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Glossary 
 

 

 

Business model - The way that an organisation generates income or value from its activities 

e.g. the income organisation earns from selling goods, delivering contracts, selling 

subscriptions, selling/ running franchises, charging fees etc. 

 

Community - Used here to include communities of place (a neighbourhood, estate or region) 

but not of interest (people with common characteristics or common needs eg. sport or hobby 

associations). 

 

Co-operative - An autonomous association of persons united voluntarily to meet their 

common economic, social, and cultural needs and aspirations through jointly owned and 

democratically controlled enterprise.  Any surplus is usually invested back into the 

organisation to provide better services and facilities. 

 

Equity – Ownership of a company that is bought and sold in order to provide capital for a 

growing company, with all payments deferred to the investors until time of sale. Equity 

appreciates and depreciates based on the company’s value. 

 

Feasibility study- A study that answers the questions:  i) Is the project desirable? (from all 

stakeholders points of view)? ii) Can the project be accomplished? (from a legal point of 

view and with the time and resources available) and iii) Is the project viable? (will it cover its 

costs and make a surplus over a defined period). 

 

Grant – Donation without expectation of repayment, but with expectations of social or 

environmental returns. 

 

SME – Small to Medium Enterprise, often defined as a business with at least 30% local 

ownership and less than 200 employees. 

 

Social enterprise – A for-profit, not-for-profit or hybrid venture that applies commercial 

strategies to maximise improvements in human and environmental well-being. 

 

Social loan – Credit or bonds obtained below market price, for instance given at longer loan 

cycles, lower interest rates or with amenable payback provisions. 

 

Viable - Refers to the ability of an asset to cover all its costs with income over a specified 

period. 
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Abstract 

 

Prior to planning consent, risk exposure for renewable energy projects is highly opaque, 

particularly for small place-based social enterprises (‘communities’).  This has constrained 

the ability of community organisations to plug into the renewable energy sector.  This study 

investigates the constraining and enabling factors determining why certain community 

projects in the UK successfully attain early stages of project development while others do 

not.  Due to the nature of community enterprise engagement in renewable energy, this 

requires an understanding of the factors affecting political support for a project from local to 

council levels, including all factors that are likely to affect planning application outcomes.   A 

number of technical, social, regulatory, financial and organisational capacity risks are 

identified and operationalised for analysis. A binary discrete choice model is applied to a 

cross-sectional dataset on Scottish, English, Welsh and Northern Irish community projects to 

explain successful early stage project outcomes. Results suggest that distance to densely 

populated areas and access to land are significantly correlated to early stage project outcome, 

broadly providing evidence that local resources and conditions have an effect on the early 

stage outcome of community-led renewable energy projects.  
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1. Introduction 
 

 

With the introduction of the Feed-in-Tariff and soon the Green Deal, the UK government is 

committed to mainstreaming micro to medium- scale renewables into the energy sector, 

offering consumers affordable, and cost-effective low carbon energy products (DECC, 2011). 

Community-based renewable energy falls within this category and is increasingly recognised 

as a means to invigorate the manufacturing sector, provide employment and revitalize rural 

areas (Scottish Government, 2011; DTI 2006). In addition to encouraging skills development, 

sectoral diversification, community cohesion and energy awareness, community engagement 

in renewable energy development is seen by the UK government as a means to circumvent 

public opposition to wind energy development and thus key to reaching 2020 targets (Walker 

et al, 2007b). In addition, small- scale community renewable energy initiatives are thought to 

be able to make a significant cumulative contribution to the renewable energy mix by feeding 

into local distribution networks and selling off excess capacity to the grid (Hain, 2005).  

 

The following section serves as a general introduction to community-based renewable energy 

development. In addition, the reader is presented with an outline of the problem definition 

that was the basis for this study, and from which follows both the motivation and significance 

of this work. Having outlined the point of departure for this research, Section 1.2 outlines the 

specific aims and research questions addressed in the study at hand, and provides the reader 

with some foundational definitions. This Chapter concludes with an outline of the structure of 

this thesis.  

 

 

1.1  Problem definition: Information asymmetry between investors and 
community organisations at early project stages 

 

Historically the UK has adopted a more market-oriented policy towards renewable energy 

than Germany or Denmark, which has generated a favourable environment for large-scale 

commercial investment in wind energy (Szarka and Bluhdorn, 2006, Munday et al, 2011). 

Larger renewable energy developers and utilities have benefited from a lower cost base and 

easier access to finance and contracts than smaller-scale investors (Szarka and Bluhdorn, 

2006, Munday et al, 2011). Small-scale investors such as place -based social enterprises 

(‘community organisations’), small to medium enterprises and individual households 

engaging in renewable energy (RE) development face considerable risk, lack of streamlined 

information and less favourable incentive structures. Specifically, the documented constraints 

facing community- led renewable energy initiatives in the UK include social and 

administrative opposition, lack of leadership and local expertise, the lack of continuity and 

short-term nature of available finance, vulnerability to electricity price changes and uncertain 

profitability, as well as operational difficulties in getting smaller power generators connected 

to the grid network (Warren and Birnie, 2009; Rogers et al, 2008; Walker et al 2007b). While 

the community renewables sector has seen a gradual but steady incline since 2003, it has been 

largely dependent on UK government grant schemes and support programmes (Walker et al 
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2007b). For instance, the relative share of community and locally owned renewable energy in 

Scotland remains substantially lower than in Germany or Denmark (Figure 1).  

 

Communities engaged in RE adopt a wide range of legal and organisational forms, ranging 

from charitable companies to share-based co-operatives (industrial provident societies), with 

variable ownership of assets and human resource capabilities (SCENE, 2012). One of the 

major constraints they face appears to be the lack of at- risk finance; the finance required in 

the early stages of a project, before technology purchase or construction (BRE, 2010; Walker 

et al, 2010). The supply shortage of seed capital is inherent to renewable energy at any scale, 

due to large upfront capital investments required, the relative immaturity of both technologies 

and risk management instruments (IEA-RETD, 2010) as well as risk-prone planning 

legislature (Scottish Parliament Committee on Energy, Environment and Tourism, 2012). 

 

 
 

Figure 1: Estimates of Danish, German and Scottish ownership of wind energy (Source: adapted 

from EEA 2011, BWEA 2011 and SCENE 2012) 

 

Non-economic risks inherent to the development process can be decisive by increasing costs 

and uncertainty (Lüthi and Prässler, 2011;Valentine, 2010). These include social risks, such 

as levels of civic activism and ‘anti-big-wind’ sentiment, as well as political and technical 

risks, such as levels of political support for diffused alternative energy and distance to the 

grid. Relative to commercial projects however, access to seed capital for community projects 

is conventionally thought to be further constrained by problems related to organisational 

capacity. This is because early project phases typically coincide with a steep learning curve in 

commercialisation as well as professionalization – involving group formation, project 

identification and planning permission (BRE, 2010).  

 

A typical risk profile of community RE projects is shown in Table 1. When we align this risk 

profile with a typical project cost – distribution over time, it appears that a small amount of 

seed capital (relative to total cost) is required for community groups to enter into substantially 

lower risk phases of project development (Table 1). Specifically, costs incurred during early 

project phases include project management costs (~1% of total cost), grid connection fees 

(~8% of total cost), as well as legal fees, permit application fees, costs associated with 

Scotland 

(6590 MW) 

Germany 

(54430 MW) 
Denmark 

(3734 MW) 
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technical feasibility studies and environmental impact assessments, amounting to several 

1000£ - 100.000£ depending on the size of an installation. Despite this fact, project risk 

perception remains high up until planning consent stages, such that conventional commercial 

sources of finance are unwilling to finance early project stages (BRE, 2010).  

 

The scant literature on community renewable energy finance suggests that variable access by 

community organisations to finance can be ascribed to on the one hand the availability of 

finance expertise within a community group that enables them to access such funding, and on 

the other hand the factors that affect external risk assessments of the project. The latter 

includes project viability, organisation credit worthiness, and capital reserves to underwrite 

equity investors as well as simply having planning consent, price support and grid connection 

agreements in place (Walker et al, 2010). One of these ‘external’ risks is therefore the risk of 

planning application rejection, which typically nullifies the possibility of returns on seed 

funding. There is evidence that the spread of wind power may be increasing the risk of 

planning rejection as local planning authorities feel that landscapes are becoming ‘saturated’ 

and public opposition to large wind farms is on the rise (see for instance planning rejection 

trends in RenewableUK, 2011). Academic literature supports the notion that prior experience 

with visual impacts of wind is positively correlated with public opposition (Ladenburg, 

2009). Russo (2003) however provides evidence in direct contrast to this trend. He shows that 

the sum of wind energy projects in counties in the United States correlates positively with the 

number of new projects sited in a given quarter and attributes this correlation to wind 

industry benefits from concentration (in the form of knowledge and resource exchange). It is 

not clear whether similar positive effects of wind industry concentration operate at the level 

of councils in the UK, or whether this implies a relationship between regional wind industry 

concentration and growth that is characterised by an initially upward and then downward 

sloping curve. 

 

 Table 1: Risk profile of community renewable energy projects, showing risks typically associated 

with different phases of project development  

PROJECT PHASE Group formation 
& project 
identification 

Planning Construction Operation 

RISKS   Organisational 
capacity 

 Experience in 
revenue-
generating 
projects 

 Lack of 
information 

 Planning rejection 

 Grid connection 
queues 

 Grid connection 
cost 

 Landing delays 

 Delays in 
commissioning 

 Export/generation 
tariff 

 Down time 

 Actual wind 
speeds 

 Electrical losses 

 Wake effects 

RISK LEVEL HIGH        HIGH LOW VERY LOW 

SCOPE OF THIS 
STUDY 

‘EARLY PROJECT STAGES’ 
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Given that commercial investors do typically not invest until after planning consent and grid 

connection is in place (Moore, 2011), most place-based social enterprises - those that are less 

well established in particular- have funded high-risk early project stages by means of grants. 

Grants have been shown to complement RE subsidy schemes by substantially reducing 

commodity price risk and making RE projects viable (Leach et al, 2011). Private investment 

for high-risk early project stages would require rigorous assessment of credit scores, 

organisational capacity, political support and anti-wind sentiment at all levels - an exercise 

that is simply not profitable to commercial lenders.  The motivation for this thesis is that 

there is currently no way in which investors can easily assess the existing variation in 

organisational and project quality - and therefore the credit-worthiness - of community 

projects at early project stages, and prior to planning consent in particular. The question 

therefore arises as to whether one can identify and operationalise key social, political, 

technical and economic risks in order to predict variation in project quality at early project 

stages.  

 

It is likely that the opaqueness of early stage project risk has constrained the ability of small 

to medium place-based enterprises to plug into the renewable energy sector and has 

contributed much to the current status of the community energy sector in the UK and 

elsewhere. The inaccessibility of at-risk capital also has a large impact on the scale and 

technology developed- where organisations with lower at-risk capital are bound to smaller 

projects with fewer planning requirements and costs (BRE, 2010). This problem is likely to 

be exacerbated as community enterprises are currently facing a decrease in the availability of 

both grants and commercial loans. For instance, Scottish Government CARES grants were 

recently converted to loans in order to meet EU State Aid Law requirements. Commercial 

loans, overdrafts and mortgages have all become harder to obtain since 2009, predominantly 

attributed to the adverse economic climate and sharpened risk/security requirements (Scottish 

Government, 2009). While these developments are already to the detriment of the rate of RE 

uptake by community organisations, they also provide an interesting opportunity for 

alternative market-based financing mechanisms to fill the supply gap.  

 

 

1.2  Structure and Objectives of this thesis 

 
Research Objectives  

This study attempts to identify and operationalise key risks facing community renewable 

energy projects during early stages of project development. More specifically, the objective is 

to develop an econometric model to explain successful outcomes of early project stages, in 

which we address both determinants internal to an organisation (such as human resource 

capacity) and external determinants of technology adoption (such as risks imposed by the 

regulatory environment). The central research question is therefore: What are the key 

determinants of early stage project success?  
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Due to the nature of community enterprise engagement in renewable electricity generation, 

an answer to the research question at hand requires not just technical and financial due 

diligence assessments, but an understanding of human capital, labour endowments and 

political support for a project from local to council levels, including all factors that are likely 

to affect planning application outcomes. Specifically then, we ask how different social, 

organisational, regulatory and geographic factors affect the probability of community 

organisations in reaching planning consent stages. Given that there has to my knowledge 

been no quantitative assessment based on a representative sample of community renewable 

energy projects, there is no basis from which to test more specific hypotheses related to the 

relative significance of the determinants analysed and the analysis that follows is therefore of 

exploratory nature. Furthermore, given the absence of data and boundary definitions for this 

sector, the study necessitates a gaging of the extent and different forms by which community 

organisations engage in the energy sector throughout the UK. 

 

 

Foundational Definitions and Thesis Structure 

The definition of ‘early stages’ of projects was chosen on a practical as well as conceptual 

basis. Planning consent is a necessary landmark that applies to all projects and represents a 

point at which the project has successfully overcome key hurdles related to social and 

political opposition as well as the most fundamental criteria related to technical and financial 

viability. It is therefore logical to define ‘early stages’ as the period ranging from the start of 

a project up until the moment that planning is consented. ‘Planning consent’ is taken to be the 

time at which the organisation formally obtains a consent decision from its local planning 

authority. This definition of ‘early stages’ enables us to take account of the described social, 

regulatory, technical and financial risks thought to constrain initial development of RE 

projects, without excluding projects that have obtained planning consent but have not yet 

completed the project (see ‘early project stages’ in Table 1).  

 

There is considerable controversy over what constitutes a ‘community’ (see Walker and 

Devine-Wright, 2008). This study therefore adopts a conservative definition of ‘community’ 

as being place-based social enterprises in which constituent parties have a mandate extending 

beyond for-profit motives, typically consisting of broad local socio-economic or 

environmental objectives. Throughout this text, ‘community renewable energy’ is defined as 

any renewable energy project involving active engagement of a place-based social enterprise. 

All renewable energy technologies eligible for price support are included in this definition. 

 

This document outlines the development of a binary discrete choice model that can 

effectively explain the likelihood of a project reaching a project stage at which planning 

permission is granted (from here on ‘planning consent stage’), where the sample consists of 

place-based social enterprises engaging in renewable energy projects throughout the UK 

(from here on ‘community enterprises’).  The analysis rests on data obtained throughout 2011 

and 2012 from community enterprises engaged in community power in Scotland, England, 

Wales and Northern Ireland.  
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In order to enrich this analysis of success at early stages of technology adoption in UK 

community enterprises, we begin by reviewing existing approaches to the analysis of the 

adoption and diffusion of new technologies among (small) firms and households. 

