‘Relevant Representations’ section of the
National Infrastructure Planning website. Qualitatively, we conducted semi-
structured interviews with members of the public living near the proposed site and
other key stakeholders i.e. planning officials and campaigners (n = 12). We also
carried out participant observation at three public hearings and an official site
inspection held by The Planning Inspectorate. Our observations allowed us to gain
deeper insights into the local context, thus helping to interpret the online

comments and interviews.
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Online comments (or ‘representations’) were submitted between December 2018
and January 2019. Statutory and non-statutory authorities and businesses were also
able to submit representations; however, we focus on comments made by members
of the public to directly address our research questions. Only one comment is
allowed per person, though it is allowable to make a comment on someone else’s
behalf if specified. The Planning Inspectorate requests that comments focus on the
aspects of an application a person agrees and/or disagrees with and their reasons
why. They ask not to receive comments on issues surrounding compulsory
acquisition of land or rights over land, or the merits of a policy set out in a National
Policy Statement (which underpin the NSIP regime). There is no word limit though
they do request that comments focus on key points and do not allow attachments.
This may mean that not all determinants shaping community acceptance are
captured inthis dataset as people may exclude certain concerns, prioritise the issues
they raise or tailor their comments towards what they think will have most traction

in the formal planning process.

To identify determinants which are captured by this dataset, we drew upon the
conceptual framework by Roddis et al. (2018) on community acceptance of onshore
wind and solar farms. This is the only community acceptance framework the
authors are aware of which focuses explicitly on solar farms. We followed an
‘abductive’ research approach whereby a conceptual framework is applied with a
view to modifying it and thus developing new theory (Bryman, 2012). We therefore
used the Roddis et al. (2018) framework as the basis for developing a coding
scheme, adding new codes where we identified determinants not captured by the
original framework. As recommended by White and Marsh (2006), where the coding
scheme was modified during the coding process it was then re-applied to the data
already coded to ensure consistency. We used the data analysis software Nvivo to

carry out the coding process.
To select interviewees, a purposive sampling approach was taken whereby key

stakeholder groups were identified and targeted (Palinkas et al., 2015). Interviewees

can be categorised into four groups: active residents (who actively engaged with the
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planning process for Cleve Hill e.g. by submitting online comments and/or attending
public hearings); passive residents (who did not engage with planning process for
Cleve Hill); campaigners (who were actively involved in the campaign against Cleve
Hill); and planning officials (who were professionally involved in the planning
process for Cleve Hill). Questions were tailored for each of these groups, however
specific topics were asked about consistently to improve comparability e.g. general
views on solar farms as a way of generating electricity, specific views on Cleve Hill,
relationship with the Cleve Hill site, participation in the Cleve Hill planning process.
Interviews followed a semi-structured format to allow flexibility. Interviewees were
recruited in a variety of ways: social media; information sheets placed in public
spaces; the lead researcher's attendance at public hearings for the Cleve Hill

planning proposal; and snowball sampling.

As far as possible, individuals were sampled from different demographic groups
(namely gender and age) as well as differing levels of engagement with the planning
process to provide a diversity of perspectives and experiences (Table 8). This was
informed by the insight that attitudes to solar farms vary across social groups
(Carlisle et al., 2015). The interviews took place either in person or by phone, lasting
between 30 minutes and an hour. They were held within a four-week period
between July and August 2019, coinciding with the examination stage for Cleve Hill.
We conducted fieldwork at this time because it enabled an understanding of how
the NSIP planning process shaped people’s perspectives, as well as the proposal
itself. It also meant that awareness of the proposal was high amongst the local
community (public consultation having commenced in 2017). The content analysis
was carried out prior to the fieldwork to familiarise the research team with the case
and key public concerns. We did not find it necessary to further modify the coding

scheme subsequent to the fieldwork.

A mixed method multi-strategy approach allowed breadth and depth of analysis,
which has been shown to bring greater understanding of a phenomenon than by
using individual approaches (Bryman, 2006). We followed a triangulation mixed

methods design (Cresswell and Clark, 2007), whereby complimentary yet distinctly

147



different data was gathered and then integrated for interpretation of the research
phenomenon (Almalki, 2016). Importantly, the interviews enabled us to capture
perspectives of individuals who had not responded to the online consultation, and

the participant observation enabled us to contextualise our analysis.

There are limitations to our methods which are important to acknowledge. Firstly,
there is likely to be bias in the sample of respondents who submitted online
comments. Research shows that people who feel strongly against a proposed
project are more likely to engage with the planning process than those who feel
support, qualified support or indifference (Bell et al., 2005). Therefore, our analysis
of determinantsiis likely to be skewed towards those who feel strongly against Cleve
Hill. Secondly, our analysis is limited to the specific time period in which our data
were collected i.e. the planning stage. Research shows that community acceptance
of energy infrastructure varies across time stages of the project, usually dipping
during the planning stage and rising again following construction (Wilson and Dyke,
2011). Thirdly, the number of interviewees is relatively small due to resource
constraints (n = 12). However, we feel the interview data provides an important
balance to the online comments because people may have limited or tailored their
online comments for the purpose of the planning process and/or formulated them
to gain greater political legitimacy and avoid being dismissed as self-interested
‘NIMBYs' (van der Horst, 2007). Additionally, the interviews reveal perspectives of
community members who did not directly engage with the Cleve Hill planning

process.
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Table 8. Interviewee details including stakeholder type, participationin the Cleve Hill

Solar Park planning process and demographic information

Interviewee | Stakeholder Participation Demographics
1 Active resident Online comment | Female, 40-60
2 Active resident Online comment | Male, 40-60
Active resident Online comment | Male, 40-60
4 Active resident Online comment | Male, 60+
and public
hearings
5 Passive resident None Female, 40-60
6 Passive resident None Female, 40-60
7 Passive resident None Male, 20-40
8 Passive resident None Female, 20-40
9 Campaigner Online comment, | Male, 60+
public hearings
and campaigning
10 Campaigner Online comment, | Female, 40-60
public hearings
and campaigning
11 Planning official Decision maker Male, 20-40
12 Planning official Decision maker Male, 40-60

5.5. Results and discussion

Our content analysis showed that 8% of online comments (n = 803) were opposed
to the Cleve Hill proposal and 2% were in favour (n = 13). This does not necessarily
mean that 98% of the community is opposed, rather this corresponds with other
research finding that people who feel strongly against a proposal are often most
likely to engage with planning processes (Bell et al., 2005). Across the 816
comments, we identified 28 codes (i.e. determinants) which collectively recurred a
total of 3776 times. Eighteen of these were identified by our analysis; ten were from
the original framework by Roddis et al. (2018). We classified these codes into eight
categories: aesthetic, environmental, economic, project details, temporal, social,

construction and process. The first five of these categories are from Roddis et al.
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(2018); the latter three were identified by our analysis thus adding to the original
framework. We did not identify determinants in the demographic, political or
geographical categories of the original framework as this data is either not collected
or made available by The Planning Inspectorate. The breakdown of codes within
each category is shown in Figure 15 and the breakdown of all codes is shown in
Figure 16. Our full coding scheme is shown in Figure 17 and a more detailed

description of what each code refers to is provided in Table 15 in Appendix 3.
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Figure 15. Frequencies and percentages of codes (i.e. determinants of community
acceptance) in each category of our coding scheme for analysing online comments
from the public on the Cleve Hill Solar Park planning proposal.
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codes in our coding scheme for analysing determinants of community acceptance

of Cleve Hill Solar Park
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Figure 17. Coding scheme developed in this paper for analysing online comments
made by the public on the Cleve Hill Solar Park planning proposal in order to identify
the determinants of community acceptance of large-scale solar farms. The
aesthetic, environmental, economic, project details and temporal categories are
from the conceptual framework by Roddis et al. (2018); the social, construction and
process categories were added by this paper. 18 of the 28 codes (i.e. determinants)
were identified in this paper; 10 are from the original framework.
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5.5.1. Green-on-green tensions

Our quantitative results show that the most commonly articulated concern
regarding Cleve Hill was its potential impacts on wildlife and habitats, accounting
for approximately 18% of all 3776 codes. Of particular concern was potential impacts
on birds, which accounted for 51% of all codes on wildlife and habitats. This
highlights the ‘green-on-green’ character of community acceptance of solar farms,
whereby measures to mitigate climate change come into conflict with other
environmental priorities such as wildlife conservation (Warren et al., 2005). This
tension is particularly pronounced for Cleve Hill as the site is close to several
protected areas for biodiversity and hosts charismatic species such as the Marsh
Harrier. Similar concerns have been identified in relation to other RE infrastructure
such as wind turbines (e.g. Devlin, 2005); the key difference with solar farms is that
the scientific evidence on biodiversity impacts is still evolving meaning there is
higher uncertainty (Randle-Boggis et al., 2020), particularly for solar farms the size
of Cleve Hill and those with an east-west design. This means that perception of

impacts is a particularly important issue in this context, as well as known impacts.

Interestingly, although very few online comments were in favour of Cleve Hill,
wildlife was also one of the most frequent codes in support of the project.
Specifically, these comments highlighted the creation of a wildlife habitat area
adjacent to the facility which was perceived very positively by those who mentioned
it. Concern for wildlife was also a common theme across interviewees who
supported the project. For instance, interviewee 7 commented:
"We have so little time to deal with climate change. Anything that has to
happen, it has to happen now [...] As long as you don’t wipe out
ecosystems, you can still walk around and still see birds, that doesn’t
bother me that much because psychologically you know why they’re there,
and they’re there to make sure there still is an ecosystem.”
This indicates that biodiversity is a driver both for and against solar farms; some
people were concerned about the immediate impacts of the infrastructure on

wildlife and habitats, whilst others were concerned about the longer-term threat to
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wildlife posed by climate change. This highlights a temporal dimension to green-
on-green conflicts which is often overlooked. It also indicates that the perception of

the impacts of solar farms may vary depending on one’s concern for climate change.

Other interviewees highlighted the complexity of deciding what actually counts as
‘green’. As interviewee 10, a lead campaigner from ‘Save Graveney Marshes’,
expressed:
"We all know that we need clean energy and we‘ve got to do something
about climate change, but we have to be mindful of the actual
environment we’re destroying to create that ‘clean’ energy. You have to
look at where those solar panels are coming from, and things like
transport, not just the generation of the energy. You have to look at the
whole thing to decide whether it’s green, and | don’t think we can say that
is the case here.”
This reveals a sophisticated understanding of the various sustainability metrics for
energy, with direct carbon emissions only one of a number of environmental
impacts that arise over the lifecycle of energy projects. This demonstrates the
complexity of evaluating the ‘most’ sustainable option when deliberating green-on-
green tensions such as large-scale solar farms and other types of RE, given the
multiple environmental dimensions at play such as land usage, impact on wildlife

and carbon emissions.

Another interesting aspect of the Cleve Hill case study is that it is proposed on land
which is prone to flooding and acts as a flood plain. This means that the panels must
be raised to avoid flood water, thus adding to the project’s visual impact. Climate
change makes this elevation all the more necessary due to sea level rise and
increased flood risk. Currently, the site’s flood risk is managed by the Environment
Agency (EA), a statutory body; however, the developer is due to take over this
responsibility. The online comments and interviews reflected concern that the
developer would prioritise the protection of their infrastructure rather than local
residences and businesses. Others raised the point that if the EA continues to

manage the site there are plans for coastal realignment whereby the land will be
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reverted to saltmarsh to help mitigate flooding and enhance carbon sequestration.
This exemplifies a complex set of green-on-green tensions which are specific to
community acceptance solar farms as opposed to other RE infrastructure such as
wind turbines. The amount of land required for solar farms forces consideration of
how best to utilise space to meet environmental objectives including carbon
reduction, carbon storage, visual amenity, flood management and wildlife
conservation. In turn, these must be weighed against the societal need for energy.
This accords with other scholars such as Holland et al. (2016) and Randle-Boggis et
al. (2020) who argue that an ES approach to energy planning may be beneficial to
evaluate these interactions, and to identify trade-offs that the public and other
stakeholders are most (and least) willing to accept. In some cases, it may be that
solar farms could in fact improve ES provision for example by planting wildflowers

in the margins of solar farm developments (Randle-Boggis et al., 2020).

5.5.2. Issues of scale and place attachment

The code that appeared in the online comments most frequently after wildlife and
habitats was the scale of the project, accounting for 10% of codes. This included
references to the land area of the site (roughly equivalent to 750 football fields), the
height of the panels (raised to 3.9m to avoid flood water) and the generating
capacity (350 MW). It was commonly described as a “megaproject” and comments
relating to the scale were framed in a pejorative way such as “ridiculously enormous”,
“very intrusive height and expanse” and “far too big for such a small area of Kent". This
raises an interesting dynamic between the relative scale of the project and the space
it occupies, similar to the finding that the ‘fit' of energy infrastructure in the
landscape shapes community responses (Devine-Wright and Batel, 2013; Devine-
Wright and Wiersma, 2020). The comparable area of the site to Faversham was also
frequently highlighted by interviewees, emphasising that a project of this size was
not seen to ‘fit’ with the local area. These findings also show the influence of the
Save Graveney Marshes campaign on people’s responses (Figure 18), indicating the

socially constructed nature of community acceptance i.e. people do not form their
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views in isolation, but also take cues from their peers and those around them

(Devine-Wright, 2007).

NO:

SOLAR PARK!

Figure 18. ‘Save Graveney Marshes’ campaign posters on a board overlooking the
proposed site for Cleve Hill Solar Park, one reading: ‘No to the solar park! As big as
Faversham’and the other highlighting landscape impacts. Photograph was taken by
the lead researcher in July 2019.

One explanation for the negative responses to the scale of the project is that it
emphasises the change in the traditional use of the landscape. Indeed, the third
most frequent code was landscape character. England is a fairly settled landscape,
meaning that people are accustomed to the landscape being the way that it
currently is (Selman, 2010). New energy infrastructure disrupts this sense of
“landscape permanence” and can trigger public opposition (Pasqualetti, 2000). This
has been found to be important issue for wind energy and may be even more so for
solar farms as they largely preclude the land continuing to be used for other
purposes. Thus, they may come to be regarded by the public asa more fundamental
change to the landscape than wind turbines. Interestingly however, although the

Cleve Hill site is currently agricultural, impacts on agriculture were not identified in
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the interviews or content analysis as a very strong determinant of community
acceptance, representing 2% of codes. Instead, the underlying concerns around the
project’s scale appear to be more strongly driven by place attachment, as indeed
existing research has identified as important for other types of energy

infrastructure.

Place attachment refers to the bonding between individuals and their environments
(Scannell and Gifford, 2010). In our content analysis, 4.4% of codes explicitly
expressed place attachment i.e. they expressed love or strong affection for the
Cleve Hill site or wider area. However, many other codes are also intertwined with
place attachment, such as landscape character (8.3%), recreation (6.6.%), visual
impact (6%), and health and well-being (2.7%). Our interview data also identified
place attachment. For example, interviewee 5 commented on the spiritual value of
Graveney Marshes and how they were saddened by the prospect of losing a place
that they frequently visited and was very special to them:

"I love nature. In terms of my faith, | feel close to God when I'm near

nature, and we won't have that anymore. It will just be industrial.”
This demonstrates the religious or spiritual importance of the marshes to the
community, another important component of place attachment. This finding can
be described as a ‘cultural ecosystem service’ (Fish et al., 2016) i.e. the non-material
benefits people obtain from nature, further demonstrating the value of applying an

ES approach to public acceptance of RE.

The issues of scale and place attachment discussed here are particularly relevant to
NSIPs as they are underpinned by a policy presumption of national need (Johnstone,
2014). Both online respondents and interviewees frequently acknowledged the
need for low carbon energy generation, taking into account the national scale
(energy supply issues) and the global scale (tackling climate change). However, their
views are deeply embedded in the local scale and concerns over the local impacts of
the Cleve Hill project. Interviewee 5 described this tension as a “battle in my head"
because they recognised the broader benefits of the project but were distressed

about the loss of a highly valued place in their local area. Similarly, many online
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respondents stated that they supported solar technology generally because of its
low carbon emissions (6% of all codes) but did not support Cleve Hill specifically,
demonstrating the multi-scalar character of community acceptance of RE. This
supports calls to provide policymakers with more realistic measures of community
acceptance to avoid misleading expectations of public responses to solar energy
(SUtterlin and Siegrist, 2017). It also supports existing research (e.g. Roberts and
Escobar, 2015) which finds that the public deliberate a range of complex issues when
formulating their opinions on energy infrastructure, supporting a shift away from

simplistic accusations of NIMBYism.