Specifically, Chapter 2 describes determinants of successful early stage renewable energy 

adoption based on a review of relevant literature in the field of technology adoption, diffusion 

and finance as well as sociological studies on community power, concluding with a summary 

of both organisation-internal and exogenous (legal, administrative and grid) risks. Chapter 3 

outlines the methodology, describing model specification as well as how data was collected 

and the sample was defined. Chapter 4 provides an overview of the analysis and results. The 

analysis is critically reviewed in Chapter 5 by means of a discussion on limitations and 

recommendations for future research. Chapter 5 then proceeds by interpreting results in the 

context of the research question and problem definition. Finally, Chapter 6 provides the 

reader with a succinct summary of this work.  
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2. Determinants of successful renewable energy deployment 
 

 

The aim of this Chapter is to outline determinants of successful renewable energy 

development as found in the literature, drawing on the factors underpinning financial, social 

and political due diligence for renewable energy projects. The process of technology adoption 

is broadly similar across localities and technologies; implementing any new technology 

anywhere across the world will involve a range of economic, technical, regulatory, social, 

human resource and preference considerations and the availability of knowledge and 

experience. However, there may also be processes and risks that are unique to the early stages 

of renewable energy adoption by UK community enterprises. In order to support specific 

definitions of explanatory variables, Section 3.1 identifies important constraining and 

enabling factors and risks to deployment in literature on renewable energy adoption, diffusion 

and finance. In Section 3.2 we match these factors to sociological observations on renewable 

energy adoption by community enterprises. By comparing the scope of this study to the scope 

of studies emerging from the literature review, Section 3.3 provides arguments for the 

selective inclusion of factors emerging from the literature reviewed. This Chapter is 

concluded with a list of constraining and enabling factors for subsequent translation into 

variables. 

 

 

 

2.1.  Literature on renewable energy adoption, diffusion and finance 

 

There are three quite separate fields of research that provide an insight into candidate 

enabling and constraining factors for renewable energy development. First, there is a vast 

literature on quantitative approaches to technology adoption, in which the focus has 

traditionally been on characteristics of the decision-making entity itself, rather than the socio-

political or physical environment of the decision-making entity. Recent work increasingly 

recognizes that attractive returns are necessary but not sufficient for the diffusion of 

technology and accounts for exogenous determinants such as knowledge diffusion through 

social networks, information provision and institutional frameworks and (Rebane and 

Barham, 2011; Nieuwenhout et al., 2000; Acker, 1996; Voravate et al., 2000). Other barriers 

and constraints emerging from this literature are wealth, education and entrepreneurial 

attitude (Tate et al, in press; Tranter et al., 2011; Voravate et al., 2000; Panoutsou, 2008; 

McEachern and Hanson, 2008; Gustavsson and Ellegard, 2004; Jacobson, 2007; Rebane and 

Barham, 2011; Masini and Menichetti, 2012) (see Table 2).  

 

Second, there are a dozen or so econometric studies on renewable energy diffusion that 

typically use (installed, operational) capacity as a dependent variable.  By nature of their 

focus on sectoral growth this literature has gone some way to address social acceptance and 

regulatory risks (Del Rίo and Tarancόn, 2012). With respect to wind energy, there is 

overwhelming evidence that non-economic risks inherent to the development process can be 

decisive by increasing costs and uncertainty (Lüthi and Prässler, 2011; Valentine, 2006). A 
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large body of this literature demonstrates the adverse effects of the instability of policy 

support schemes and financial subsidies on renewables deployment (Barradale, 2010; Nemet, 

2010; Meyer and Koefoed, 2003; Agnolucci, 2006; Wiser et al, 2007; Del Rίo and Tarancόn, 

2012; Lüthi and Wüstenhagen, 2012). Holburn ascribes variable policy stability to the degree 

of autonomy of regulatory agencies from politicians and the degree to which renewable 

energy policy is integrated into (binding) legislation (Holburn, 2012).  

 

Less studied forms of regulatory risk stem from the policy frameworks and processes 

underlying applications for development, such as administrative approval duration, 

consistency of the approval process, and grid connection policies (Lüthi and Prässler, 2011; 

OECD/IEA, 2008; EWEA, 2010; Del Rίo and Tarancόn, 2012). Del Rίo and Tarancόn (2012) 

find that cross-country differences in the duration of administrative procedures significantly 

affect additional generation capacity. There is also evidence from choice experiments 

suggesting that solar developers place (negative) value on the existence of an approaching 

cap and the duration of the administrative process when making investment decisions (Lüthi 

and Wüstenhagen, 2012). Strom (2010) suggests that administrative efficiency itself is a 

function of policy transparency and the number of authorities involved in sanctioning of 

developments. Most econometric approaches to renewable energy diffusion however do not 

address administrative barriers (see for instance Carley 2009; Yin and Powers, 2010; Menz 

and Vachon, 2006).  

 

There is strong evidence that access and capacity of the electricity grid, as well as grid 

connection policy and process has constrained renewables deployment in the UK in 

particular. Lüthi and Prässler show strong developer preference for guaranteed access and 

provisions for priority dispatch during the grid connection process, and Valentine identifies 

distance to the grid and weak adjoining grid co-ordination as key factors in wind 

development (Lüthi and Prässler, 2011; Valentine, 2006). In a cross-country comparison of 

grid connection policies, Swider et al (2008) state that UK grid constraints entail lengthy 

negotiation processes and project delays, a lack of co-ordination between network operators 

and local authorities, and an overall lack of clarity in the management and operation of the 

grid connection system (Figure 2 shows the grid supply points and primary substation 

connections with respect to major lines of weakness). Apart from discrete categorisation of 

grid connection policies (Lüthi and Prässler, 2011), there have been no known attempts to 

quantify grid connection risks.  

 

With respect to risks related to public opposition, the only known attempts to integrate social 

acceptance into an econometric framework is by Del Rίo and Tarancόn (2012) who turn to a 

survey - based indicator representing ‘the proportion of citizens who responded yes to 

supporting wind development’. Research on local public opposition to wind developments 

suggests that local ownership drastically contributes to social acceptance (Warren and 

McFayden, 2010; Mussall and Kuik, 2011). While wind deployment in high density 

population areas is likely to continue to raise opposition, community-led projects are 

therefore less susceptible to this issue (Valentine, 2010). Factors determining levels of public 
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Figure 2: Transition network UK showing grid supply points and primary substations and major lines 

of weakness (Source: Collins Bartholomew Ltd, 2005) 
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acceptance include early provision of information, local participation, local financial 

participation and perceived local benefits, local integration of developers, and visual impact 

(Jobert et al, 2007; Wolsink, 2006). Finally, Lagerman (2009) suggests public opposition is 

also a function of the degree of historical exposure to adverse effects of wind development. 

  

With respect to project economic viability, access to internal capital reserves, access to credit 

financing, tax credits and grants has been shown to affect development decisions of wind 

developers (Lüthi and Prässler, 2008). Similar effects for access to exogenous capital have 

been shown at industry level; Russo (2003) found that the number of wind installations sited 

in a county of the USA in a given quarter correlates positively with regional state-specific tax 

credits for wind development, while Del Rίo and Tarancόn (2012) demonstrate a positive and 

significant relationship between investment climate and additional off-shore generation 

capacity.  

 

Finally, complementing our understanding of project economics is literature investigating 

default or survival determinants of small to medium enterprises, much of which is highly 

relevant to our understanding of the performance of place- based social enterprises. This field 

looks at the relationship between firm characteristics (such as size, financial situation) and 

macro-economic characteristics (such as degree of industry innovation, investment climate) 

with organisation survival, default or investment. Together this literature suggests that 

organisation size and age is by and large positively correlated with survival of SME’s 

(Holmes et al, 2010, Esteve-Pérez and Castillo, 2008). This is because organisations need a 

minimum size to be able to adapt to changing market environments, and larger firms are more 

likely to benefit from economies of scale, diversified production, and easier access to capital 

and high quality staff (Esteve-Pérez and Castillo, 2008). In addition, start-ups need time to 

develop organisational abilities. Both size and scale are therefore measures of experience, 

managerial abilities, production technology and firm organisation (Esteve-Pérez and Castillo, 

2008). Other relevant covariates in both survival and investment models have included firm 

profitability, productivity and leverage (Esteve-Pérez and Castillo, 2008; Lang et al, 2005). A 

lack of leverage, defined as the ratio of total liabilities over total assets, has been found to 

detriment investment (Lang et al, 2005; Aivazia et al, 2005). This relationship is explained 

on the basis that firms with relatively large debts are likely to have less access to capital, to 

be more risk averse and therefore invest less.  
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Article  Determinant Findings 
Tate G. , Mbzibain A, Ali 
S. (in press); Panoutsou, 
(2008); McEachern and 
Hanson (2008); 
Gustavsson, Ellegard, 
(2004); Jacobson 
(2007); Rebane K., 
Barham B. (2011); 

Wealth (space) 
 

Farmers with greater farm areas and more financially viable businesses are more likely to adopt wind and 
solar installations (UK); Solar home system adopters have been found to be wealthier than average, and are 
more likely to have a steady income source than non-adopters (various locations). 

Acker, Kammen (1996); 
Nieuwenhout et 
al.(2000); Voravate et 
al.(2000) 

Awareness through 
social networks and 
exposure 

Most Solar Home System adopters surveyed in Kenya, Zimbabwe and North western China first learned about 
solar installations from neighbours, friends or relatives, often by observation of an installed system; Proximity 
to installed systems is associated with less time to come to an adoption decision after first learning about 
solar homes systems (Sri Lanka); Awareness on solar home system is predicted most strongly by the presence 
of other installed solar systems (Nicaragua). 

Tate G., Mbzibain A, Ali 
S. (in press); Tranter et 
al., 2011); Voravate et 
al.(2000) 

Education Farmers with higher educational attainment more likely to adopt wind and solar installations (UK); SHS 
adopters tend to have higher educational attainment than non-adopters (China). 

Masini A, Menichetti E. 
(2012) 

Entrepreneur 
preferences and risk 
attitude 

A-priori beliefs, policy preferences and attitude toward technological risk affect the likelihood of investing in 
RE projects. 

Rebane K., Barham B. 
(2011); Nieuwenhout et 
al.(2000) 

Knowledge and 
information 

Solar Home System adopters have relatively high access to information from towns (various locations); 
Adoption and technical how-to knowledge of solar systems is predicted by existence of local promotion 
organisations and dealers (Nicaragua). 
 

Acker, Kammen (1996); 
McEachern and 
Hanson (2008); 

Grid access and capacity Most adopters who purchase solar systems in Kenya live close to the electric grid; Villages closer to the grid 
have higher adoption rates (Sri Lanka). 

Table 2: Review of explanatory variables used for renewable energy adoption studies. Factors that are thought to apply to early stages of project 

implementation are highlighted in bold. 
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2.2.  Literature on community renewable energy adoption 

 

In contrast to the literature with a focus on the commercial RE sector reviewed in Section 2.1, 

literature with a focus on community renewable energy has predominantly been of qualitative 

and anecdotal nature. A review of this literature is deemed necessary to justify the choice and 

design of variables for analysis, and to complement the risks that apply to commercial RE 

development. Turning to sociological, political science and grey literature with a specific 

focus on community renewable energy adoption in the UK, we can identify five broad risks 

that are typically incurred during early project stages. The following paragraphs provide a 

brief outline of each risk, and also draw on literature reviewed in Section 2.1 to identify and 

operationalise any factors that generate variability in exposure to these risks.  

First there is overwhelming evidence for a lack of organisational capacity and resources, 

resulting in failure to identify a viable project site and deliver a high quality planning 

application (Dunning and Turner, 2005; Walker et al 2007b; Walker et al 2010, Pepper and 

Caldwell, 2010 and IPPR Report, 2010). Resources and capacities that are outlined as 

constraints to an organisations ability to successfully complete renewable energy projects 

include human resources (project management skills, technical expertise, legal and financial 

skills, leadership and manpower) and organisational governance (such as regular risk 

assessments, monitoring and evaluation, level of activity, experience with complex projects 

and in handling assets). Irrespective of the size and viability of the project, we can expect that 

larger better established community enterprises with collateral and credit history are more 

likely to possess capital reserves to finance early project phases than newer and smaller 

community organisations. 

 

While there is virtually no peer-reviewed literature to support the claim, renewable energy 

practitioners in the field are currently flagging the risk of planning rejection based on 

environmental sensitivities, ranging from (visual impact on) special environmental 

designations, telecom/aviation lines, noise and distance to receptors, as well as council- and 

country-specific planning policies for wind development (Scottish Parliament Committee on 

Energy, Environment and Tourism, 2012). Development and use of land and has been 

devolved to the Northern Ireland Assembly, the Scottish Parliament and the Welsh Assembly 

(DECC, 2009). With the exception of Northern Ireland, all wind turbine planning 

applications below 50MW in Great Britain are determined by Local Planning Authorities, 

while larger projects are submitted to the relevant national Government for consideration 

(DECC, 2009). A review of planning regulations suggests that planning policies at local 

authority level vary somewhat across the UK, the major differences being not so much the 

severity of restrictions as the specificity of restrictions. Planning criteria that apply across the 

UK include: 

  

 Maximum noise levels at nearest receptors; 

 Proximity to dwellings – A distance restriction is set to prevent ice throw in winter 

conditions, shadow flicker and shadow throw, visual intrusion and the likely effect of 

noise generation;  
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 Proximity to infrastructure – A distance restriction from roads and railways is set to 

ensure safety; 

 Visual impacts – A distance is set to special environmental designations, which include 

designations such as conservation areas, archaeological sites, sites of special scientific 

interest and strategic planning areas; 

 Electromagnetic interference – Certain areas are off limits on grounds of interference 

with radar or air traffic control systems of the National Air Traffic Services (NATS), the 

Ministry of Defence (MoD); or commercially operated radio and TV towers.  

 Aviation – Wind developments are generally excluded from safeguarding zones for 

airports, aircraft flight paths and Ministry of Defence low-flying areas. 

 

A third issue related to regulatory constraints already mentioned is local public and political 

opposition resulting in planning rejection (Munday, Bristow and Cowell, 2011; Toke, 2005). 

Literature suggests that public opposition is dependent on early and bilateral communication 

and engagement with the wider community surrounding the proposed project. More simply, it 

can be said to depend on the ratio of the number of individuals benefitting from the project 

vis-à-vis the number of individuals affected by the project. We can posit that political 

opposition is less likely the better the organisation is represented in the wider community, the 

stronger the organisational network and political leverage at local government level.   

 

A fourth and often quoted constraint to community RE development is land lease negotiation 

problems resulting in legal fees and delays (Bomberg and McEwen, in press, Barnes, 2011, 

Mackie, 2011). In case of site ownership, risks of lease or purchase negotiations or disputes 

do not apply. 