5.5.3. Issues of scale and place attachment

Other key themes arising from our analysis relate to policy, process and the justice
implications of these issues. The fourth most frequent code identified in the online
comments (8.2%) related to alternative options i.e. the perception that other
locations or technologies were more suitable for generating electricity and reducing
emissions, frequently accompanied by a perception that these had not been
adequately considered by decision-makers. In particular, the topic of rooftop solar
was a common theme across the interviews, as well as the online comments: 32.4%
of the ‘alternative options’ codes referred to putting solar on industrial or domestic
rooftops. This indicates that community acceptance of solar farms is ‘relational’
rather than absolute; by this we mean it is informed by the deployment of other
energy technologies and the wider energy policy landscape, not only the specific
solar farm. This builds on conceptions of community acceptance as ‘qualified’ or
‘conditional’ depending on project characteristics or attitudes to the technology

(Bell et al., 2005; Ellis et al., 2007).

This relationship between community acceptance of solar farms and the wider
energy policy context is illustrated well by this comment from interviewee 2:
"I think there’s a big problem in the UK with building regulations and how
we use energy. In Faversham, we have around a thousand new homes
being built around the town; none have solar panels on the roof or are

designed with any idea that you could retrofit because of the way they’re
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oriented. It’s cheaper and easier to use a greenfield site, but it’s using up an

environmental space. So it’s a case of I'm not against solar farms, but we

need a far more grown up and integrated approach to energy in total. It’s

the lack of a national integrated approach that bothers me.”
Similarly, interviewee 8 expressed that their views towards Cleve Hill were
intertwined with policy, referring to the UK government’s subsidy cuts for rooftop
solar (Kabir et al., 2018):

"I think it would be better if we use space where there are already

structures, like if you put solar panels on top of houses then you're utilising

the space much better. But if the government aren’t going to support that,

we haven't really got another option.”
We believe the insights offered by these results are a novel contribution to the
literature, showing that community acceptance is not only conditional on the
specifics of a project or views towards the specific technology in question (Ellis et al.
2007), but is also relational i.e. it is deeply intertwined with wider policy context and

the context of which other energy technologies are currently being deployed.

In line with extant research on solar farms (e.g. Nkoana, 2018), we also find that
consultation processes are a noteworthy consideration. Issues relating to ‘trust and
transparency’ (regarding the developer and the Planning Inspectorate) accounted
for 1.3% of codes. For example, online comments described a “misleading and
deceitful public consultation process” and argued that “the procedure followed does
not offer meaningful consultation and tends therefore to create its own momentum,
which is procedurally unjust”. This sentiment was echoed by interviewee 9 who
described the process as “asymmetrical warfare” because they judged that the
developers had greater resources and influence in the planning process than local
people. This shows that as well as the project itself and the wider policy context,
process surrounding planning for large-scale solar farms can be an important factor
shaping community acceptance. This supports other research (e.g. Lee et al., 2018;
Natarajan et al., 2019) which finds that participation in NSIP planning processes

should be made more inclusive of the public and community stakeholders.
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Other online comments highlighted the privatised business model and lack of
community benefits for Cleve Hill (1.9% of codes), commenting there was “no
benefit whatsoever for the local people”. This sentiment also arose in the interview
data, for example interviewee 6:

"I don’t know where the power from this development is going to go, it would

be good if it was consumed locally. Where is the profit going? Where is the

power going? The people of this area will be looking at the solar panels, but

will they have any benefit from it? | think some money should come off the

energy bills of the local people.”
This reveals a perception of unfair distribution of costs and benefits i.e. a
distributional injustice, as well as the procedural injustice noted in the previous
paragraph (Walker, 2009). Another ‘cost’ is the risk of fire from the battery storage
which is a relatively untested technology, accounting for 2.2% of codes (coded
under ‘technology’). This indicates that unjust distribution of costs, risks and
benefits influences community acceptance, supporting existing research which
finds that perceptions of injustice shape responses to RE infrastructure (Tabi and
Wistenhagen, 2017). It also adds to calls on the need for a holistic ‘just transition’
which takes into account the full range of impacts, risks and benefits arising from

the transition to a low carbon society (Heffron and McCauley, 2018).

5.6. Conclusions and recommendations

This paper contributes the first empirical study of community acceptance of a large-
scale solar farm in a densely populated, developed country context. The key
contributions are as follows. Through content analysis of 816 online planning
responses, supplemented with 12 qualitative interviews and participant
observation, we build on the conceptual framework established by Roddis et al.
(2018) to describe the key categories of determinants shaping community
acceptance of large-scale solar farms: aesthetic, environmental, economic, project
details, temporal, social, construction, and process. The latter three categories are
identified in this paper and are thus a new contribution towards the existing

framework. We also identify 28 determinants of community acceptance within
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these eight overarching categories, of which 18 are original contributions. Further
research could test other frameworks for comparison (e.g. Harper et al., 2019) and
draw upon different data sources such as social media content, given there are
limitations to using planning responses as a measure of community acceptance and
our relatively small interview sample size. This type of research could also be
repeated at a different stage of the Cleve Hill project’s lifespan, as our results focus

on the planning stage before the project is actually built.

Another contribution is to highlight the ‘green-on-green’ character of community
acceptance of solar farms. The most frequent concern raised about Cleve Hill in the
online consultation was its potential impacts on wildlife and habitats. Whilst there
is scientific uncertainty regarding impacts of solar farms on wildlife, particularly in
relation to solar farms the size of Cleve Hill and those with an east-west design, it is
clear that the potential conflict was a major determinant of community
(non)acceptance. This indicates that research on the impacts of solar farms on
wildlife should be prioritised by policymakers in order to enhance the evidence base
and increase certainty. This article also raises many issues about how land is best
used to achieve different policy goals including energy generation, wildlife habitat,
agriculture, carbon storage and flood mitigation. In the context of low carbon
transitions, policymakers may need to more strategically plan how land is going to
be used in order to balance these competing goals, potentially drawing upon an ES
approach as suggested by other scholars to identify synergies and trade-offs. This
may involve prioritising rooftop PV installations or solar farms on brownfield sites
to avoid the green-on-green tensions identified in this paper. Despite the UK
government’s previous policy attempts to encourage developments in these
locations (Cowell and Devine-Wright, 2018), lack of subsidies appears to be driving
large-scale proposals such as Cleve Hill, perhaps due to the need for economies of

scale for viability.

This links closely to another key contribution of this article which is to highlight
issues of scale and place attachment as important to community acceptance of

solar farms. The scale of the Cleve Hill project was the second most frequent
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concern identified in the online comments. This connects to many other frequently
raised concerns such as landscape character, visual impacts and recreation, all of
which are intertwined with place attachment. Issues of scale are particularly
important for solar NSIPs because they are designed to fulfil a national need and
have global benefits for the climate, but their impacts are experienced locally.
Policymakers could address these multi-scalar issues by limiting the area of land
that can be used for any one energy development, or by implementing a minimum
MW output/per unit of land area. Alternatively, the total area of land used for energy

production could be capped through spatially explicit strategic planning.

Finally, we highlight the role of policy and process in shaping community
acceptance of solar farms. We find that people’s broader views on energy policy
feed into their views on specific infrastructure projects such as Cleve Hill, which we
describe as a ‘relational’ understanding of community acceptance. This builds on
conceptions of community acceptance as ‘conditional’ or ‘qualified’ depending on
project characteristics or attitudes to that technology (e.g. Bell et al., 2005; Ellis et
al., 2007). This highlights the need for joined-up energy strategy to meet climate
goals which takes account of public acceptance across the whole energy system,
not just isolated aspects of it. We also show that consultation processes are an
important factor, emphasising the need for developers and The Planning
Inspectorate to reconsider their approach to consulting local people and find ways
to make this more inclusive. Another policy approach would be to make more use
of community benefit funds to compensate host communities for the impacts of
solar farms. This would help to more equally distribute the costs and benefits of RE
and has the potential to improve perceptions of justice, though should not be

regarded as a ‘silver bullet’ for community acceptance (Cass et al., 2010).