 

Finally, community organisations have experienced unforeseen grid connection costs and 

delays (Walker et al, 2007a; Hain et al., 2005; Watson et al, 2006; Wood Mackenzie, 2009; 

Hamsuzzoha et al 2012; Swider et al, 2008). Apart from administrative delays associated 

with grid connection applications, this is due to limited grid capacity and access in 

distribution networks. Whenever a user sites a new generator in a network area where the 

amount of generation already exceeds the demand, the maximum power flow will increase. If 

the maximum power flow exceeds the transmission capacity of the existing system, the new 

station cannot be connected to the grid before transmission capacity is reinforced. For 

instance, in some parts of the Scottish distribution networks, substations transforming high to 

higher voltage are reaching capacity with limited room for additional generators (SSE Power 

Distribution, 2012). This is especially likely to apply in both Scottish distribution networks, 

where embedded generation has increased to a level where distributed networks supply 

electricity exports to the transmission system (National Grid, 2012).  Where the distribution 

network is already full for generation, distribution network operators must issue a statement 

of works process with the National Grid to assess and plan for the impact of a new generator 

(National Grid, 2012). Grid capacity expansions and remote connections have resulted in 

delays and cost impacts for a number of community renewable energy installations, and has 

in certain circumstances singularly made projects financially unviable (Bomberg and 

McEwen, in press; Barnes, 2011). Key factors affecting grid connection costs are distance 
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and wiring required to connect to the nearest substation, plus any additional extensions 

required in order to increase voltage capacity of the local grid or its connection to the national 

grid. A detailed explanation of what constitutes grid capacity and its available measures is 

provided in the methodology chapter (Section 3.2). 

 

 

 

2.3.  From risks to variables 

 

Section 2.1 enables identification of the following broad categories of determinants as being 

relevant to successful renewable energy deployment: organisation characteristics (including 

wealth, knowledge and expertise, profitability, age, leverage and size), instability of support 

schemes and financial subsidies, administrative barriers, grid connection, social acceptability 

and project viability. These determinants are broadly compatible with the factors emerging 

from sociological, political science and grey literature with a focus on community RE 

development, which confirms organisational capacity, grid access and capacity to be relevant 

factors. Both literatures highlight the role of public opposition and suggest that public 

opposition is a function of the degree to which an organisation is representative of the wider 

community and the distribution of benefits versus adverse effects, as well as an organisations’ 

political leverage with key authority figures in the energy network. Additional factors arising 

from grey literature includes the sensitivity of the site in relation to regulation (‘site 

suitability’) and access to land. Taken together, the factors emerging from this literature can 

be categorised in five domains: Organisational capacity, Regulatory, Technical, Social 

support and Financial (Table 3).  

 

Before proceeding to summarise which factors are relevant to the study at hand, it is useful to 

reflect on the scope of this study in relation to the scope of the literature reviewed. The 

question asked in this study represents a subset of the questions typically asked in 

econometric approaches to technology adoption, which is within economic literature arguably 

the field most closely resembling the study at hand. In technology adoption studies, demand 

in the latter is usually measured as observed demand (in other words, successful adoption) 

such that the question asked is implicitly ‘which factors affect successful technology 

adoption?’. The scope of adoption studies therefore extends from the moment a user chooses 

to adopt to the moment the technology is successfully implemented (Figure 3). It may be that 

there is significant overlap between factors affecting the choice to adopt, how much to adopt, 

and successful adoption. Nevertheless, the analysis at hand restricts itself to the 

“implementation”, and “confirmation” stages of technology adoption only, and excludes 

processes of “knowledge”, “persuasion”, and “decision” (Rogers, 2003). An inclusion of 

“knowledge”, “persuasion”, and “decision” phases and associated constraining and enabling 

factors would necessitate inclusion of community organisations that have not adopted 

renewable energy technologies and is outside the scope of this analysis. Given the scope of 

this study then, constraining and enabling factors that apply to early decision phases of the 

adoption process - such as awareness, entrepreneurial preferences and risk attitudes (Table 2) 

- are excluded.  
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Figure 3: Scope of this study in relation to the process of technology adoption as outlined by Rogers 

(2003)  

 

Following from the literature reviewed in this Chapter, we can posit that the better the 

organisational capacity and the wider the social network of the organisation, the better grid 

access and capacity and site suitability, the lower the actual risk exposure of a project. 

Together these studies provide sufficient information to attempt to measure and 

operationalise these enabling and constraining factors. Table 3 draws on literature reviewed 

thus far to summarize the factors and associated domains relevant to the success of early 

stage community RE projects. The translation to variables and indicators is discussed in 

Section 3.2 of the Methodology Chapter. 

 

Table 3: Summary of constraining and enabling factors of early phase community RE projects based 

on literature review 

 

 

Domain Factor 

Organisational 
capacity 

Organisation age (Experience in running trading, commercial or 
revenue-generating projects) 

Manpower  

Access to peer organisations with project experience 

Organisation performance (profitability) 

Skills and expertise (Local Education) 

Regulatory 
Distance from special designated area  

Distance from settlement or locality  

Technical 

Distance to nearest grid connection  

Technology type  

Thermal headroom at nearest grid connection point 

Social support 

Social cohesion 

History of collective agency 

Level of integration in the wider social and energy network 

Community representativeness  

Landscape saturation / industry concentration  

Financial 

FIT or ROC rate at time of commissioning  

Land access  

Cost incurred during pre-planning phase  

Local Income deprivation  

Access to seed capital (‘liquidity’)  

Knowledge Decision Start 
implementation 

End 
implementation 

Planning consent 

Scope of this study 

Scope of technology adoption studies 
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3. Methodology 
 

 

Following identification of constraining and enabling factors relevant to success of early 

project phases, these factors were translated to variables for analysis. Subsequently data 

corresponding to these variables was collected. Data was partly obtained by means of a 

survey, and partly through collection of external (publicly available) data. Section 3.1 

explains how community organisations were identified for surveying and outlines the data 

collection process. Section 3.2 provides an overview of variables vis-à-vis data collected, and 

describes and substantiates the development of composite indicators. Finally, Section 3.3 

provides an outline of the discrete choice model and attempts to justify any model 

specifications. 

 

 

3.1.  Data collection 

 

Following formulation of variables and indicators, data was sourced by means of web-based 

research and digital surveys, expanding on on-going data collection efforts at Sustainable 

Community Energy Network
*
. In an effort to boost response rates, telephone interviews were 

carried out in addition to digital surveys (Scotland only). Before detailing the data collection 

process, a brief explanation of how projects and respondents were sourced and identified is 

merited. This is important because in statistical terms, the process of finding and including 

certain projects (and not others) is equivalent to sample definition.  

 

Identifying projects and respondents 

Survey respondents were initially sourced from two previous community energy action 

directories and one publicly available register held by the Financial Services Authority. What 

follows is a brief overview of each register, and where relevant the criteria attached to case 

study selection.   

1. The UKERC ENGAGE directory (2011); The UKERC Engage directory was collated in 

2011 by the Institute of Governance at Edinburgh University and includes any “non-

governmental, non-professional groups engaged in community-focused and often policy-

orientated energy action” across Scotland, thereby excluding interest-based groups such 

as housing associations, schools, libraries (McEwen N. and Bomberg E., unpublished). Of 

the 135 grass-roots energy action groups in the directory, this study selected only those 

generating renewable energy through any or several of wind, biomass, solar, CHP or 

hydro-electric sources (83 projects). 

                                                 
*
 The online survey is available for viewing and response at: 

https://wur.qualtrics.com/SE/?SID=SV_0ribcxpKY7EcXQM (before 15 October 2012) and 

scenetwork.co.uk/survey (after 15 October 2012) 

 

http://www.institute-of-governance.org/major_projects/ukerc_-_engage_scotland/db_query
https://wur.qualtrics.com/SE/?SID=SV_0ribcxpKY7EcXQM
http://scenetwork.co.uk/survey
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2. The University of Lancashire's UK community energy projects database (2004); This 

database was constructed by at the end of 2004 and contains 103 Scottish, 333 English, 

18 Northern Irish, and 53 Welsh renewable energy projects supported by programmes or 

initiatives with the word ‘community’ in their title and/or their rationale. Projects by local 

authorities and by local entrepreneurs and organisations that were not strictly grass-roots 

social enterprises were excluded. 

3. The Financial Services Authority (FSA) Register of UK Industrial and Provident 

Societies with the word ‘community’ and ‘energy’ in their name (10 organisations). This 

register is continuously updated.  

 

In addition to identifying community organisations through these directories, case studies 

were sourced by means of an automated web-crawler that was run on community 

organisation websites from across the UK. Finally the survey was also distributed amongst 

members of key umbrella organisations operating in Wales, England and UK-wide; these 

were Community Energy Wales, the Development Trust Association England (Locality) and 

the Low Carbon Communities Network.  

 

Criteria for inclusion of projects in the database were based on stakeholder understanding of 

what constitutes a 'community project' as outlined in the literature. Specifically, this requires 

active involvement of a place-based social enterprise in a renewable energy project, and a 

project organisation structure that entails both a participatory nature (process) and collective 

benefits (outcome) (Walker and Devine-Wright, 2008). In case of non-charitable 

organisations or where non-profit rationale was in doubt, articles of association were used to 

assess the presence of motivations over and beyond company profit. Where the main business 

activity was based on an alternative economic activity, such as housing, charitable status was 

a prerequisite for inclusion. For instance, for - profit housing associations with independent 

charitable arms with a social/environmental mandate were also included. These criteria were 

applied to all case studies irrespective of the source. 

 

Surveying and online data collection  

Surveys were programmed in Qualtrics. An extended version of the survey was piloted in 

Scotland in January 2012, with surveys and interviews running from January to May 2012 

(Scotland) and July to September 2012 (England, Wales, Northern Ireland). Separate survey 

send-outs were necessary to account for minor country-specific differences (such as for 

instance the names of distribution network operators). In an effort to increase response rates 

and shorten the length of surveys, the digital surveys were personalised by embedding 

available web-based data and names of organisations and respondents into the survey. An 

anonymous version of the survey is shown in Appendix IV. 

 

Various data was not obtainable from respondents and was sourced from the National 

Neighbourhood Statistics, Local Council e-planning websites, CompanyCheck, and relevant 

distribution network organisations. A detailed overview of explanatory variables and 

corresponding data sources is provided in Appendix I.   

http://geography.lancs.ac.uk/cei/CommunityEnergyUKProjects.htm
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Amalgamating the available web-based information on targeted community organisations 

with information obtained from digital and telephone survey responses, this approach resulted 

in a database consisting of 405 community projects and 311 community organisations, in 

which single organisations were associated with 1-5 projects. Of the total of 405 projects in 

the database, full data was obtained from survey respondents for approximately 260 projects. 

Project status ranged from recently started (uncompleted) projects to projects that were 

completed in the early 1990’s. However, the largest proportion of projects (81%) started in 

the years 2005-2012.  

 

 

3.2.  Choice of variables and indicator design 

 

While choice of variables and indicators used to measure variables is (inevitably) subjective, 

we can minimize the influence of subjectivity through systematic data collection, choosing 

indicators that are less amenable to variable interpretation, validating survey data with 

secondary external data sources, and aligning findings with conceptual frameworks and 

available case studies. Survey-based indicators were adjusted to field realities after pilot 

survey interviews in Scotland. Indicators had to match the knowledge and vocabulary of 

project development officers who were the primary contact persons for interviews. Given that 

for some factors it was difficult to predict the range of variability in the population of 

community projects, and that some factors were subject to a degree of subjective 

interpretation, factors were chosen conservatively (more rather than fewer) and where 

possible validated with external data. Indicators were chosen to be least subjectively 

interpretable as possible, such that answers were not dependent on the choice of interviewee 

and therefore representative for the unit of analysis (the community organisation).  

 

In addition to variables representing the factors that emerged from the literature review 

(Table 3), a number of control variables were defined. These included technology type, 

dummy variables indicating countries and regions and dummy variables indicating the type of 

organisational structure through which the project was managed. A detailed overview of 

explanatory variables and indicator composition is provided in Table 4.  Data representing 

local population at the level of communities and number of operational wind turbine 

installations at local and council level were not readily available across the UK, such that 

variables for ‘landscape saturation’ and ‘community representativeness’ were excluded from 

the analysis. Any divergence between Table 3 (showing relevant factors based on literature 

review) and Table 4 (showing variables used for analysis) therefore reflect the availability of 

data.  The following paragraphs of this section will describe and justify any choices made in 

the development of composite indicators as measures of certain variables.  
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Table 4: Variables and indicators chosen for analysis 

Domain 
Variable (data 

type) 
Indicator 

Units or 
range 

Outcome 

Probability of 
reaching planning 

consent stages 
(discrete) 

 

 Planning permission obtained (1) 

 Planning rejected (0) 

 Project stalled prior to planning consent (0) 

[0-1] 

Organisational 
capacity 

Organisation age 
(continuous) 

Years since tradable legal entity established at 
project start 

Years 

Manpower 
(continuous) 

- Total number of active volunteers (‘those who 
regularly take part in group activities’) plus paid (full 
time or part time) staff in the community 
organisation 
- Total number of volunteers and (full/part time) 
staff working on the RE project 

Individuals 

Local education  
% of adults with no qualifications [at ward (NI), 
lower supra output level (England, Wales) or data 
zone level (Scotland)] 

% adults 

Profitability 
(continuous) 

Average annual change in   
          

             
 £ 

Access to peers with 
project experience 

(ordinal) 

Access to 1 or more people in other communities 
with previous experience in setting up similar 
projects 

[1-4] 

Regulatory 

Distance from 
special designated 
area (continuous) 

Distance of installation site from special designated 
area 

kilometres 
 

Settlement distance 
(continuous) 

Distance of installation site from settlement or 
locality 

kilometres 
 

Technical 

Connection distance  
(continuous) 

Distance to grid connection point 
 

kilometres 
MW 

Connection capacity 
(continuous) 

Thermal headroom at nearest connection point  

Social support 

Social cohesion 
(ordinal) 

2009-2010 Urban Rural Classification based on 
settlement size and drive times 

[0-8] 

Collective agency 
(continuous) 

Years of active engagement in community oriented 
activities at project start 

Years 

Social network 
(ordinal) 

Presence of external parties sitting in the 
management body, with categories: 

 Community councillor 

 Local authority councillor 

 Local landowners 

 Other agencies, namely: 

 None of the above 

[0-5] 

Financial 

Financial viability 
(continuous) 

FIT/ROC rate at time of commissioning 
pence per 

kWh 
generated 

Land access (ordinal) Number of rent or purchase contracts to negotiate  [0-4] 

Cost incurred during 
pre-planning phase 

(continuous) 
Cost of feasibility study and planning application £ 

Access to seed 
capital (continuous) 

                

                             
    £ 
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Local income 
% of adults claiming benefits [at ward (NI), lower 
supra output level (England, Wales) or data zone 
level (Scotland)] 

% adults 

Control 
variables 

Country 
Scotland [1] 
Other [0] 

[0-1] 

Region 
For all regions: 
Region [1] 
Other [0] 

[0-1] 

Technology type 
Wind (1) 
Other (0) 

[0-1] 

Organisation type 
For all organisation types: 
Organisation type [1] 
Other [0] 

[0-1] 

 

 

Organisation performance (profitability) 

Organisational capacity was estimated in terms of average annual change in profitability as 

follows: 

 
             

                
 

 

Net worth is calculated as ‘Shareholders Funds minus Intangible Assets’. While cumulative 

profitability generally increases with the firm age and earning power, for small organisations 

the ratio of net worth over total assets fluctuates enormously per year depending on firm 

activities (Figure 4). In addition, data was only available for 2005-2012, prohibiting a 

measure of profitability that would reflect an organisations’ net worth to asset ratio at the 

time of the start of the project. A representative measure for profitability was therefore taken 

to be the average annual change in net worth over total assets. 

 

 

Figure 4: Profitability of sample community organisations over time 
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Access to seed capital (liquidity) 

As discussed access to seed capital is a key constraint in early project stages. An indicator for 

liquidity was used to estimate access to seed capital, while taking into account an 

organisation’s short-term debt obligations:  

                            

                                         
 

Because data was only available for 2005-2012, the average annual value was taken rather 

than the value at the time of the start of the project.  

 

Grid connection  

A simple proxy was developed for both grid access and capacity at the time of project 

planning to represent project exposure to grid connection risks. Transmission capacity is 

strictly defined as the thermal limit or rating of an individual transmission component, but in 

an interconnected network, the ability of a single transmission line to transfer additional 

power is in fact a function of aspects that are more difficult to integrate in an indicator. 

Firstly, it is a function of the thermal capacity of the system; the physical relationship of that 

line to other elements in the transmission network (such as switch gear elements with lower 

current ratings, as well as thermal headroom of substations and grid supply points). Secondly, 

the ability of a line to transfer additional power is affected by per second generation levels, 

demand levels and transmission system conditions assumed during the period analysed (these 

affect the voltage and stability of the system)
†
 (North American Electric Reliability Council, 

1996). For instance, temperature and wind affects the thermal conditions of conductors. 

Treatment of systemic and dynamic changes in thermal capacity, voltage and stability were 

beyond the scope of this study. Nevertheless, it was possible to develop a simple indicator 

based purely on the thermal rating of fixed components in the network. Local grid capacity 

was approximated as follows. 

 

For installations of any technology above 20kW for which wider network capacity issues 

apply, grid capacity (GC) will be estimated as: 

 

    
     

                     
 

 

                                                 
†
 There are three dimensions to transmission capacity; these are the factors that constrain the ability to add 

additional power export on a distribution grid: thermal capability, voltage and stability;  
- Thermal Capability is the maximum amount of power that can be transferred across a boundary on the 
system without exceeding the thermal rating of any one of the individual circuits; it depends to a large degree 
on the way in which the power transfer is shared between them.  
- Voltage, because it is sometimes necessary to restrict power transfers to a level lower than the firm thermal 
capability to ensure satisfactory voltage levels in the importing area.  
- Stability, because the power transfer between two areas or between a major generating station and the 
system can also be limited by considerations of electro-mechanical stability. 
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Where D= Distance between installation site and nearest substation (km) 

            SS= Thermal headroom of nearest substation (MVA) 

         GSP= Thermal headroom of nearest grid supply point (MVA) 

 

Distance is placed in the enumerator to account for the fact that remote off-grid locations may 

be too far from the nearest substation to connect there. For installations of any technology 

below 20kW that can connect to the local network or any installations that only connect to a 

private network for private consumption, 

 

     
 

For projects above 5MW we assume direct connection to the transmission grid and estimate 

GC as: 

    
     

        
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Map of connection 

points in Scotland in relation 

to project sites 
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Site suitability 

The following spatial datasets were retrieved from Natural England, Countryside Council for 

Wales, Northern Ireland Environment Agency and Scottish Natural Heritage: 

o Site of Special Scientific Interest (SSSI). SSSIs include a wide range of habitats from 

small fens, bogs and riverside meadows to sand dunes, woodlands and vast tracks of 

uplands. 

o Special Areas of Conservation (SAC). SACs are strictly protected sites designated under 

European law. 

o Special Protection Areas (SPA). SPAs are strictly protected sites, also known as the Birds 

Directive, on the conservation of wild birds. 

o Wetlands of International Importance (Ramsar Sites). 

o National Nature Reserves (NNR).  

o Ancient and Semi Natural Woodland.  

o Local Nature Reserves (LNR). Many local authorities in Wales - in urban as well as rural 

areas - have set up Local Nature Reserves (LNRs). There are a total of 62 throughout the 

country, all with natural features that are of special interest to their local area. 

 

QGIS was used to merge, simplify and generalise shapefiles to indicate broad areas of 

sensitive nature. Distances from community project locations were calculated based on point-

point distance calculations to nearest polygon node, where nodes represented the outer 

boundary of culturally or environmentally sensitive areas.   

 

 

Installation capacity 

Following the Energy Saving Trust (2012), capacity for solar photovoltaic and solar thermal 

installations was calculated based on panel area and standard conversion factors as follows. 

 
Table 5: Conversion factors used to deduce installation capacity from solar panel area (Source: 

Energy Saving Trust, 2012) 

Technology  Value used  Units  Information source  

Solar thermal panel, 
average capacity per m2  

0.7  kWth/m2  Solar Trade Association  

Solar PV panel, average 
capacity per m2  

0.14  kWp/m2  Energy Saving Trust Solar 
Energy Calculator  

 

 

Social cohesion 

Two indicators were chosen to represent social cohesion; the age of a community 

organisation and the rural-urban class associated with the organisation postcode. The first is a 

measure of the history of collective agency the organisation has within its wider community, 

where a longstanding history of community activities can be posited to have generated 

positive reputation and trust amongst members and local non-members.  Secondly, the rural 

urban class is a measure of population density and driving time to major urban settlements. In 

so far as a the rural-urban indicator distinguishes between commuter towns and small rural 

communities where inter-human relationships at local level are more likely to be better 
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established, they may distinguish between places where there is a lesser or greater sense of 

collective community identity.  

 

 

3.3. Discrete choice modelling  

 

Parameter estimation 

Having justified and outlined the collection of explanatory data, we turn to model 

specification.  We specify a model in which the outcome of early project stages is one of two 

mutually exclusive categories, and the probability of an outcome varies across projects as a 

function of regressors; 

 

    
  
 
     

 

where   represents an individual community project. To account for the discrete variable and 

constrain probabilities between zero and one, we consider the bivariate discrete choice 

model: 

 

                ] =                              

 

where G is an increasing, differentiable cumulative density function, and F, R, T, O and S are 

indicator variables representing underlying financial, regulatory, technical, organisational and 

social characteristics.  Given our definition of y, this model asks: what financial, regulatory, 

technical, organisational and social variables affect the probability that a community project 

reaches planning consent stages? 

 

We fit both standard normal or standard logistic functions, which differ only in that they 

specify different functional forms for the parameter of the Bernoulli distributed (0,1) variable, 

i.e. assume different distribution of errors (Cameron and Trivedi, 2005); 

 

                ]  
  

                                 
                           Equation 1 

in which probability p depends on a cumulative logistic distribution function of F, R, T, O 

and S regressors, or: 

 

                                                                      Equation 2 

where   is the cumulative standard normal distribution function. 

 

For both probit and logit models estimation proceeds by maximum likelihood, in which 

coefficients are estimated by iteration at values that maximize the log likelihood of obtaining 

observed outcomes. Given that there was no prior knowledge or literature on which to 

prioritize given variables over others we adopt a general- to- specific modelling approach, 

planning permission is obtained with probability p 

planning is rejected OR project stalled prior to planning submission 

with probability 1-p 
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which is well established in (explorative) econometric literature (Campos, Ericsson, Hendry, 

2005). Starting with a general statistical model that captures the essential characteristics of 

the underlying dataset, the model is subsequently reduced in complexity by eliminating 

statistically insignificant variables. The validity of the reductions is checked at every stage to 

ensure congruence of the final model.  

 

The results summarized in Section 4.3 are based on the marginal effects evaluated at the 

sample mean of the data, which are a function of coefficient estimates of all other covariates. 

Because the dependence of coefficients on other coefficient estimates is inherent to this 

model, and there is no basis for specific hypotheses regarding interaction effects, no further 

interaction effects are investigated. 

 

 
             

    
                                                                                                         Equation 3 

 

 

Assumptions and validity  

By nature of their functional forms, both logit and probit models adopt a latent variable 

approach, which has important ramifications for interpretation of coefficients and the 

assumptions required to produce an efficient and consistent model. Specifically, the 

functional forms outlined above produce an unobserved and unmeasured latent variable with 

either a standard normal or standard logistic distribution, where y* represents project 

potential for early stage success and is related to our observed categorical y by defining a 

threshold value t: 

  

                                                                                                    Equation 4 

                  and  

    
       

 
  

       
 
   

  

 

In Equation 4    represents a random disturbance independent of x variables. To fix    to 

[0,1] coefficients are scaled by a parameter (σ) that is used to fix the residual variance 

(STATA assumes default variances of σ²= 1 and σ²= 
  

 
 for probit and logit models 

respectively) (Williams, 2009). The result is that estimated coefficients (β) are composed of 

two parts: coefficients representing the effect of each covariate on   , and an adjustment 

factor (σ) that is deducted from an assumed known variance. 

 
 

 

 
  

  

 
  

  

 
      

  

 
                                                                                       Equation 5 

 

Estimated βk in Equation 1 and 2 therefore represent 
  

 
. If two subpopulations within the 

dataset in fact carry different residual variances, the scaling parameter will reflect some 
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average of the two, resulting in the misinterpretation of α. The degree of bias, the efficiency 

and consistency of estimates therefore hinges on the assumption that variance is equal across 

observations (homoscedasticity) (Keele and Park, 2006). In contrast to linear models, there is 

not one generally accepted approach to test and account for heteroskedasticity in non-linear 

binary choice models, especially where the cause of heteroskedasticity is not known (see 

Williams, 2009; Bauer, 2009; Keel and Park, 2006). Heteroskedasticity is tested here by 

explicitly modelling the residual variance as a function of a known grouping variable 

(Equation 6 and 7); 

 

                                                                                                             Equation 6 

 

               
   

        
                                                                                      Equation 7 

 

where zi is a vector of covariates of the i
th

 observation that define groups with different error 

variances in the underlying latent variable, γ is a vector of parameters to be estimated, and εi 

is the error variance. 

 

Given the sensitivity of this model to large variation in covariate standard deviations and 

valid estimates of latent error, efforts to ensure validity were as follows. First, projects were 

taken to be the unit of analysis; hence to meet the assumption of independent units of analysis 

observations were clustered across organisations, allowing for robust standard errors (Hosmer 

and Lemeshow, 2000). Second, data distributions were checked for outliers, missing data and 

normality, and the effect of any influential observations was tested by removing them from 

the sample. Given that maximum likelihood estimates are sensitive to scaling of variables 

(Long and Freese, 2001), covariates were rescaled such that standard deviations are the same 

order of magnitude. The ratio of largest to smallest standard deviations was 201/0.4, which 

upon rescaling became 22/0.4. Log and square transformations were imposed on covariate 

data with excessive (right and left-tailed) skewness. Kurtosis was kept to maximum values of 

4, and skewness to the range [-1; 1].   

 

Model specification (both choice of model and choice of variables) was tested using expected 

percent correctly predicted, Akaike and Bayesian Infromation Criteria, the receiver operating 

characteristic curve as well as case- by- case cross validation (following Verbeek, 2008; Long 

and Freese, 2001). Goodness of fit was tested using McFadden’s adjusted R
2
 and cross-

tabulation. 

 

Various issues ensue in terms of self-selection of subjects. Because the majority of 

respondents were pursued by telephone, we do not expect there to be an inherent difference 

between respondents and non-respondents, but we check this assumption by comparing 

univariate data distributions for the available data on non-respondents. However, given that 

data on failed projects was difficult to obtain, selection bias away from failed projects is 

likely. This is not simply due to the fact that these respondents are less eager to respond to the 

survey (whether digital or by telephone), but also due to the fact that certain data does not 
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exist for failed projects, especially if terminated at early stages (such as site location, distance 

and grid capacity data).  The result is that the sample ultimately used for analysis may 

represent a non-random sample of the total population of projects and exhibit biased 

distributions for dependent and independent variables, resulting in biased estimates. Where 

data representing the underlying cause of sample-selection bias is available, it is possible to 

correct for it using the Heckit method (Wooldridge, 2010, following Heckman, 1976). The 

Heckit method is used to partially address sample selection bias in the study at hand. Briefly, 

it involves obtaining estimates of covariate coefficients (z    explaining selection of y (s), 

computing the inverse Mills ratio for each observation (  ), and integrating Mills ratio as a 

covariate in the probit model of interest (Wooldridge, 2010). 

 

                                                                                                       Equation 8 

 

where rho (   is a measure of correlation between residual error in selection equation and 

model of interest.  

 

A final issue with regards to validity of parameter estimation in discrete choice models is 

endogeneity. The causes and implications of endogeneity apply to non-linear models in the 

same way as linear models (Wooldridge, 2010). There is some conceptual foundation for the 

presence of simultaneity in this study, for instance project outcome and variables such as 

profitability and liquidity may be jointly determined (see Bollen, Guilkey, Mroz, 1995 for an 

investigation into endogeneity due to simultaneity in discrete choice models). Other 

conceivable sources of endogeneity in this case are missing variables and/or measurement 

error, where covariates are correlated with unobservables that affect early project success, or 

correlate with residual variance because of measurement error. Unfortunately standard tests 

for endogeneity require not only the availability of a clear hypothesis as to the nature of its 

cause, but instrumental variable data that is well represented across the dataset. Given the 

exploratory nature of this analysis, we have neither the data nor a legitimate conceptual basis 

with which to test and account for endogeneity. Somewhat more experimental approaches to 

endogeneity that do not include instrumental variables exist (see for instance Dong, 2010) but 

are beyond the scope of this study. Endogeneity will not be further discussed here.  
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4. Analysis  
 

 

The following sections describe the analytical process and results. After a brief description of 

the survey results and a characterisation of the sample used for analysis (Section 4.1), Section 

4.2 describes the modelling process. The final section provides an overview of model results 

(Section 4.3).  

 

 

4.1.  Descriptive results 

 

Survey results 

Survey responses and web-based data collection provided a total dataset consisting of 405 

community energy projects. Of these 405 projects, 164 projects were selected for analysis 

(from here on referred to as the ‘sample’). Projects were included in the sample which had 

either obtained planning consent (126 projects, 76%), planning rejection (11, 7%) or had been 

stalled (24, 15%), and for which we had adequate data for inclusion in the analysis. This 

excluded a large number of projects which were at early stages of development at the time of 

interview (~50% of the total dataset) as well as projects for which we had no or limited data 

(non-respondents).  

 

The sample represents 124 organisations, each organisation implementing from 1- 3 projects, 

and is dominated by Scottish projects (Table 6). The geographic distribution of the sample is 

shown in Figure 9. The summed community-owned installed renewable energy capacity of 

the sample in Scotland was 20.2MW, which closely matches recent estimates by the Energy 

Saving Trust (2012), suggesting that the sample is highly representative for the total 

population of community RE projects in Scotland. There is no equivalent national overview 

of community RE in England, Wales and North Ireland, but given that data collection is still 

on-going in these areas, they may represent as low as 10% of the total project population 

currently existing in these countries.  