Whilst our results are inevitably tied to the Cleve Hill case study, they may provide
insights into how communities may respond to other large-scale solar farms. This is
particularly topical given the increasing average capacity of solar farms in GB, as
well as the rising number of solar farm mega-projects around the world. It may also

help to understand acceptance of other RE infrastructure, which is important in the
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context of climate crisis and policy targets to reach net zero emissions. A key
difference between our results and other studies is that potential negative impacts
were much more prominent than positive impacts such as jobs, in contrast to
Carlisle et al. (2014) who found the opposite. In our analysis, the issue of
employment featured in only 0.5% of codes. This is perhaps an indication of the
difference between research elicited from participants in relation to hypothetical
solar farms versus the concerns of communities when faced with the reality of a
proposed project. Whilst this may reflect bias in the people who responded to the
consultation and the topics which tend to arise through invited consultation in
planning processes, it also emphasises the importance of triangulating results from
hypothetical studies with empirical data on community acceptance (ideally via
multiple methods) to provide policymakers with better evidence to make decisions

about the ongoing transition to RE.
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6. Discussion

As outlined in Section 1.3.1, the overarching aim of this thesis is to provide an in-
depth understanding of how public acceptance of RE in GB can be described,
understood and explained. To achieve this aim, the thesis responds to the following

three research questions:

1) What are the key determinants shaping public acceptance of RE in GB?
a. Community acceptance (onshore wind, solar farms)
b. Socio-political acceptance (onshore wind, offshore wind, solar,
bioenergy, wave/tidal energy)
2) Towhatextentdoes publicacceptance of RE (community and socio-political)
influence RE decision-making in GB?
3) What are the implications of the above findings for GB’s low carbon energy

transition?

To answer these research questions, the thesis is guided by four research objectives:

e To identify key determinants of public acceptance of RE in GB (both
community acceptance and socio-political acceptance)

e To develop an interdisciplinary theoretical framework to articulate key
determinants of public acceptance of RE

e Tounderstand the extent to which different dimensions of public acceptance
influence RE decision-making in different contexts in GB

e To critically analyse the findings of the thesis and infer implications for GB’s

low carbon energy transition

This section integrates the findings from the empirical chapters of the thesis
(Chapters 3, 4 and 5) to directly address these research questions and objectives
(which are initially set out in Chapter 1 and supported by the literature review in
Chapter 2). Section 6.1 addresses the first research question and first two objectives,
firstly focusing on onshore wind, secondly on solar farms, then other types of RE;
Section 6.2 then responds to the second research question and the third objective;

and lastly Section 6.3 investigates the third research question and fourth objective.
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6.1. Determinants of public acceptance of RE

The first two objectives of this thesis are to identify key determinants of public
acceptance of RE in GB and to develop an interdisciplinary theoretical framework to
articulate these determinants. These objectives relate to the first research question,
as outlined above. Figure 19 presents a theoretical framework synthesising the key
findings from across the three empirical chapters of the thesis. This framework is the
development of Figure 7, which was created by identifying determinants from
existing literature. This framework was tested on planning outcomes for onshore
wind and solar farms (Chapter 3), public attitudes towards a range of energy sources
(Chapter 4), and online comments and semi-structured interviews on the planning
proposal for Cleve Hill Solar Park (Chapter 5). It was then further developed and
refined taking account of the insights from the analyses across these chapters. The
synthesised framework divides determinants into three categories: those relating to
RE infrastructure, those relating to the impacts of RE, and those relating to the

individual. It is therefore termed the three ‘I’ model for public acceptance of RE.

The original framework (Figure 7) distinguished determinants into the following
eight categories: aesthetic, environmental, economic, project details (classed as
material arguments), demographic, political, temporal, and geographical (classed as
social/attitudinal influences). Chapter 3 found that determinants from all categories
were statistically significant apart from the political category. Chapter 4 found
determinants from all categories to be significant apart from the aesthetic category
(project details were not included as the focus was energy technologies in general
rather than specific projects). However, ‘environmental’ in this case refers to
environmental attitudes (concern for climate change) rather than environmental
impacts of RE infrastructure, leading to ‘environmental attitudes’ being added to the
updated framework. In Chapter 5, determinants were identified for all categories
otherthan demographic, political and geographical (which were not included as this
information was not available for this dataset) plus three further categories: ‘social’,

‘construction’ and ‘process’, which have been added to the updated framework.
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Figure 19. Three 'I' model for public acceptance of renewable energy. Yellow boxes
indicate overall categories of determinants: infrastructure, impacts and individual.
White boxes indicate types of determinant within these overarching ‘I categories.
Solid arrows indicate where this thesis finds strong evidence for a relationship;
dashed lines indicate where it finds some evidence but further research is required.

The three 'I' model maintains seven of the eight original categories, plus four
additional types of determinants, leading to 12 broad types of determinant within

the three overarching ‘I’ categories. The ‘political’ determinant is removed as this
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thesis does not find persuasive evidence for this shaping public acceptance of RE. It
is replaced by ‘views on energy system’ which incorporates the insight from Chapter
5 that public acceptance of RE is relational i.e. embedded within people’s views and
perceptions of the energy system as a whole. Temporal determinants identified in
Chapter 5 (heritage and legacy) are reframed in the three ‘I’ model as social
determinants under the impacts category as this is a better fit with the updated
typology. The updated framework removes the classification of material arguments
and social/ attitudinal influences in favour of the three ‘I' classification as this
provides greater nuance and description of what each category refers to. The arrows
indicate which dimension of acceptance (community or socio-political) is influenced
by each determinant type, with dashed arrows indicating where the thesis finds
some evidence but where further research is required. Definitions and examples of

each determinant type and the thesis’ relevant key findings are provided in Table g.

The creation of the three ‘I’ model responds to calls from scholars such as Patrick
Devine-Wright for an integrated framework which moves beyond NIMBYism and
takes account of the multiple variables which influence how energy technologies are
perceived and accepted (2005). Devine-Wright proposes a three-fold framework:
personal factors (e.g. age, gender); social-psychological factors (e.g. environmental
beliefs, place attachment); and contextual factors (e.g. spatial context) (2007). Dan
van der Horst (2007) proposes a three-layered model of acceptance which
distinguishes between: opposition to the technology in general (e.g. anti-wind);
opposition to the planning process (anti-process); and opposition to other project
aspects (anti-project). More recently, Hilary Boudet (2019) proposed a four-fold
framework incorporating technology, people, place, and process. Each of these

models have contributed to improved understandings of public acceptance of RE.

This thesis builds on and proposes an alternative to these frameworks, adding
greater detail on specific types of determinants and demonstrating its value through
empirical testing. It also adds the useful distinction between the infrastructure itself
and the impacts of that infrastructure, as well as the role of individual factors.

Additionally, it connects to Wistenhagen et al’'s (2007) ‘triangle of social
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acceptance’ (Figure 5), thereby maintaining this well-known and well-accepted
conceptual framing rather than re-inventing the wheel. As discussed by Upham et
al. (2015), there is a tension between simplicity for non-specialists and academic
complexity when designing theoretical frameworks on public acceptance. Following
their view that ‘it is preferable to set out even a simple framework rather than leave
those new to the literature to make their own sense of it over time’ (2015, p. 101),
the three ‘I’ model seeks to maximise accessibility (e.g. to policymakers), as well as

being grounded in robust academic research, in order to promote rigour and uptake.

Another key advantage of the three ‘I' model is that it incorporates multiple
disciplinary perspectives including energy geography, energy justice, environmental
psychology and ES, as well as being informed by the wider public acceptance
literature. This enables it to capture a wide range of determinants which stem from
different conceptual backgrounds and academic traditions, so are therefore rarely
combined within a single framework. In empirical studies, this means it is difficult to
identify the relative importance of these determinants or how they might interact
with one another. By taking an interdisciplinary approach, the three ‘I’ model thus
responds to calls for a broader, more integrated approach to energy governance
which recognises the range of cross-cutting issues which intersect with energy
(Florini and Sovacool, 2011). Following Upham et al. (2015), broad relevance and
pragmatism is prioritised over strict subscription to any particular theoretical
perspective, acknowledging the value in deploying multiple perspectives and
integrating knowledge. The three ‘I’ framework could usefully be employed in future

research to test its wider applicability and potentially further developed and refined.
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Table 9. Definitions/examples of determinant types identified in the three I’ model
of public acceptance of renewable energy, and key evidence from the thesis to
support the inclusion of these determinant types in the three ‘I’ model.