 

Table 6: Number of observations and total capacity (installed and in development) by country 

Sample            MW   Projects    % y = 1 

Total 922 405 NA 

England 10.9 49 91.6% 

Scotland 908 340 72.9% 

Wales 2.1 8 100% 

N. Ireland 1.2 8 100% 

Analysis 479.2 164 76.8% 



4: Analysis 

 

Harnmeijer - Dissertation in MSc ME  -  Environmental Economics                                      33 

 

The sample was dominated by wind and hydro projects (Figure 6), demonstrating technology 

distributions that are similar to the commercial sector (see Department of Energy and Climate 

Change, 2012).  

 

 
Figure 6: Technology distribution across the total dataset and sample used for analysis 

 

Five categories of business models could be distinguished in the dataset, representing key 

differences in organisational and legal structure of projects as well as finance mechanisms. 

The majority of projects (particularly in Scotland, which dominates the dataset) were 

‘community-led’ ventures, in which a community organisation initiates and manages the 

project, typically financing projects through a mixture of grant and debt-based capital. A 

popular model for community –led ventures in England and Wales are industrial provident 

societies (co-operatives) financing projects through individual shares or bonds at local level 

(‘Community-led by shares’ in Figure 7 below). A small number of projects are initiated and 

managed or co-managed by ‘community councils’ or local authorities (‘Public/ community-

led’ in Figure 7 below). Finally, we can identify two forms of joint ventures: one in which 

community organisation capital is raised by individual shares at local or regional level, and 

one in which the community organisation raises the capital on behalf of its members in some 

other way (for instance by taking a loan from a developer which is then paid back with 

interest with incoming revenues). While there are exceptions, community organisations 

engaging in joint ventures are typically less involved in the administration and management 

of a project.  On these grounds the variable ‘business model’ is represented in the subsequent 

analysis as a dummy variable distinguishing any type of community-led project from any 

type of joint venture project.  

 

The most common type of community organisation in the dataset is the local development 

enterprise, some of which have grown to specialise in energy provision. Other types of place-

based social enterprises are agricultural trusts or co-operatives (in Scotland ‘crofting trusts’), 

housing associations, environmental organisations (such as transition town groups), facilities 
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based associations and partnerships between any one or more of these organisation types 

(Figure 8). 

 
Figure 7: Distribution of business models across the total dataset and sample used for analysis 

 

While there may or may not be variation across these organisation types with respect data 

distributions of dependent or independent variables, including variables for organisation type 

in the model would absorb a large number of degrees of freedom and would necessarily 

require a larger dataset. Having said that, any variation with respect to organisational capacity 

or project finance underlying organisation types, such as the presence of other production 

activities besides electricity generation and ownership of assets, would be captured in 

variables such as manpower, leverage and profitability.  
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Figure 8: Community RE generation capacity by organisation type (sample) 

 
Figure 9: Map of community-based renewable energy installations included in the sample 
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Homogeneity of sample observations versus excluded projects 
 

Given concerns with regards to selection bias, an exploration into non-random inclusion of 

observations was merited. Univariate means and medians were compared across the total 

dataset (n=405), observations selected for analysis (due to availability of dependent variable 

data) (n=160) and observations ultimately included in the model (due to dropping out of 

missing covariate data in addition to availability of dependent variable data) (n=124). If 

observations dropped due to missing covariate or project outcome data represent random 

exclusion of observations, then we expect to find no evidence of significant difference 

between distributions included and excluded from the model.  

 

Most univariate distributions were similar across sample included and excluded in the model 

(Table 8). However, there were significant differences in mean installation capacity, social 

network, site acquisition and local education between observations included and excluded in 

the model (H0:µiv=µiii, p<0.05, Table 8). The sign of T-statistics shown in Table 8 suggest 

that larger projects that have more land contracts to negotiate are underrepresented in the 

dataset, as are generally better educated localities and organisations with better social 

networks. This is not altogether a surprising result; not only are large projects a relatively 

new phenomenon in this sector, but larger projects are considerably more complex and take 

substantially longer (Gubbins, 2010). As such they are more likely to be ongoing and 

excluded from the analysis on the basis of having no observable outcome than smaller 

projects (they have not yet achieved any one of planning rejection, consent or 

discontinuation). Nevertheless, given that the constraints to project outcome outlined in this 

study are likely to be especially relevant to larger more complex projects, this has 

implications for both parameter estimates and the interpretation of results, and may imply a 

greater risk of Type II errors.  

 

Table 7: Distribution of proportions for outcome and control variables across the i) total dataset 

(n=405), ii) sample included in analysis (n=164), iii) sample included in the model (n=124) and iv) 
sample not included in the model ( 3 d.pl)  

 Project 
outcome 
Success: y=1 
No success: y=0 

Technology 
Wind: x=1 
Other: x=0  

Business Model 
Community-led: x=1 
Joint venture: x=0 

Country 
Scotland: x=1 
Other: x=0 

i) Total (n=405) 0.768 0.344 0.885 0.840 

ii) Analysis 
(n=160) 

0.763 0.431 0.85 0.825 

iii) Model 
(n=124) 

0.764 0.396 0.877 0.783 

iv) Excluded 
from model 

0.776 0.325 0.888 0.860 

T-test for 
difference iii) 
and iv) 

T= 0.169 
p= 0.866   
df= 162 

T= -1.316 
p= 0.189 
df= 399 

T=  0.292 
p= 0.771 
df= 372 

T=  1.847 
p= 0.0655 
df= 403 
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There was no evidence of underrepresentation of failed projects in the sample used for 

analysis vis-à-vis the overall dataset; the proportion of successful outcomes in included data 

did not differ significantly from the proportion of successful outcomes in excluded data 

(Table 7). Neither were there significant differences in distribution of control variables 

(Table 7). However, it is conceivable that failed projects are less observable across the entire 

dataset than they may be in reality. Failed projects are likely to exhibit a lack of web-based 

documentation or registration with the various project directories used to identify projects 

(‘incidental truncation’). While there is no way to assess disparity between failure rates 

across the dataset and total project population, Table 6 provides some evidence for bias away 

from failed projects. Observations outside of Scotland relying on digital surveys exhibit close 

to 100% success rates, in contrast to observed success rates in Scotland (73%), which were 

obtained by actively pursuing failed projects by telephone. 

 

In summary then, we find evidence of two forms of endogenous sample selection bias in the 

form of incidental truncation; bias away from larger early stage projects due to non-existing 

outcomes (y) and bias away from failed projects due to unobserved project outcomes (y).  
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Table 8: Univariate means and medians and two tailed T-tests comparing distributions in  the i) total dataset (n=405), ii) sample included in analysis 

(n=160), iii) sample included in the model (n=124) and iv) sample not included in the model ( 3 d.pl)  

Sample FIT/RO 
Tariff 

Site 
acquisition 

  Local  
income 

Leverage  Preplanning        
costs 

Distance 
from Special 
Designations 

Installation 
capacity 

Settlement 
distance 

Connection 
capacity 

i) Total (n=405) 0.178 2          2.485  1.168    10.420       7.986     4.905          8.964              2.900   p50 

0.172 1.249        2.463     1.068    10.404   7.903     5.183          8.521              5.503 µi 

ii) Analysis 
(n=160) 

0.178 1        2.565  1.154    10.331 8.111     4.537          8.947              2.999 p50 

.1724 
 

1.04        2.491  1.055    10.222 7.959     4.772          8.469              4.794 µii 

iii) Model (n=124) 0.178 1        2.485  1.117    10.309 8.111     4.605         8.976              2.900 p50 

0.163 1.104        2.448  1.021    10.107   7.959      4.787         8.580              5.505  µiii 

iv) Excluded from 
model (n=281) 

0.211          2        2.565   1.442     10.969 7.921        5.448         8.957                 2.597  p50 

0.188   1.425          2.470    1.117      10.794  7.849       5.464         8.463              5.500  µiv 

T-test for  iii) and 
iv) 

T= 1.1343 
p= 0.258 
df=160 

   T= 0.3485 
  p= 0.728 
  df=354 

T= 0.2883 
p=0.774 
df=136 

 T=1.9084 
 p=0.058 
 df=162 

T=-0.8547 
p=0.394 
df=215 

     T= 2.0609 
     p=0.0404 
     df=244 

     T=-0.3781 
     p=0.706 
     df=212 

             T=- 0.0032  
             p=0.9974 
             df=176 

        H0: µiv)-µiii)= 0 

 

 

Sample Connection 
distance 

Grid Capacity 
(composite) 

Manpower Access to 
peers 

    Local 
Education 

Organisation     
age 

Profitability Social 
network 

Collective 
agency 

  Social 
cohesion 

i) Total (n=405) 8.490  0.855 1.099         2               81.79   1.447 -1.150         1   1.609       49 p50 

8.350   0.938 1.253     1.771           81.587   1.471 -1.275     1.27619   1.744          39.722 µi 

ii) Analysis 
(n=160) 

8.417   0.682 1.099          2               81.38   1.457 -1.419             1   1.792      49 p50 

8.248 0.917 1.287     1.787          77.429  1.563 -1.444       1.131   1.736          42.367 µii 

iii) Model (n=124) 8.500 0.835 1.099     2          80.76 1.253 -0.696      1 1.609   49 p50 

8.280    0.924 1.384      1.743          75.297 1.465 -1.252     1.051 1.664     40.9 µiii 

iv) Excluded  
(n=281) 

8.489 0.855 1.030     2          83.22 1.540 - 1.178     1 1.792  36 p50 

8.411 0.952 1.115     1.797          84.223 1.475 -1.301     1.477 1.786        39.249 µiv 

T-test for  iii) and 
iv) 

T= 0.7371 
p=0.462 
df=176 

T=0.1260 
p=0.8999 
df=153 

T=-1.5590 
p=0.1205 
df=205 

T=0.3714 
p=0.7107 
df=221 

      T=2.0366 
      p=0.0424 
     df=357 

T= 0.0455 
p= 0.9637   
df=161 

T=-0.0968 
p=0.9231 
df= 90 

   T=0.7937 
  p=0.4283 
  df= 191 

      T=-0.6020 
      p= 0.5476 
      df=347 

H0: µiv)-µiii)=0 

 

T=2.3082 
p=0.02 
df=208 

 

T= 2.0117 
p= 0.046 
df= 191 
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Missing values and collinearity 
 

Given that missing values exacerbated sample size restrictions (where a general rule of thumb 

is at least 10 observations per parameter), model specification and variable choice was 

contingent on the distribution of missing values across the covariate dataset. The table of 

missing values (Table 9) suggested that missing values for profitability, leverage and social 

cohesion were particularly problematic (covariates without missing values are not shown). 

The distribution of missing values across observations suggested that a mere 29 observations 

contained full data for all 19 covariates.  

 

Table 9: Missing values 

Variable Missing 
Observations 

Observations Unique 
values 

Min Max 

Site acquisition 35 125 5 0 4 
Local income 1 159 31 1.098612 3.850147 

Leverage 68 92 70 -6.459577 6.761942 
Preplanning cost 42 118 91 5.075174 17.54088 

Grid capacity (composite) 28 132 66 -48.654 35 
Connection capacity 6 154 85 .6729445 11.14186 
Connection distance 28 132 122 4.871425 10.68693 

Manpower 44 116       55  1.609438      6.55108 
Access to peers 33 127        4           0            3 
Local education 1 159 114 6.310502 207.95 

Profitability         95         65       48   6.88294     9.853523 

Social network 38        122        6           0            5 

Collective agency 62 98 24 0 3.931826 

Social cohesion 10 150 8 1 64 

 

A number of variables are conceptually naturally correlated. The correlation matrix 

confirmed positive correlations between installation capacity and business model (where joint 

ventures are characterized by larger installations), installation capacity and planning cost, 

distance to closest settlement and grid connection point, and finally between local income and 

education levels (Appendix II).  

 

 

4.2.  Model specification 
 

Given that there were insufficient observations with which to specify a general model 

including all 19 variables, candidate correlating variables (r=0.6 or more) with the highest 

number of missing observations were dropped from the initial general model (specifically: 

planning cost, distance to closest grid connection point, and local income levels).  

Throughout the general-to-specific modelling process, coefficients, standard errors and p-

values were on the whole unstable; that is: variables were not consistently significant in the 

presence of other variables. For instance, certain covariate coefficients and Wald goodness of 

fit estimates improved upon inclusion of variable estimates that did not make substantive 
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sense (for instance: Access to peers, β= -0.770, p=0.05). The Wald test Null hypothesis states 

                        (‘the effects of covariates are simultaneously equal to 

zero’) and its χ
2
 statistic is sensitive to violations of model assumptions. Having eliminated 

the possibility of multi-collinearity, there are two (non-exclusive) candidate reasons for 

model instability that were investigated in turn.  

 

Firstly, a potential source of model instability is heteroskedasticity.  This is because there is 

not enough information in binary models to identify both coefficients (β) and variance (σ²), 

such that any heteroskedasticity is directly absorbed in coefficient estimates in probit and 

logit models (see Williams, 2010). Graphically this is equivalent to mis-specifying the scale 

of the cumulative distribution function across subgroups within the sample that in fact have 

different scale distributions and therefore different marginal effects (Keele and Park, 2006). 

Conceptually intuitive factors underlying unequal variance in the model outlined here are 

installation size and organisation age at start of the project, because both are likely to present 

subpopulation differences in the size of marginal impacts of covariates on the observed 

probability of successful early project stages (the scale and gradient of cumulative 

distribution functions is likely to be different across installation sizes and organisation ages). 

That is, we can expect variance in probability of successful early project stages to decrease 

with size of the installation, given that the constraining and enabling factors outlined in this 

analysis are more likely to apply the larger the installation. We might also expect that 

variance in probability of project success is higher for older organisations; because young 

organisations are more likely to be equally disadvantaged by the lack of experience. Finally, 

data quality may be worse for older organisations, because projects may have terminated long 

ago and project details have been forgotten, resulting in larger variance. If these effects were 

present, we would expect a standard probit or logit model to overestimate coefficient 

estimates for older and smaller installations, and underestimate coefficients for younger and 

larger installations.  

 

Heteroskedastic probit models were specified using both installation size and age as 

independent variables to model the variance. Organisation age was significantly and 

positively correlated with variance (χ
2
 = 5.67, p= 0.02), while installation size demonstrated 

no significant correlation with variance and reversed significance of covariates in the probit 

model (χ
2
 = 0.25, p= 0.62) (Table 10). In comparison to a standard probit model, coefficients 

and standard errors differ variably as a result of modelling the latent error distribution as a 

function of organisation age                
 ). The three models in Table 10 are not 

comparable by standard goodness-of-fit statistics because the scaling factors absorbed in 

coefficients are different. These results underline some of the critiques of heterogeneous 

choice models, in that there is no way to validate the presence or absence of specification 

error in the variance model, nor its impacts in generating bias (in addition to any bias 

generated by heteroskedasticity) in model estimates (Keele and Park, 2006; Williams, 2009).  