Category Determinant | Definitions/examples Key evidence in thesis

Infrastructure | Project details | Scale, design (e.g. Chapter 3: installed
orientation, turbine size), capacity, turbine size.
business model (e.g. Chapter 5: comments
ownership), end-of-life on project details.

Construction | Traffic, noise pollution, air Chapter 5: comments
pollution, light pollution on construction.

Process Trust and transparency, Chapter 5: comments
mitigation measures, on process. Interview
alternative options data on NSIP process.

Impacts Aesthetic Scenic areas e.g. AONBs, Chapter 3: National
wildness, landscape Parks, visibility of
character, land cover, infrastructure. Chapter
glint/glare 5: comments on

aesthetic impacts.

Environmental | Biodiversity/habitats, Chapter 5: comments
flooding, carbon (emissions | on environmental
and sequestration) impacts.

Economic Agriculture, tourism, Chapter 3: agricultural
employment, property grade. Chapter 4: jobs.
values Chapter 5: comments

on economic impacts.

Social Recreation, heritage, Chapter 5: comments
legacy, health and well- on social impacts.
being, place attachment

Individual Demographics | Age, gender, social class, Chapter 3: deprivation.
social deprivation Chapter 4: age, gender.

Environmental | Concern for climate change, | Chapters 4/ 5: concern

attitudes belief in nature protection for climate change.

Temporal Familiarity effect/exposure, | Chapter 3: year.

context Shifting Baseline Syndrome | Chapter 4: year, SBS.

Geographical | Country, region, population | Chapter 4: urban/rural.

context density, urban/rural Chapter 5: interview
dwelling data on local context.

Views on Views on wider energy Chapter 5: interview

energy system | system e.g. energy strategy, | data, comments on
alternative policy options. alternative options.
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6.1.1. Determinants of public acceptance of onshore wind

Chapter 3 analysed planning decisions as an indicator of the determinants shaping
community acceptance of onshore wind and solar farms. For onshore wind, the size
of the turbines was found to have the strongest effect, with larger turbines more
likely to be approved (Figure 20). However, larger overall wind farms in terms of
installed capacity were less likely to be approved. If we take planning outcomes to
be an (albeitimperfect) indicator of community acceptance, this suggests that fewer
largerturbines are more acceptable than many small turbines. This seems to support
conclusions from existing research (e.g. Wolsink, 2000) that visual impact is the
single strongest determinant, as fewer turbines will have less of an overall visual
impact. Although turbine size was categorised as ‘project details’, this result
therefore overlaps with the ‘aesthetic’ category. This highlights that the categories

presented in the three ‘I’ model are interlinked and may sometimes be overlapping.
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Figure 20. Characteristics of planning applications for onshore wind in Great Britain
(1990 — 2017) making them more/less likely to achieve planning success with a 95%
confidence level. Bars represent odds ratios (ORs), indicating how the odds of
planning success increase or decrease based on a one unit increase in the variable
score. ORs above 1 indicate that applications are more likely to be approved as the
variable score increases; ORs below 1 indicate that applications are less likely to be
approved as the variable score increases.
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Other aesthetic variables were also found to have a significant positive effect:
distance to National Parks, remoteness, and visibility of existing infrastructure. As
highlighted by Harper et al. (2019), who conducted a similar study and found a
similar result regarding National Parks, this result is weaker than might be expected
given that landscape concerns have been so prominent in the discussion around
public acceptance of onshore wind. Harper et al. (2019) also found distance to Areas
of Outstanding Natural Beauty (AONB) to be a significant predictor, in contrast to
the findings of this thesis which found it to be slightly short of statistical significance
at the 95% confidence level (p < 0.1). This may suggest that whilst visual impacts and
landscape concerns are important, they are not strictly tied to designated ‘scenic’
areas and are more related to places which communities are attached to and
perceive as aesthetically valuable. Furthermore, as Toke (2005) highlights, there is
often overlap between landscape factors and other concerns such as perceived
impacts on tourism, particularly in areas which rely on this industry. Thus, whilst
aesthetic issues are clearly important, they should not be considered in isolation,

again highlighting the interaction between the categories of the three ‘I’ model.

Notably, the only demographic variable in Chapter 3's analysis found to be
significant was social deprivation, as measured by the Townsend Index. This showed
that areas of lower deprivation were more likely to approve onshore wind than areas
of higher deprivation. This contrasts with findings from other studies, such as van
der Horst and Toke (2010) who conducted a similar analysis for onshore wind in rural
areas of England between 1991 and 2006. They found that indicators such as higher
life expectancy, higher likelihood of voting in national elections, and lower exposure
to crime (all associated with wealthier, less deprived communities) were associated
with lower planning approval for onshore wind. One explanation for this is the scale
at which the analyses were conducted: while this thesis uses LAD given that this is
the decision-making level of planning decisions, van der Horst and Toke (2010) use
Lower Super Output Area (LSOA) to account for more locally specific variables. This
could mean that at a very local level, wealthier communities are relatively more able
to oppose unwanted land uses; however in absolute terms, onshore wind is most

likely to be located in wealthy LADs (Figure 21), perhaps due to the higher affluence
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in rural areas of GB where onshore wind is technically most suitable. This may help
to explain the political backlash against onshore wind in GB (Devine-Wright and
Cowell, 2018), as wealthy communities are more able to organise against unwanted

land uses and tend to have greater political influence (van der Horst and Toke, 2010).

W | (least deprived) M2 ®m3 ®4 H5 (mostdeprived)

Figure 21. Pie chart showing the distribution of approved onshore wind applications
(1990 — 2017) across quintiles of social deprivation in Great Britain (n = 728), as
measured by the Townsend Index. Lighter shades indicate lower deprivation.

Chapter 4 investigated socio-political acceptance of onshore wind as part of the
analysis of the PAT dataset. In contrast to Chapter 3 which generally did not find
demographic characteristics of LADs to be important predictors, this analysis found
that some of the strongest predictors of support for onshore wind were
demographics. The finding that younger people and women were more likely to be
supportive of onshore wind are consistent with existing literature and the thesis’
research hypotheses. Finally, Chapter 4 also found employment in the RE sector to

be a significant predictor for onshore wind, with people living in regions with higher
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RE employment more likely to be supportive. This is an important contribution to

the public acceptance literature as there is little empirical evidence in this area.

6.1.2. Determinants of public acceptance of solar farms

For solar farms, the analysis in Chapter 3 found that the strongest effect on planning
outcomes was the grade of agricultural land (Figure 22). For example, planning
applications on non-agricultural land were on average 4.5 times more likely to be
approved than those on the best quality agricultural land. This suggests that
communities are less accepting of solar farm developments which conflict with food
production or which alter traditional rural landscapes. Chapter 5 further explores
community acceptance of solar farms via the case study of Cleve Hill Solar Park.
Similarly, it finds that one of the most frequent objections to the project was the
landscape character of the proposed site. Much like onshore wind, concerns about

landscapes thus appear to be pivotal in community public acceptance of solar farms.

Interestingly however, Chapter 5 found that the most frequent online comment
made by the public on the Cleve Hill planning proposal was about biodiversity and
habitats. This contrasts with the findings of Chapter 3, which did not find variables
relating to biodiversity to be strong predictors. In fact, the proximity to SACs
actually had a small but positive affect on the likelihood of approval, through this
may be more to do with the type of rural, countryside location where solar farms are
best suited (and which are mostly likely to host SACs). These findings indicate that
although there is lack of scientific certainty on the impacts of solar farms on
biodiversity and these concerns do not appear to be reflected in planning outcomes,
there is a strong public perception of risk to wildlife. This is likely to be further
exaggerated as further large-scale projects come forward, and projects with novel
east-west designs. This highlights that perceptions may differ from actual impacts,
raising difficult questions about the extent to which public acceptance should sway
decision-making. However, it is clear that the potential for harm to wildlife is an

important issue for the public which may need to be addressed in public relations.
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Figure 22. Characteristics of planning applications for solar farms in Great Britain
(1990 — 2017) making them more/less likely to achieve planning success with a 95%
confidence level. Bars represent odds ratios (ORs), indicating how the odds of
planning success increase or decrease based on a one unit increase in the variable
score. ORs above 1 indicate that applications are more likely to be approved as the
variable score increases; ORs below 1 indicate that applications are less likely to be
approved as the variable score increases. Categorical variables are compared to a
reference or ‘baseline’ category.