Besides their sensitivity to misspecification and measurement error, Keele and Park (2006) 

show that heteroskedastic probit models are fairly inefficient even in ideal conditions, and 

argue that measures to correct standard errors are crucial to avoid Type I errors. In addition to 

these concerns, including each and every eliminated variable in models [2] and [3] (Table 
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10), these models remained unstable, with Wald goodness of fit estimates improving upon 

inclusion of (just significant) variable estimates that did not make substantive sense, large 

increases in standard errors, and smaller log-likelihood for the heteroskedastic probit than for 

the standard probit, suggesting that perhaps these models [2] and [3] were subject to iteration 

to local maxima and/or underestimation of standard errors (Keele and Park, 2006).  Given 

these inconsistencies, we turn our attention to assumptions that are violated in small samples 

and identify possible solutions.   

 

Table 10: Heteroskedastic probit models with variance models by organisation age and installation 

capacity (n=43) 

 Installation capacity [1] Organisation age [2] Standard probit [3] 

Variable Β x p-value Βx p-value Βx p-value 
Tariff 19.7 0.08 12.30 0.01 7.79 0.001 
Grid 
capacity 

0.72 0.17 0.47 0.03 0.64 0.01 

Manpower 2.22 0.01 1.24 0.40 0.89 0.00 
Access to 
peers 

-0.40 0.19 -0.45 0.03 -0.44 0.03 

Profitability 1.14 0.03 0.68 0.003 0.60 0.001 
Technology 2.23 0.05 2.18 0.003 1.63 0.004 

 χ
2 p-value χ

2 p-value χ
2 p-value 

ln σ2 0.001 0.619   5.67    0.017   

Wald 
Goodness of 

fit 
12.69 0.048 16.95 0.010 22.32 0.001 

 

A second closely related source of model instability occurs when inclusion of new variables 

and associated random effects result in a rescaling of coefficients and variances and 

covariances of any random effects (as opposed to substantive meaningful changes in 

coefficients) (Bauer, 2009). These rescaling effects are likely to be exacerbated in the context 

of a small sample size, for instance when inclusion of a new variable further decreases the 

model sample size (or elimination of variables increase the model sample size), decreasing 

(or increasing) the efficiency and consistency of the model respectively. In other words, 

given that the marginal effect estimate of a given covariate is conditional on the value of all 

other independent variables as well as the overall residual variance (see Equation 3), in a 

restricted sample inclusion or exclusion of variables may drastically change data distributions 

to the point where it affects the size of coefficients, marginal effects and associated p-values. 

Further investigation suggested that model instability was indeed due to rescaling effects, 

rather than due to model specification. The standard probit and logit model with robust errors 

clustered across organisations (partly shown in Table 10 as model [3]) was not resistant to re-

estimation with bootstrap or jackknife estimated standard errors, the results of which proved 

extremely sensitive to any changes in sample size. Jackknife standard errors are mean 

standard errors derived from generating a distribution of estimates by drawing on the sample 

(n-1) a number of times, each time sampling with replacement. The idea is that, where 

estimates of biases, variances or other measures of uncertainty are thought to be inaccurate, 

they are replaced with estimates that are less dependent on the sample distribution for 

analysis (Hinkley and Davison, 1997).  By dropping one single observation from the dataset 
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at each resampling, jackknife may go some way to improve any biases in coefficients and 

standard errors that arise as a result of a small sample size. 

 

Repeating the general-to-specific process with jackknife estimators and sequentially 

removing variables with highest p-values resulted in a model with one variable (‘specific 

model’, Table 12). No other variables were significant upon inclusion, but site acquisition 

was almost significant (p=0.05, Table 11). However, any additional variables that decreased 

the sample size for analysis also affected the standard errors (and to a lesser degree the 

coefficients) of other covariates, suggesting the stability of this minimal model was 

predominantly an issue of sample size, rather than the substantive contribution of additional 

variables.  

 

Finally, the ML estimator is consistent, efficient, and asymptotically normal under usual 

assumptions and as the sample size approaches infinity. While ML estimators are not 

necessarily bad estimators in small samples, the small sample behavior of ML estimators for 

discrete choice models is largely unknown (Long and Freese, 2006). Table 11 and 12 show 

comparative results for an identical model using a GLM estimator, providing very similar 

results. In conclusion then, while we can conclude that settlement distance has a significant 

effect on early stage project outcome, and that site acquisition may have an effect, we can say 

little about the effects of any eliminated covariates that reduce sample size of this model. 

 

Table 11: Specific probit model with resampling (Two covariates, n=124, clusters=91)  

 Specific  probit with jackknife [4] - ML Specific  probit with jackknife [5] - GLM 

Variable Βx p-value Βx p-value 

Site acquisition - 0.269 0.05  0.617 0.05 
Settlement 
distance 

0.172 0.006 1.256 0.001 

 χ
2 p-value χ

2 p-value 
F Goodness of 

fit (4, 106) 
4.34 0.001 4.16 0.0187 

BIC -465.738 -465.603 
 

 

Table 12: Specific probit model with resampling (One covariate,n=159, clusters=122)  
 

 

 Specific  probit with jackknife [6] - ML Specific  probit with jackknife [7]- GLM 

Variable Βx p-value Βx p-value 

Settlement 
distance 

0.13 0.001 0.215 0.008 

 χ
2
 p-value χ

2
 p-value 

F Goodness of 
fit (4, 106) 

7.38 0.008 7.31 0.008 

BIC -640.478 -640.196 
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Sample selection bias  

As described in Section 4.1 the analysis is likely to be constrained by two forms of sample 

selection bias; bias away from large early stage projects (due to non-existent project 

outcomes), and bias due to unobserved project outcomes (project failures).  We attribute 

these biases to the age of projects and ‘online visibility’ of projects respectively. While there 

is no way to quantify the latter, for the prior we a have candidate determinant of selection 

bias available to fit a selection equation, namely the time between the start of the project and 

the time the survey or interview was taken. A selection equation can be used to predict the 

likelihood that a project is included in the sample, and the equation of interest can then 

control for the likelihood of being selected (Wooldridge, 2010). Fitting a probit model with 

sample selection that is otherwise identical to the jackknife specific probit model shown in 

Table 12, we obtain the following results (Table 13). Sequentially adding each and every 

eliminated variable to this model, no other variables were significant upon inclusion, 

although manpower and site acquisition were nearly significant (p=0.09 and p=0.06 

respectively). The null hypothesis states that the correlation coefficient between error terms is 

zero and cannot be rejected (               ,              ). In other words, there 

is an 11% chance of observing this value of rho given that the Null hypothesis is true. In 

conclusion, the sample at hand provides mild but insignificant evidence for a sample 

selection problem stemming from project age. The Heckman probit provides slight 

adjustments for covariate coefficients and standard errors as compared to a standard probit 

model, but given the small size and insignificance of rho these adjustments are not likely to 

represent important differences.  In the following subsection we include the Heckman 

selection model as a reference with which to compare standard probit models for goodness of 

fit.  

 

Table 13: Heckman probit with selection and jackknife standard errors (n=232) 

Dependent Covariates Βx p-value 

Project outcome 
(y*) 

Settlement 
distance 

0.109 0.011 

Observed y (S) 
S=1 if y is 
observed 

S=0 if y is not 
observed 

Time between 
project start and 
interview date 

(months) 

0.011 0.001 

 χ2 p-value 

F Goodness of fit 
(4, 106) 

6.55 0.01 

LR Test:                     2.5              0.114 

 

Goodness of fit 
 

The model specification process provides three candidate models for interpretation: a 

standard probit with one and two covariates, and an equivalent two-step Heckman selection 

model using time between project start and interview as a predictor in the selection equation. 
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Logit and probit models provided similar results throughout the model specification process, 

demonstrating identical signs and similar sized coefficients and p-values. In theory one 

distribution may be better suited to the data distribution at hand than the other, but the results 

of these models are non-nested, therefore not strictly comparable and standard approaches to 

validation (such as log likelihood tests) provide no indication of which cumulative 

distribution function is more appropriate. Before a discussion on results (Section 4.3) the 

remainder of this section draws on standard post-estimation tools to compare model fit in 

these three candidate models. Unless indicated we adhere to a probit (standard normal) 

cumulative density function throughout this discussion. 

 

McFadden’s Adjusted R
2
 compares the values of log likelihood at convergence of the full 

model with a model without explanatory variables, adjusted for the number of parameters 

(see Appendix III Equation 11 for the equation underlying this measure). Given that these 

log likelihood values represent the maximum log likelihood of observing the data that we did 

observe if estimates were true population parameters, McFaddens adjusted R
2
 is an indication 

of the relative added value of explanatory variables in explaining project outcomes across the 

three candidate models.  The Akaike Information Criteria (AIC) is also a measure of 

loglikelihood of the model, penalized for small sample sizes and large numbers of parameters 

estimated. Bayesian Information criteria (BIC) is a measure of predictive capacity, penalized 

the larger the deviance and lower the number of degrees of freedom. A comparison of these 

three measures clearly shows that the standard probit models outperform the Heckman 

selection model, but there is mixed indication as to performance of single and double 

covariate models (Table 14).  

 
Table 14: Measures of fit across three candidate models 

 Heckman Selection [8] 2 variable probit [4] 1 variable probit [6] 

McFadden's Adj R2 0.020 0.05 0.019 

AIC*n 430.78 123.52 159.34 

BIC -448.01 -465.74 -640.49 

 

 

Expected percent correctly predicted  
 

A number of measures of goodness of fit emerge from comparisons between predicted 

probabilities based on model fit and actual early stage project outcomes (Long, Freese, 2006). 

The percentage of observations correctly predicted (PCP) is shown in Table 15. Also shown 

in Table 15 are expected correctly predicted outcomes (ePCP), which represents the average 

of summed correct predicted probabilities across the sample (Appendix III, Equation 9). In 

contrast to PCP, the ePCP does not require an arbitrary assumption that y=1 at y*≥0.5. 

Standard probit models perform better than the Heckman selection model in terms of both 

correctly predicted and expected correctly predicted outcomes. The last column in Table 14 

represents the percentage reduction in error (PRE), which is an estimate of classification 

errors associated with the model fit in comparison to classification of outcomes to modal 

categories (Appendix III, Equation 10).  In other words, in comparison to classifying 

observations to the modal category only, the standard probit model with two covariates 
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reduces misclassification by 10%. PRE values in the literature are as high as 25%, suggesting 

none of the models contribute to explaining early stage project outcomes in the given sample 

especially well. Nevertheless these results suggest that if we extrapolate fitted binary 

outcomes from fitted probability of outcomes, the standard probit model with two covariates 

outperforms the two other models. Given some of the critiques of the validity of deducing 

fitted outcomes based on probabilities (see for instance Train, 2007), we turn to alternative 

measures of fit.  

 
Table 15: Percent correctly predicted for the three candidate models 

Model Expected  percentage 
correctly predicted 

Percentage correctly 
predicted 

Percentage error 
reduction  

Probit two variables 
(settlement distance, site 
acquisition) [4] 

69.3 79.4 9.9 

Probit one variable 
(settlement distance) [6] 

68.6 79.3 4.5 

Heckman selection 
probit [8] 

56.7 63.4 
 

2.9 

 

 
Receiver operating characteristic curve  
 

ROC curves illustrate the effect of changing the cut-off point at which we assume predicted 

probabilities represent [0,1] outcomes on the proportion of correctly predicted successful 

project outcomes (‘Sensitivity’ axis, Figure 10) and the proportion of correctly predicted 

failed projects (‘1- Specificity’ axis, Figure 10). The larger the area under the ROC curve, 

the smaller the trade-off between Type I and Type II errors. The total area is largest for the 

standard probit model with two covariates, closely followed by the Heckman selection 

equation (Table 15). Given that these are not nested models however, they are not strictly 

comparable. Figure 10 suggests that the probability of misclassification is smallest at cut-off 

point values ranging from 0.25-0.75 for a probit model with two variables. At cut-off values 

above 0.75 and below 0.25, the single covariate model performs better. 

 

 

Table 16: Receiver Operating Curve for the three candidate models 

 Model  Area under ROC curve 95% Conf. Interval 

Probit two variables (settlement distance, 
site acquisition) [4] 

0.70 0.610  -   0.822 

Probit one variable (settlement distance) 
[6] 

0.67 0.572   -  0.761 

Heckman selection probit  (settlement 
distance) [8] 

0.70 0.582 -   0.788 
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Figure 10: Receiver Operating Curve for the three candidate models 

 

Cross validation 
 

Finally, the models were compared in terms of ability to make case-by-case sample 

predictions. The procedure entailed iteratively dropping one observation from the sample, 

running the model on the restricted sample, and using the results of that sample to predict the 

outcome of the dropped observation.  The ability to correctly predict cases was similar across 

the three models, but higher for the standard probit models. For all three models, false 

positives were more common than false negatives.  

 

 
Table 17: Percentage (and number of) observations correctly predicted by cross-validation across 

the candidate models (n=164) 

Model %  (obs) correctly 
predicted 

% (obs) false 
positives 

% (obs) false 
negatives 

Probit two variables 
(settlement distance, site 
acquisition) [4] 

79.9 (131) 18.9(31) 1.2 (2) 

Probit one variable 
(settlement distance) [6] 

79.9 (131) 20.1(33) 0 (0) 

Heckman selection probit  
(settlement distance) [8] 

76.9 (126) 16.1(26) 7.0 (11) 

 

 

4.3.Model results 
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While there is no clear distinction between performance measures of single and double 

covariate probit models, the two covariate model has more even distribution of predictive 

errors across false negatives and positives, while the single variable model predicts 100% 

positive outcomes. The remainder of this chapter and the following chapter will therefore 

focus on the meaning of the results generated by the two covariate model.  

 

 

Marginal effects and odds ratios 

Coefficients suggest site acquisition is negatively correlated and settlement distance is 

positively correlated to project outcome respectively.  The partial derivatives of y with 

respect to covariates x are shown in Table 18, estimated at mean values of independent 

variables (dy/dx). Marginal effect values suggest that an increase in the number of contracts 

to negotiate for land acquisition by one corresponds to a 7% decrease in probability of 

successful early stage project outcome. By the same token, an increase in log unit kilometre 

distance from a settlement or locality corresponds to a 4% increase in probability of 

successful early stage project outcome. An equivalent logit model suggests that for each 

additional land contract to negotiate, the odds of a successful outcome decreases by a factor 

of 0.62 (-37.7%), ceteris paribus. Similarly, being 5km further away from a settlement or 

locality boundary increases the odds of a successful outcome by a factor of 19, given the 

same degree of land access.  

 

Table 18: Coefficients, marginal effects and odds ratios 

Variable Βx ΒSTx p-value dy/dx Odds 
RatioLogit  

% change in 
oddsLogit 

Site 
acquisition 

- 0.269 -0.301 0.05 - 0.07 0.623 -37.7 

Settlement 
distance 

0.172 0.401 0.006 0.04 1.340 34.0 
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5. Discussion 
 

The final chapters of this work attempt to interpret the results outlined here in the context of 

the objectives and research question originally outlined in the Introduction. A closer look at 

the limitations of this study enables formulation of specific recommendations for further 

research, implications for policy, as well as for potential future directions for research in the 

field of community RE.  Chapter 6 provides the reader with a succinct summary of this work, 

highlighting key conclusions and implications. 