After concerns around biodiversity and habitats, the scale of the proposed Cleve Hill
project was the second most frequent theme identified in the content analysis of
online comments. This shows that the physical scale of solar farms is a key influence
on community acceptance. Indeed, Chapter 3 found that smaller solar farms
(measured by installed capacity) were more likely to be approved, the same as
onshore wind. As discussed in Chapter 5, the online comments and associated
interviews with local residents were very pejorative about the scale of Cleve Hill, for
example describing it as “ridiculously enormous” and “very intrusive height and
expanse”. This might be because large-scale projects are typically associated with
centralised, government-led energy systems whereas small-scale projects are
indicative of a more decentralised, distributed approach involving a broader range

of actors such as community groups or local landowners such as farmers.
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Indeed, the business model of Cleve Hill (a private company led project) was also
identified as a notable theme in the content analysis. As Bridge et al. (2013) write,
‘the social meaning of renewable energy technologies varies considerably
depending on the geographical scale of their deployment as well as the manner or
mode in which they are deployed’ (p. 338). The fact that scale is an important
predictor may therefore also be linked to the mode of deployment (e.g. private or
community/co-operatively owned), as well as relating to the infrastructure itself and
its associated impacts. Again, this emphasises that categories in the three ‘I’ model

are not always distinct and there is often crossover between different aspects.

Interestingly, in a direct contrast to the findings around onshore wind, Chapter 3
found solar farms to be more likely to be approved in areas of higher deprivation
(Figure 22). This finding is somewhat difficult to interpret but may suggest that solar
farms are more of an unwanted land use than onshore wind, which would be a novel
contribution to the existing literature. This rests on the assumption that wealthy
communities are more able to successfully oppose unwanted developments due to
higher social capital (Rydin and Pennington, 2000), and/or that less wealthy
communities are more accepting of energy infrastructure (van der Horst, 2007).
Importantly, as with onshore wind, when considered in absolute rather than relative

terms, solar farms are more likely to be located in less deprived areas (Figure 23).

Therefore, we cannot conclude that solar farms will necessarily become clustered in
more deprived communities and thus provoke the attendant issues around energy
justice discussed in Chapter 3. However, it may indicate that this could happen in
future if the trends identified in Chapter 3 around social deprivation continue,
though this would also mean that onshore wind would continue to be deployed in
more wealthy communities which would help to balance distribution of impacts. The
combination of a justice lens and an ES lens is useful here as it helps to articulate the
impacts of RE infrastructure felt by communities (e.g. cultural ES provided by
landscapes, provisioning ES provided by land for agricultural production), helping to
avoid simplistic accusations of NIMBYism or self-centred protection of local places.

This demonstrates how ES can provide a valuable lens for public acceptance of RE.
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Figure 23. Pie chart showing the distribution of approved solar farm applications
(1990 — 2017) across quintiles of social deprivation in Great Britain (n= 1276), as
measured by the Townsend Index. Lighter shades indicate lower deprivation.

6.1.3. Determinants of public acceptance of other types of RE

As well as the findings on community acceptance of onshore wind and solar farms,
this thesis also contributes insights into socio-political acceptance of other types of
RE. Specifically, Chapter 4 analyses public attitudes measured by the PAT towards
RE (in general), onshore wind, offshore wind, biomass, wave/tidal and solar (plus
nuclear and fracking, though it is acknowledged that the analysis of these is not
comprehensive). Consistently, it finds that the strongest predictor of support for all
of these energy sources is concern for climate change. Higher concern is associated
with greater likelihood of support for RE sources, and lower likelihood of support for
nuclear and fracking (which were included in the analysis as the PAT contained
comparable data). As concern for climate change increases (see Figure 29 in

Appendix 2), and social movements such as Extinction Rebellion and ‘School Strikes
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4 Climate’ raise awareness and public concern for climate change, it seems likely

that the trends in support for RE, nuclear and fracking will continue to diverge.

Another important finding of this thesis in relation to other types of RE is the role of
demographics in predicting support for different energy sources. After concern for
climate change, this was the strongest and most consistent predictor identified in
the analysis of the PAT. Nuclear and fracking were both more likely to be supported
by older people, men and people in higher social grades (Figure 12). The exception
to this trend was that 16-24 year olds were more likely to strongly support fracking
than the reference category of 65+ years. This may be explained by lower risk
aversion in this age group, or the potential opportunity of employment in the
fracking sector. In general however, younger people were more likely than 65+ years
to support RE, with this result most pronounced for offshore wind (see Figure 12).
The findings around gender suggest that women were (slightly) more likely to
support all types of RE other than solar, for which no statistically significant trend
was identified. This adds important evidence to the public acceptance literature

which has inconsistent findings around the effects of gender (Bertsch et al., 2017).

Interestingly, unlike the results of Chapters 3 and 5, the analysis of the PAT did not
show aesthetic determinants to be a significant predictor with the exception of
wave/tidal energy (though this correlation may be spurious given the very low
deployment of wave and tidal energy in GB). The aesthetic variable included in the
regression analysis was percentage visibility of energy infrastructure in the survey
respondent’s region, estimated using GIS viewshed modelling. However, this was
perhaps too coarse a geographical scale to identify meaningful aesthetic effects.
Whilst this thesis can therefore offer some insights into public acceptance
determinants of RE types other than onshore wind and solar farms, this topic would
benefit from further investigation, particularly to gain insights into determinants of
community acceptance as this thesis only considers acceptance of other types of RE

at the socio-political level.
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6.2. Decision-making and public acceptance of RE

The third key objective of this thesis is to understand the extent to which different
dimensions of public acceptance influence RE decision-making, relating to the
second research question: To what extent does public acceptance of RE (community
and socio-political) influence RE decision-making in GB? To address this question, the
thesis has considered the influence of public acceptance on decision-making in
different contexts in GB: local planning decisions (Chapter 3), national policymaking
(Chapter 4), and national planning processes under the NSIP regime (Chapter 5).

Table 10 summarises the key findings of the thesis in relation to these contexts.

Table 10. Matrix showing the influence of public acceptance on RE decision-making
in different contexts in Great Britain

Local planning National National planning
policymaking
Community | Acceptance variables | Lack of community | Community acceptance
acceptance have some predictive | acceptance may lead | may play a role but
power for planning to national policy NSIPs are underpinned
decisions for onshore | changes e.g. cuts/ by a presumption of
wind and solar farms | removal of subsidies | national need, making
(Nagelkerke R2 =26% | for onshore wind local opposition less
and 13% respectively) | and solar farms likely to be effective
Socio- Solar is the most Public support for RE | National planning is
political popular energy source | is not strongly underpinned by policy
acceptance | i the PAT and has reflected in UK statements identifying
higher planning government policy; | sectoral strategies; the
acceptance rates fracking and nuclear | public were consulted
(81%) compared to are supported by UK | but statements are now
onshore wind (57%); government despite | institutionalised so are
this may suggest that | low public support; assumed to have socio-
socio-political Scottish and Welsh political acceptance;
acceptance minimises | governments appear | the public can only
local opposition to RE | more responsive to | engage on a case-by-
planning proposals public opinion case project basis

6.2.1. Community acceptance

The type of relationship most commonly discussed in public acceptance of RE
literature and within policy discourse is the top-left of Table 10: the relationship

between community acceptance and local planning (e.g. Aitken et al. 2008). This
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refers to the role of local communities in planning decisions, which is explored in this
thesis in Chapter 3. The results of this chapter show that variables related to
community acceptance of onshore wind and solar farms had some predictive power
over planning outcomes for these types of RE in GB between 1990 and 2017,
approximately 26% and 13% respectively. It can’t be ruled out that these were not
driven by other planning considerations (such as the national policy to protect the
‘best and most versatile’ land) or by other pressure groups or organisations who
engage with planning processes such as landscape and wildlife protection groups.
However, the indication from these results and other studies (e.g. Liljenfeldt and
Pettersson, 2017; van der Horst and Toke, 2010) is that communities can have an
effect on planning outcomes amongst other factors (e.g. Harper et al., 2019),

although other studies do find this effect to be limited (e.g. Aitken et al. 2008).

Lack of community acceptance of RE infrastructure matters because it extends the
time taken for RE projects to progress through the planning system, orin some cases
prevents them all together (Eltham et al, 2008; Wilson and Dyke, 2016).
Additionally, evidence suggests that frequent planning refusals (which can be a
result of public opposition) increases development costs, which may deter the
investment needed to deliver RE at the necessary pace and scale (RenewableUK,
2015). Furthermore, in some cases it may have a broader influence on national
policymaking (top-centre, Table 10). For example, onshore wind caused much public
controversy in GB at the local level, leading to statements in the UK Conservative
Party’s 2015 election manifesto to ‘halt the spread of onshore wind farms’ (Murray
and Shankleman, 2015). Following the Conservative’'s electoral success, changes
were made to the planning process whereby full control over decision-making for
onshore wind was devolved to local planning authorities, including for large-scale
(50 MW+) projects which were previously classified as NSIPs and therefore decided
centrally (Cowell and Devine-Wright, 2018). Additionally, all onshore wind proposals
must be located in designated sites in a local or neighbourhood plan and be able to
demonstrate the backing of the community (Cowell and Devine-Wright, 2018). This

shows that community acceptance can sometimes influence national policymaking.
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However, it isimportant to note that this influence does not occur in all cases where
infrastructure is controversial at a local level (Rootes, 2013). For example, Grubb and
Newbery (2018) argue that the UK Conservative Government’s changes to onshore
wind policy were a ‘political ban’ designed to appeal to affluent, rural constituencies
who are likely to vote Conservative. Indeed, if we consider this in the context of the
demographic findings from Chapter 4, we can see that the demographic most likely
to vote Conservative (older people) are substantially less likely to support onshore
wind, suggesting that the Conservatives designed this policy to appeal to their base.
Chapter 4 also shows that onshore wind is less likely to be supported in rural areas,
supporting this hypothesis. This suggests that community acceptance is more likely
to influence policymaking when there is a wider political benefit to decision-makers.
It is possible that cuts in subsidies for solar farms (Burke, 2015) was motivated by a
similar rationale (Figure 13), possibly to pre-empt the same kind of backlash against

solar farms as experienced by onshore wind in Conservative-voting rural areas,.

The relationship depicted in the top-right of Table 10 is between community
acceptance and national planning processes such as the NSIP regime. NSIPs were
established under the Planning Act 2008 with the intention of streamlining planning
for major infrastructure, thereby making it ‘fairer and faster’ (Planning Inspectorate,
2016). The NSIP regime is underpinned by National Policy Statements (NPSs), which
set out the UK Government’s objectives for the development of nationally
significant infrastructure in a particular sector. Therefore, although NSIPs must
adhere to the robust planning regulations and environmental assessments which
apply to any infrastructure development, there is an underlying presumption of
national need. The case study of Cleve Hill in Chapter 5 demonstrates that the public
can engage with NSIP planning processes in a number of ways: through making
online representations, through attending and contributing to public hearings, and

by organising campaigns to mobilise a broader public. However, despite these

4In March 2020, subsidies for onshore wind were reinstated by the UK Conservative Government
under the Contracts for Difference (CfD) scheme (Pickard, 2020). Solar farms can also apply for CfDs,
the cuts in subsidies referred to here are the Renewables Obligation (RO) and Feed-In Tariffs (FiTs).
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activities, the Planning Inspectorate recommended the application was approved in

February 2020 and was ultimately approved by the Secretary of State in May 2020.

The official letter outlining the Secretary of State’s decision does acknowledge that
local residents had a number of concerns including landscape and visual effects,
biodiversity conservation and cultural heritage which were given weight in the
‘planning balance’ i.e. the decision-making process. However, it states that ‘the
Secretary of State has considered all the merits and disbenefits of the proposed
Development and concluded that, on balance, the benefits of the Development
outweigh its negative impacts’ (BEIS, 2020, p. 37). This is despite the conclusion that
‘there would be no significant positive economic effect in the region’ (BEIS, 2020, p.
20). The main reason given for granting the application was that the Overarching
NPS for Energy (EN-1) gives support to renewable electricity generating stations,
which although does not explicitly refer to solar farms or battery storage facilities
was deemed to extend to these technologies. Land use effects were not deemed to
be significant as the land around and under the solar panels would be planted with

wildflowers and grazed by sheep, which was considered would improve biodiversity.

Some changes to the application were made during the planning process which
seem to respond to concerns raised by the community. These include changing the
proposed standalone battery storage system to a containerised proposal to reduce
fire risk and reducing the number of access routes to the site from two to one. This
relatively minor effect on decision-making aligns with other research on energy
NSIPs highlighting the highly circumscribed role that local publics play in NSIP
planning processes (Natarajan et al., 2018) and the low likelihood of influencing a
decision because of the strength of political and policy backing (Johnstone, 2014).

Thus, it appears communities have limited influence on national planning decisions.

6.2.2. Socio-political acceptance

In terms of socio-political acceptance, there is less of a direct mechanism between

the public and RE decision-making processes. Rather, as highlighted by Wolsink
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(2018), socio-political acceptance sets the broader conditions for energy decision-
making. The bottom left of Table 10 refers to the relationship between socio-
political acceptance and local planning decisions. The findings of this thesis suggest
there is perhaps some relationship between more socio-politically acceptable
energy sources and increased likelihood of planning success. For instance, Chapter
4 shows that solar is the most socio-politically accepted energy source (mean 82.%
between 2012 and 2018) and Chapter 3 shows solar to have relatively high planning
acceptance rates (81% between 1990 and 2017). Correspondingly, onshore wind has
lower socio-political acceptance (mean 68.1% between 2012 and 2018) and lower
planning acceptance rates (57% between 1990 and 2017). This potentially indicates
that socio-political acceptance minimises local opposition to RE planning proposals,
perhaps due to being a less ‘stigmatised’ technology. This is supported by the finding

in Chapter 5 that people take social cues from their peers to construct their views.

The effect of socio-political acceptance on national policymaking (bottom-centre of
Table 10) also appears limited. For instance, as shown in Chapter 4, UK Government
policy does not reflect the trends in public attitudes for RE, nuclear and fracking. In
fact, over the time period of the chapter’s analysis (2012 to 2018), UK policy moved
away from RE and towards nuclear and fracking (Barnham, 2017), although UK
energy minister Kwasi Kwarteng recently commented that ‘fracking is over’ in the
UK (Cockburn, 2020). Therefore, although measures of socio-political acceptance
such as the PAT survey are reportedly frequently drawn on by decision-makers
(Batel and Devine-Wright, 2015), the actual role they play in decision-making
processes is unclear. Indeed, the rationale given for removing subsidies for onshore
wind given by the UK Government in 2015 was that “we are reaching the limits of
what [...] the public is prepared to accept” (DECC, 2015). However, the PAT shows
that support for onshore wind was in fact increasing over this time (2012-2018). This
suggests that community acceptance (along with other political motivations) are a

much stronger influence on national policymaking than socio-political acceptance.

However, the devolved administrations of GB (the Scottish and Welsh governments)

indicate a slightly different trend. For example, Chapter 4 found there to be notably
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lower than average support for nuclear and fracking in Scotland and the
development of both of these technologies are effectively banned by the presiding
Scottish National Party (SNP) (Carrell, 2019; Scottish Government, 2020). This may
suggest that the Scottish Government are more responsive to public opinion than
the UK Government. However, Scotland was also found to have lower than average
support for RE technologies and the SNP has generally created a supportive policy
environment for RE, which runs counter to this hypothesis. The Welsh Government
has also imposed a moratorium on fracking, taking account of low public support,
though continues to support nuclear despite below average support. However, this
may be a reflection of the greater devolution of planning powers to Scotland than to
Wales; UK Government policy therefore has greater influence over the Welsh than
the Scottish planning system. Further geographically contextual and political-
science informed analysis would be beneficial here, exploring the role of politics,

devolution and the rise of populism in various contexts on RE decision-making.

Finally, the bottom-right of Table 10 shows the relationship between socio-political
acceptance and national planning processes. As previously noted, the NSIP regime
is underpinned by NPSs which set out the UK Government’s objectives for the
development of nationally significant infrastructure in a particular sector. The
Overarching NPS for Energy (EN-1) and the NPS for Renewable Energy
Infrastructure (EN-3) were adopted in 2011 and followed the UK Government’s
standard public consultation process, whereby members of the public were able to
feed in their views by responding to pre-set questions. The UK Government’s
response shows that some minor technical changes were made to the NPSs
following this consultation process (DECC, 201143, p. 154). However, once adopted
the statements remains in force unless the UK Government decides to withdraw or
suspend it (DECC, 2011b). This demonstrates that there is no formal ongoing
opportunity for the British public to influence national planning processes for RE

infrastructure other than by engaging on a case-by-case basis on specific projects.