 

5.1. Findings and implications 
 

While there is much controversy surrounding the definition of ‘community’, this study 

demonstrates that it is relatively easy to define and distinguish ‘community-like’ entities on a 

purely functional basis. The definition of a community as a place-based social enterprise with 

a mandate for local social and/or environmental improvements was workable for the purposes 

of this analysis. This definition includes for-profit organisations with charitable arms, such as 

housing associations with a mandate for local social or environmental improvements. 

‘Interest-based’ communities such as schools, universities, and sport clubs were excluded on 

the basis that these are largely public institutions that are likely to bring in further 

heterogeneity in key characteristics in the domains of organisational capacity, social support 

and project finance. In other words, an inclusion of interest-based communities is possible 

but is likely to necessitate controlling for organisation type. Within the context of this 

analysis however, there was no evidence that organisation differences consisting of 

manpower, liquidity or profitability of organisations had significant effects on project 

outcome.  

 

Having defined ‘community’, the additional criterion for definition of ‘community project’ 

was ‘active participation in a renewable energy project’ following Walker and Devine-Wright 

(2008). In case of joint ventures, the degree of active participation was sometimes difficult to 

ascertain. While small percentages of community ownership are not likely to meet more 

conservative definitions of ‘community projects’, RE projects exhibiting any proportion of 

ownership by a community organisation were included in the sample for purposes of this 

analysis. This is because, given the lack of overview of this sector, the primary focus of the 

data collection process was to establish the extent and forms of community engagement 

occurring throughout the UK.  The descriptive data suggests that there are key differences in 

cross-country legal and organisational structures, with co-operatives being far more dominant 

in England and Wales than in Scotland. There was no evidence for a relative advantage of 

community-led versus joint venture models in achieving successful early stage project 

outcomes. 

 

The constraints emerging from literature on community energy broadly match those 

emerging from econometric literature on renewable energy adoption, diffusion and SME 

survival. Risks fall under five domains: organisational capacity, social support, regulatory 
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risks, project finance and technical risks.  The discrete choice model outlined here broadly 

confirms a role of organisational capacity and regulatory risks in determining the outcome of 

early stage projects. With respect to organisational resource capacity, communities owning 

project sites have significantly higher probabilities of successful outcomes than communities 

having to negotiate one or more contracts with landowners. With respect to regulatory risks, 

project sites situated further from highly populated areas have significantly higher 

probabilities of successful outcomes. In contrast there was no evidence for the effects of 

vicinity to special designated areas such as cultural heritage sites and national parks. 

 

We find no evidence that community RE projects are more likely to reach planning consent 

stages in less income and educationally - deprived data zones than more deprived data zones. 

While this removes some of the social justice concerns with respect to equal access to public 

support funds, the results do suggest that community organisations owning assets in the form 

of land have a significant advantage over organisations that do not have such access.  

 

To my knowledge, this study is the first to attempt to operationalise and estimate the effect of 

social and grid capacity constraints to (community) power in the context of an econometric 

model. However, indicators for social cohesion based on population density and driving times 

or history of collective agency fail to predict early stage project success. These results 

suggest that the age of a community organisation and the size and isolation of the wider 

community in which it resides has no discernable implications on the success of a project, 

ceteris paribus. There is also no evidence that organisations with formal ties to local 

authorities, businesses and landowners have significantly higher probabilities of early stage 

project success than organisations with no such ties.  

 

With respect to technical risks, there were no significant differences in the probability of 

successful outcomes for wind technologies vis-à-vis other renewable energy technologies. 

This finding contradicts current notions that wind developments may be subject to relatively 

excessive risks of planning rejection, although this may be because high risk of planning 

rejection in the context of wind developments is a recent phenomenon and is simply not yet 

visible in the data. Finally, feed-in-tariffs or prices of renewable obligation certificates at time 

of project start had no discernable effect on early stage project outcome. The following 

section identifies the basis of any inconclusive results and proposes solutions for 

improvement of this analysis.   

 

5.2. Limitations and steps for further research 
 

A number of variables in organisational capacity, social support, technical and finance 

domains were found to have inconclusive effects on early stage project outcome. These were 

manpower, access to peers with project experience, organisation performance (profitability), 

distance to and thermal headroom of nearest grid connection points, liquidity and pre-

planning costs, as well as country-specific dummy variables indicating unspecified country-

specific differences. Other than the possibility that these factors simply do not contribute to 
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determining early stage project outcomes, these variables were subject to a number of 

limitations relating to missing data, non-existent data and poor data quality. Inclusion of these 

variables in the model decreased the sample size and changes in data distributions over which 

the model was fitted, and were in large part responsible for model instability. Sample size 

issues therefore governed most decisions made in the analysis, prohibited the possibility of 

distinguishing between planning rejection and project failure in the context of a multinomial 

model, and were also crucial for the interpretation of results. The following paragraphs will 

take a closer look at issues relating to missing data, non-existent data and data quality, as well 

as other limitations of this analysis.  

 

Foremost, this analysis would have benefitted from a larger sample size, and in particular, a 

higher (more representative) number of project failures and planning rejections. This 

occurred despite a concerted effort to compensate for bias away from failed projects by 

means of telephone interviews. A number of factors contributed to these sample size 

restrictions. First, sample size restrictions arose due to low survey response rates (10%), 

which resulted in low representation of English, Welsh and Northern Irish projects. 90% of 

the respondents who started the survey also finished the survey, suggesting that responses 

were not hampered by the length or nature of the survey itself. The observed response rates 

are not unlike response rates of other surveys targeting community organisations in the UK 

and appears to be inherent to the nature of community organisations; by and large, they are 

understaffed and dependent on the time of volunteers.  

 

Aside from low survey response rates, a second factor resulting in sample size restrictions 

was simply the lack of existence of certain data. For instance, joint venture projects appear to 

be relatively rare throughout the UK, resulting in unequal representation of categories of 

business models. In addition, the majority of projects were at early feasibility stages at the 

time of interview, such that respondents were unable to provide answers for most project-

specific data. This analysis is therefore likely to be substantially improved upon following the 

sample at hand for a longer period of time, and upon further data collection in England, 

Wales and Northern Ireland. This is likely to go some way to eliminating the observed 

attrition of large early stage projects. However, the issue of missing data for failed projects is 

particularly challenging, given that many of these projects fail at very early stages of project 

development. Apart from a conscious effort to identify and target failed projects, the only 

solution to correct for attrition of failed projects is to design indicators for which data 

availability does not depend on having achieved certain project stages.  

 

With respect to the quality of survey data, the responses suggested that cost-related data and 

data relating to local politics were perceived as sensitive data and difficult to obtain from 

respondents. The only proxy for financial viability of projects obtained was therefore feed-in-

tariff rates or price of renewable obligation certificates at time of project start. Given that 

project viability has been a key variable in approaches to estimate RE project risk elsewhere, 

a more accurate indicator for project viability that takes into account natural resource 

availability and installation capacity is likely to improve the overall accuracy of this model 
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(see for instance Russo, 2003 and Sine, David and Mitsuhashi, 2007). A number of ordinal 

questions were inconsistently answered by different respondents from the same organisation, 

suggesting recall error (where respondents no longer remembered the details of a project). 

Overall use of proxy indicators such as ‘categories of stakeholders represented in a board’ 

were less vulnerable to such inconsistencies than ‘Never-Often’ or ‘Yes-No’ questions. For 

purposes of the analysis, binary answers were generally not effective, suggesting that for data 

such as ‘in-house expertise’, it may be better to ask for the ‘number of engineers’ working on 

the project from within staff or members, rather than ‘Yes-No’ to ‘having engineers, 

electricians or other technical experts’. While many of these issues were taken up in the 

second (England, Wales) survey, some questions could not be changed on the basis of 

retaining some consistency in data format. Another variable that suffered from potential 

inaccuracy was manpower, where the indicator used for analysis was based on the number of 

staff and volunteers. Due to the variation in commitment of volunteers, any definitive 

conclusions with respect to labour hours would require taking into account the more precise 

extent of volunteer time to which organisations have access. 

 

For several reasons a number of variables based on externally acquired data were inaccurate 

and may be able to contribute to an analysis upon improvement. Grid capacity indicators 

based on distance to nearest connection point and thermal headroom at nearest connection 

points did not significantly contribute to explaining early stage project outcome. There are 

several possible explanations for this. First, thermal headroom data were cross-sectional 

snapshots for 2011-2102 and may not reflect thermal headroom at the date at which projects 

sought connection to the grid. In other words, current thermal headroom constraints may be 

insufficiently representative of past thermal headroom constraints. Time-dependent grid 

distance and thermal headroom data may be required to more accurately represent grid 

connection risks. Alternatively, thermal headroom may not be representative of factors that 

cause grid connection delays, which are affected by other dimensions of grid capacity 

(network demand and supply) or administrative hurdles. In addition, substantial inaccuracies 

for grid distance data may have arisen from the need to import and georeference pdf maps of 

substation locations. Thermal headroom data was of variable quality; accurate and 

comprehensive for the North of Scotland, but characterised by missing and broad interval 

data for the South of Scotland, England and Wales. Conclusive results for the effects of grid 

capacity constraints would therefore benefit from improved and expanded data in terms of 

both distance and capacity. Finally, some data may have been collected at inappropriate 

levels of resolution. For instance, the proportion of adults without qualifications was 

measured at datazone level representing an area of 500 households in the direct vicinity of an 

organisation postcode. The skills and expertise available to an organisation may be better 

represented by the skills and expertise directly available among its management and 

members.   

 

Technologies were amalgamated within a single model because of sample size limitations, 

despite clear indications from the literature that there are technology-specific risks. For 

instance, the regulatory risks outlined in this study with respect to settlements and special 
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area designations have only been documented for wind turbine developments. It is puzzling 

therefore that the dummy variable distinguishing wind technologies from other technologies 

was not significantly correlated with project outcome in this analysis.  A larger sample would 

allow a more rigorous treatment of the variable effects of the ten renewable energy 

technologies outlined in this study. Furthermore, a technology specific model with a more 

narrow focus on small to medium scale developments is likely to narrow the number of 

causal relationships captured in the data, enable a more accurate formulation of indicators, 

and increase the ‘signal-to-error’ ratio.  

 

Having interpreted the results and discussed their limitations the following Chapter details 

concluding statements emerging from this work, including any implications for both the 

current and potential role of community RE in the UK energy sector.  
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6.   Summary and conclusions 
 

 

This document describes what is to my knowledge the first attempt to place community-

based RE initiatives in a quantitative framework, operationalising and estimating the effect of 

constraining and enabling factors as derived from literature on technology adoption and 

diffusion, SME survival and community renewable energy. The constraints emerging from 

literature on community energy broadly match those emerging from econometric literature on 

renewable energy adoption, diffusion and SME survival. Risks fall under five domains: 

organisational capacity, social support, regulatory risks, project finance and technical risks.   

 

Drawing on survey and web-based data for community RE projects across the UK, a large 

number of variables in these five domains are analysed with respect to early stage project 

outcome in the context of a binary discrete choice model. Results suggest that community 

organisations benefit significantly from owning suitable sites for project development, as 

opposed to leasing or purchasing sites. In addition, the results suggest that early stage success 

of community RE projects is not exclusive to high-income areas. While these results are 

broadly indicative of a role for organisational capacity, the effects of organisation liquidity, 

profitability and manpower on early stage project outcome remain as of yet inconclusive.  

The results also provide evidence for the effects of regulatory and/or social support in the 

form of distance to highly populated areas. While there is abundant anecdotal literature for 

the effects of more complex socio-political and grid capacity constraints, the jury is still out 

on whether these factors affect project outcomes empirically. An expanded analysis based on 

a larger sample of (mature) projects, particularly in Wales, England and Northern Ireland is 

proposed to enable establishment of conclusive results with regards to these factors.  

 

All in all these findings suggest that there is variation in the quality and risk exposure of 

community RE projects that can be ascertained on (at minimum) the basis of land access and 

distance to settlements. In addition, while success of community RE projects is not exclusive 

to wealthy neighbourhoods, these findings suggest that communities do not have equal 

opportunities to develop renewable energy or access public support schemes. Land access 

and regulatory constraints are likely to be key to any policy reforms aimed at facilitating 

effective participation by place-based social enterprises in the renewable energy sector.  

 

The survey generated in this study suggests that the number, size and technological diversity 

of projects are growing, albeit dominated by wind and hydro-electric turbines. The 

community RE sector adopts a colourful array of organisational structures, legal and project 

finance models, including a number of large equity shares in commercial joint venture 

projects. Given growing negative public sentiment surrounding commercial wind projects, 

the next few years is likely to see growth in community joint venture projects.  

 

The model is outlined here is hoped to be a first step to a comprehensive risk assessment tool 

specifically geared towards place-based social enterprises engaging in renewable energy 
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generation. A number of sample size and data quality issues arose from this exploratory 

analysis, which suggest further research would require additional data collection. Other 

research recommendations included narrowing the focus of this analysis to a single 

technology and a narrower range of capacity. Once having tackled these issues, future work 

could entail development of a multinomial model to distinguish between planning rejection, 

withdrawal and the stalling of projects. Furthermore, the model could be integrated with more 

conventional (post-planning) financial risk indicators, such as actual wind speeds or down 

time. A workable risk tool that can effectively distinguish between credit-worthy and 

(politically, socially or financially) unviable projects could substantially contribute to 

increase community uptake of renewable energy in the UK.   
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Appendix I: Variables, indicators and data sources 

Domain Variable (data type) Indicator 
Units or 

range 
Data source 

Outcome 

Probability of reaching 
planning consent stages 

(discrete) 
 

 Planning permission obtained (1) 

 Planning rejected (0) 

 Project stalled prior to planning consent (0) 

[0-1] 

Survey 

Organisational 
capacity 

Organisation age 
(continuous) 

Years since tradable legal entity established at project 
start 

Years 
UKCompanyCheck 

Manpower (continuous) 

- Total number of active volunteers (‘those who 
regularly take part in group activities’) plus paid (full 
time or part time) staff in the community organization 
- Total number of volunteers and (full/part time) staff 
working on the RE project 

Individuals 

Survey 

Local  education  
% of adults with no qualifications [at ward (NI), lower 
supra output level (England, Wales) or data zone level 
(Scotland)] 

% adults 

Scottish Neighbourhood Statistics (2009), 
Neighbourhood Statistics UK (2001), 
Northern Ireland Neighbourhood Information 
Service (2010) 

Profitability (continuous) Average annual change in   
          

             
 £ 

UK CompanyCheck, Company financial 
reports 

Access to peers with 
project experience (ordinal) 

Access to 1 or more people in other communities with 
previous experience in setting up similar projects 

[1-4] 
Survey 

Regulatory 

Distance from special 
designated area 

(continuous) 

Distance of installation site from special designated 
area 

Kilometres 
 

Natural England, Scottish Natural Heritage, 
Countryside Council for Wales, Environment 
& Heritage Service. 