This is described by Matthew Cotton as the ‘depoliticisation’ of infrastructure

planning with the aim of speeding up low carbon transition processes (Cotton, 2018).
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He argues that ‘it creates opportunities for a rescaling of politics that allows central
authorities to impose unwanted site selection, diminishing the capacity for
communities to oppose unjust environmental decisions through dialogue and
facilitated exchange within an appropriate space of engagement’ (2018, p. 252). For
example, the ‘Save Graveney Marshes’ campaign opposing Cleve Hill decided to
take their campaign to the UK Parliament (Figure 24) by arranging a Parliamentary
debate and press conference in an attempt to re-politicise the decision-making
process. As Cotton highlights, this is an example of what public participation scholar
Jason Chilvers terms ‘uninvited forms of engagement [...] pushing citizens into direct
action and vocal social movements of opposition as their political power in formal,
invited spaces of engagement diminishes’ (Cotton, 2018, p. 253). This shows that as
well as the avenues identified in this thesis, public acceptance may also engage with
and influence decision-making in spontaneous and unexpected ways, supporting
the description of public engagement in energy transitions as diverse, co-produced
and emergent rather than institutionally pre-defined (Chilvers and Longhurt, 2016).
It remains to be seen the extent to which this type of activity will influence RE

decision-making, something which could be valuably explored in future research.
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Figure 24.'Save Graveney Marshes’ campigners opposing Cleve Hill Solar Park with
local MP Helen Whateley (third from right) outside UK Parliament (Davis, 2019)
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6.3. Implications for GB’s low carbon energy transition

The fourth and final objective of this thesis is to critically analyse the findings of the
research and infer implications for GB’s low carbon energy transition. This section
does this first by considering implications for energy policy and project design
(Section 6.3.1); then by exploring implications for decision-making processes
(Section 6.3.2); and finally by delineating implications for theories of public

acceptance and possible applications of the three 'I' framework (Section 6.3.3).

6.3.1. Implications for energy policy and project design

The findings of this thesis have implications for how RE projects can be designed in
a way that is sensitive to public preferences. Chapter 3 of the thesis provides insights
into the types of onshore wind and solar farms that are most likely to be accepted
by communities. It finds that a key issue is project scale, with smaller projects more
likely to be accepted than larger ones. This is supported by the findings of Chapter 5
which found project scale to be a major concern regarding Cleve Hill Solar Park. This
is interconnected with other issues such as place attachment, loss of land for

recreation, and green-on-green impacts which are exacerbated by larger projects.

Interestingly, Chapter 3 found that whilst smaller overall projects were more likely
to be accepted, smaller individual wind turbines were less likely to be accepted. In
other words, larger wind turbines (i.e. the capacity of the individual turbines) were
more likely to be accepted than smaller ones. This suggests that fewer larger
turbines are perhaps more acceptable to communities than wind farms with many
small turbines. A possible explanation for this is the visual impact of individual

turbines is lower than multiple turbines, thereby reducing the loss of visual amenity.

Another explanation for these findings could be that large-scale projects are
typically associated with centralised, government-led energy systems whereas
small-scale projects are indicative of a more decentralised, distributed approach
involving a broader range of actors. As discussed in Section 6.1.2., the ‘social

meaning’ of RE technologies can be shaped by ‘the manner or mode in which they
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are deployed’ (Bridge et al., 2013, p. 338). Thus, a possible implication is that smaller
scale projects are more likely to be accepted because of the ownership of projects,

suggesting that community ownership should perhaps be prioritised by policy.

For solar farms, Chapter 3 found that the grade of agricultural land was another
significant variable affecting planning outcomes. Whilst this was not identified as a
prominent concern in Chapter 5 regarding Cleve Hill, impacts on landscape
character was a common concern raised in the online comments. This indicates that
for solar farms, impacts on land use are an important consideration when designing
projects that are sensitive to public preferences. Regulations on the amount of land
that can be used for a single energy project could potentially be beneficial, and/or
the types of land that are available for energy development. For example,
brownfield sites and former industrial sites could be prioritised for solar farm
development over greenfield sites and high-grade agricultural land (or these types
of land could be excluded from solar farm development). Alternatively, rooftop solar
PV could be prioritised over ground-mounted PV in order to avoid land use conflicts.
An ES approach may be helpful here to inform energy planning and to strategically

plan how best to use land to manage synergies and trade-offs (Holland et al., 2016).

Impacts (and potential impacts) on biodiversity were also identified by Chapter 5 as
an important consideration for solar farm design. This could also be addressed by
establishing guidance or regulation on types of land available for solar farm
development, for instance excluding land adjacent to protected areas for
biodiversity. Importantly, NSIPs are currently exempt from the requirement to
deliver ‘net gain’ for biodiversity which may be exacerbating this issue and should
potentially be reconsidered (ENDS, 2020). Further research is required into the
ecological impacts of solar farms to determine how best to achieve biodiversity net

gain in this context, particularly for novel east-west panel designs such as Cleve Hill.
Finally, whilst not necessary a ‘silver bullet’ (Cass et al., 2010), community benefit

funds can be an important aspect of project design for enhancing public acceptance

of RE and more evenly distributing costs and benefits. All energy infrastructure
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inevitably entails some impacts and is therefore likely to attract some level of public
opposition. To redress the balance between local impacts and national and/or global
benefits, community benefit funds could be mandated for all RE projects above a
certain size e.g. NSIPS (which are over 5o MW by definition) or which receive
subsidies such as a Contract-for-Difference (CfD): the UK's current main RE subsidy
mechanism. This may help to improve perceptions of fairness of RE transitions and

thereby facilitate a smooth, rapid and just transition that is acceptable to the public.

6.3.2. Implications for decision-making processes

The thesis also holds implications for how RE decision-making processes operate.
Chapter 4 demonstrates there is a divide between public preferences for GB’s low
carbon transition and the preferences of policymakers steering this transition. This
is a problem because it may erode trust in decision-making institutions and damage
the social license of energy industries to operate if the public perceive themselves as
being ignored. There are also normative rationales for pursuing energy policies in
line with public preferences, as discussed in Section 1.3.2. Thus, there is a need to

address this gap between public preferences and the direction of UK energy policy.

One way in which this could be achieved is through the introduction of deliberative
processes into energy policymaking and planning in order to provide a forum for
public debate. At present, there is a lack of opportunity in the UK planning system
for ‘democratic discussion of how the fundamental societal objectives that underlie
proposed developments can be achieved’ (van der Horst, 2007, p. 2713). As Roberts
and Escobar (2015) demonstrate in relation to onshore wind, deliberation can help
to moderate extreme views and increase understanding of the trade-offs involved in
decision-making surrounding low carbon transitions. It also has to potential to make
planning and policy decisions more reflective of public preferences, though it is
acknowledged that there is not necessarily a guarantee in this regard. Positive
examples of this are the UK Climate Citizen’s Assembly held by six House of

Commons’ Select Committees in 2020 and the Leeds Climate Change Citizens’ Jury
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held in 2019 by the Leeds Climate Commission, which gathered representative

samples of the population to deliberate on climate and energy policies (Scott, 2019).

This type of initiative is additionally valuable as the results of the thesis suggest that
some sections of the public are having a stronger effect on energy policy than
others. Chapter 4 found that young people and women were more likely to support
renewables, while older people, men and higher social classes were more likely to
support nuclear and fracking. It is perhaps not a coincidence that this demographic
group has the most similar views to the UK’s energy policy, given the lack of diversity
in the energy sector (Laville, 2019). As well as emphasising the value of deliberative
decision-making processes which are inclusive of multiple perspectives, this also
highlights the need to have people of all social backgrounds in the top energy jobs

so that decisions are more representative of the whole of society and its preferences.

Finally, the thesis indicates a need to address how less powerful stakeholders are
engaged in decision-making processes to ensure that RE infrastructure does not
becomes a new form of uneven development across social groups, with attendant
issues of distributive and procedural justice. Deliberative processes whereby
members of the public are randomly selected to participate may help to balance
uneven capacity to engage in decision-making processes across social groups, as
discussed in Chapter 3 in relation to local planning. However, this would need to be
compensated in s