Settlement distance 
(continuous) 

Distance of installation site from settlement or locality 
Kilometres 

 

Scottish settlement and locality data (2001),  
Northern Ireland Statistics and Research 
Agency (unknown), UKBorders (unknown) 

Landscape saturation / 
industry concentration 

(continuous) 
Number of wind turbine installations in the council Installations 

Council e-planning services 

Technical Connection distance and 
capacity (continuous) 

Distance to grid connection point 
Thermal headroom at nearest connection point 

Kilometres 
MW 

Scottish and Southern Energy/ Scottish 
Power, 2011-2012 

Social support Social cohesion (ordinal) 
2009-2010 Urban Rural Classification based on 
settlement size and drive times 

[0-8] 
Scottish Neighbourhood Statistics, Office for 
National Statistics, NISRA, DEFRA 
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Collective agency 
(continuous) 

Years of active engagement in community oriented 
activities at project start 

Years 
Survey 

Social network (ordinal) 

Presence of external parties sitting in the management 
body, with categories: 

 Community councillor 

 Local authority councillor 

 Local landowners 

 Other agencies, namely: 

 None of the above 

[0-5] 

Survey 

Community 
representativeness 

(continuous) 

No. of members/ total number of people living in a 
geographic administrative boundary 

Individuals 
Survey,   General Register Office (2001) 

Financial 

Financial viability 
(continuous) 

FIT rate at time of commissioning 
pence per 

kWh 
generated 

OFGEM  

Land access (ordinal) Number of rent or purchase contracts to negotiate  [0-4] Survey 

Cost incurred during pre-
planning phase 

(continuous) 
Cost of feasibility study and planning application £ 

Survey 

Access to seed capital 
(continuous) 

                

                             
    £ 

UKCompanyCheck, Company financial 
reports 

Local income deprivation 
% of adults claiming benefits [at ward (NI), lower supra 
output level (England, Wales) or data zone level 
(Scotland)] 

% adults 

Scottish Neighbourhood Statistics (2009), 
Neighbourhood Statistics UK (2010),  
Northern Ireland Neighbourhood 
Information Service (2010) 

Control 
variables 

Country 
Scotland [1] 
Other [0] 

[0-1] 
Survey, Scottish Neighbourhood Statistics 
Postcode Lookup, UK Neighbourhood 
Statistics Postcode Lookup 

Region 
For all regions: 
Region [1] 
Other [0] 

[0-1] 
Survey, Scottish Neighbourhood Statistics 
Postcode Lookup, UK Neighbourhood 
Statistics Postcode Lookup 

Technology type 
Wind (1) 
Other (0) 

[0-1] 
Survey 

Organisation type 
For all organisation types: 
Organisation type [1] 
Other [0] 

[0-1] 
Survey, web-based data 
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Appendix II: Correlation matrix 

 

 

 

                Business Model FIT/RO Tariff Site Acquisition  Local Income  Leverage  Planning Cost Site suitability Capacity Settlement Distance 

-------------+---------------------------------------------------------------------------- 

Business Model    |  1.0000 

FIT/RO Tariff     |  0.0144      1.0000 

Site Acquisition  |  0.1550      0.1466         1.0000  

Local income      | -0.0417     -0.2427         0.0301         1.0000 

Leverage          |  0.2169      0.2986        -0.1368        -0.1205      1.0000 

Planning cost     |  0.3977     -0.1677         0.3231         0.2273     -0.2100      1.0000 

Site suitability  | -0.0273     -0.1317        -0.0245         0.4153      0.0205      0.2301       1.0000 

Installation size |  0.5993      0.0613         0.3681        -0.0280      0.0508      0.7018       0.1219        1.0000 

Settlement distance| 0.0406      0.0553         0.0013         0.0095      0.2959     -0.2126       0.3406        0.0406       1.0000 

Thermal headroom  |  0.3448      0.2157         0.1264        -0.3893      0.3716     -0.0493      -0.3181        0.1951      -0.0885 

Grid distance     |  0.1541     -0.0553        -0.0792        -0.2066      0.2714     -0.2834       0.0577       -0.0730       0.7167 

Manpower          | -0.0339      0.0418        -0.2282         0.0352     -0.1297     -0.0729       0.1650       -0.0312      -0.0271 

Access to peers   |  0.1366      0.0749         0.3623         0.2247     -0.4452      0.3157       0.2243        0.3485      -0.0351 

Local education   | -0.0379     -0.1330         0.0974         0.7997      0.1184      0.0114       0.4363       -0.0548       0.2782 

Profitability           | -0.4333     -0.2703        -0.1383         0.2929     -0.3670     -0.2393       0.0900       -0.3620      -0.0174 

Organisation age  |  0.4658      0.3662         0.1381        -0.2569      0.2780      0.0148      -0.1981        0.5176       0.0144 

Social network    |  0.1264      0.0869        -0.0088         0.0250     -0.1651      0.3194       0.1855        0.2835       0.1028 

Years activity    | -0.0794     -0.2585        -0.3664        -0.2263     -0.0475     -0.1753       0.0174       -0.1956      -0.0811 

Rurality           | -0.4372     -0.0219        -0.2001        -0.0918      0.0563     -0.4734      -0.0742       -0.4212       0.4304 

 

                Thermal headroom Grid Distance  Manpower    Access to Peers Local Educ Profitability Organisation age Social Network Years active       

-------------+---------------------------------------------------------------------------- 

Thermal headroom|   1.0000 

Grid distance   |   0.0932       1.0000 

Manpower        |   0.0804      -0.0459        1.0000    

Access to peers |  -0.0730      -0.2884        0.3398          1.0000 

Local education |  -0.2525      -0.0068        0.0252          0.1909      1.0000 

Profitability     |  -0.6264       0.0063       -0.2085         -0.0533      0.1908      1.0000 

Organisation age|   0.5548       0.1136        0.1203          0.0118     -0.1022     -0.3740       1.0000 

Social network  |  -0.2946      -0.0891        0.1421          0.2953     -0.0424     -0.0466      -0.1277         1.0000 

Years active    |  -0.0012       0.0109        0.1740         -0.3160     -0.2994      0.0187       0.1708        -0.1420       1.0000 

Rurality        |  -0.1267       0.2027        0.2216         -0.1246      0.0213      0.1990      -0.0917        -0.0644       0.3671 
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Appendix III: Equations 
 

Percent correctly predicted (PCP) 

         
                             

 
                                                               Equation 8 

 

Where correct predictions are defined as: 

      

And where: 

                  

 

Expected percent correctly predicted (ePCP) 

      
 

 
                                                                                             Equation 9 

 

 

Percent reduction in error  (PRE) 

    
                       

                      
                                                                                Equation 10 

 
 

 
 
 

McFadden’s Adjusted R
2 

 

    
    

             

                
                                                                                                                Equation 11 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 



 

 v 

Appendix IV: Anonymous survey 
 

Q1.1 This survey will ask you about details of your community renewable energy installations.  The survey is 

part of a project called SCENE Connect, supported by the Edinburgh Centre for Carbon Innovation and 

Wageningen University. If you have any questions about this survey or the knowledge exchange platform 

contact jelteh@scenetwork.co.uk or telephone: 075 81015628.   You are not obliged to respond to any of the 

questions, but we guarantee that your response will be kept confidential, meaning that no one beyond our team 

will be able to connect your responses with your name or organization.         

ID no:_____________________________Date taken:________________________________  
Your name (or name of your project manager) (1)_____________________________________ 
Name of your organization (2)_____________________________________________ 
Postcode of your organization (3)________________________________________ 
Your/ your organization email address (4)___________________________________ 
Website (5)_____________________________________________________________ 
Telephone (6)_____________________________________________________________ 
 
Q2.2 Please tell us which renewable energy technologies your organization is developing by marking the 

appropriate boxes. Please exclude renewable energy schemes for single domestic residences and include any 

discontinued projects. If you are developing the same technology at two different sites, please describe the 

second site location under the second column. 

 Yes, we First installation Second installation 

 
have/ are developing this 

technology! (1) 
Installation 1 is sited at: 

(1) 
Installation 2 is sited at: 

(1) 

Wind installation(s) (1)     

Solar photovoltaic 
scheme(s) - (solar 

electricity) (2) 
    

Solar thermal scheme(s) - 
(solar heating) (3) 

    

Hydro-electric scheme(s) 
(4) 

    

Anaerobic Digestion 
scheme(s) (5) 

    

Woodfuel Biomass (Heat) 
(6) 

    

Combined Heat and 
Power (Biomass) (9) 

    

Energy Efficiency 
measures and/or advice 

(10) 
    

Other, namely: (8)     

 

Q3.1 When did your organization first engage in community oriented activities?   (Please type the year e.g., 

2009) 

Q3.2 How many volunteers, staff and members does your community organisation currently have? (Please 

write number in the appropriate box below) 
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 No. of individuals  

Active volunteers (those who regularly take part in group activities) (1) ___________ 

Permanent paid staff (full time and part time) (2) 
Members (3) 
 
I don’t know! Ask. Eg. Judith.hall@btconnet.org 

___________ 
 

____________ 
 

___________ 

 

Q3.3 The following lists a number of motivations for community groups to get involved in renewable energy 

projects. Which of the following motivations is the MOST relevant to your organization?  Please mark your 

most important motivation by ticking the box 

 To generate local income/strengthen the local economy (1) 

 To secure local control over aspects of an already planned commercial project eg. partial ownership, siting, 

scale or orientation of wind turbines (2) 

 To lower energy costs (3) 

 To increase  availability or reliability of electricity supply (4) 

 To decrease the community’s carbon footprint and/or increase energy awareness (5) 

 To increase the community&#39;s self-sufficiency (6) 

 To strengthen the community’s sense of togetherness (7) 

 Other, namely: (8) ____________________ 

Q3.4   Does your organization have one or more members, volunteers or staff with the following expertise 

working on/contributing to your renewable energy projects?  (Please mark yes or no as appropriate) 

 YES (1)    NO (2) 

Engineers, electricians or other 
technical experts (1) 

    

Individuals with experience in 
running a project of similar size (2) 

    

Individuals with professional 
experience in accounting, financial 
planning, and/or managing cash-

flows (3) 

    

Individuals with professional legal 
expertise (4) 
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Q3.5   Does or did your organization benefit from access to knowledge or experience from other community 

groups engaged in community renewables? Please mark the answer that best applies to your situation. 

We have: 

 No regular access to people from other community groups with previous experience to help us with any 

aspects of our project (1) 

 Access to 1 or more groups with previous experience, who help us with some aspects of the project (2) 

 Regular access to 1 or more groups with previous experience, who can help us with most aspects of the 

project (3) 

 Regular access to 1 or more groups with previous experience at all phases of project development (4) 

Q3.6 Do you have individuals from external parties on the board or management body of your organization, or 

in the project steering committee?  External parties on your board, management or steering committee include: 

(Please mark the answer that applies to your situation) 

Community councillor(s) (1) 

Local authority councillor(s) (2) 

Local landowner(s) (3) 

Local business(es) (7) 

Other agencies, namely: (4) ____________________ 

None of the above (5) 

 

Q3.7  Did your local area authority inform you about the opportunities of renewable energy development, 

support, or take interest in the project process? Example: making you aware of suitable land.  Please mark the 

answer that best applies to your situation  

No never (1) 

Yes, occasionally (2) 

Yes, frequently (3) 

 

Q3.8 How did you find the following organizations in dealings with your organization?  Please mark the answer 

that best applies to your situation: 
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 Staff have been 

 

Knowledgeable 
always (1) 

Mostly 
knowledgeable 
(2) 

Mostly 
unknowledgeable 
(3) 

Unknowledgeable 
always (4) 

We have 
not 
approached 
them yet (5) 

Your local 
Council  (1) 
 

          

Your electric 
utility company 
(eg the National 
Grid) (2) 
 

          

Your commercial 
developer or 
installer   
(Example: 
Airtricity, 
Renewable 
Energy Systems, 
West Coast 
Energy) (3) 

          

 

Q3.9 How did you find the following organizations in dealings with your organization?  Please mark the answer 

that best applies to your situation: 

 Staff have been 

 
Entirely 

Supportive (1) 
Mostly 

supportive (2) 

Mostly 
unsupportive 

(3) 

Entirely 
unsupportive 

(4) 

We have not 
approached 
them yet (5) 

Your local 
Council  has 

been (1) 
 

          

Your electric 
utility company 
has been (e.g. 
National Grid) 

(2) 
 

          

Your 
commercial 

developer or 
installer has 

been  (Example: 
Airtricity, 

Renewable 
Energy Systems, 

West Coast 
Energy) (3) 
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INSTALLATION 1 
Technology:______________________________ 
Site:___________________ 
 
Q4.1 The following questions apply to your [wind] installation When did your [wind] project start?  Example: 

the date on which your organization first met to discuss why and how to pursue this project. Please enter an 

approximate month/year as follows: 01/2009 

Q4.2 What is the (planned) total capacity of the installation in kW or MW?  Please write down the value next to 

the relevant units below  

in kW: (1)_____________ 

or in MW: (2)__________ 

I don’t know, ask: e.g. judith.hall@btconnect.org (3): _______________ 

 

Q5.1 Where are you currently at in this wind project?   Please tick the boxes of all project phases you have 

completed as appropriate 

 Yes  this applies to us! No   Not yet This is not relevant to our 
project 

 (mark box) (1) (mark box) (1) (mark box) (1) 

Our wind turbine(s) are 
functional and operating 

(10) 
      

This wind project was 
discontinued before 

completion (11) 
      

Grid connection was 
granted (4) 

      

Full planning consent 
was granted (5) 

      

Provisional planning 
consent was granted (18) 

      

Planning consent was 
rejected (9) 

      

Planning application was 
submitted (6) 

      

Site was secured (ie. we 
settled on a contract for 

lease or purchase of land) 
(7) 

      

Technical Feasibility 
assessment completed 

(8) 
      

 

Q5.2 Feel free to describe which project phase you are in now, if not captured by the above  Example: We 

haven't gotten to any of these stages  OR  We have completed a detailed feasibility assessment, but have met 

with problems securing the initial development site, and are now negotiating another site, for which 

provisional planning consent was 



 

 x 

granted

 

Q6.1 How did or will your organization secure land for the wind installation?  The site is: (Please mark at least 

one answer) 

 Owned by your organization (1) 

 Owned by your partner organization in this project (2) 

 Leased from one landowner (3) 

 Leased from two different landowners (4) 

 Gifted or under free use agreement (5) 

 Purchased (6) 

 We do not know how we will secure land yet (7) 

 Other, namely: (8) ____________________ 

 Not applicable (9) 

IF LAND LEASED OR PURCHASED: 

Q6.2 Did you experience difficulties, disputes or delays in negotiating the land lease or purchase? Please 

mark the answer that best applies to your situation 

 No difficulties (1) 

 Some minor difficulties (2) 

 Significant difficulties (3) 

Q6.3 We would be grateful if you could break down the project costs involved in your wind project as follows.  

Please enter a number in pounds - a rough estimate is okay! 

 Cost of project phase We haven't gotten here yet! 

 £ (1) / I would rather not say (1) 

Total (projected) project cost (7) ______________   

Cost of planning and development 
(technical feasibility assessment 

and planning application) (8) 
_____________   
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Q6.4 So far, how is your wind project being funded? Please mark YES for funding sources that apply to you and 

provide names of your partner organization where possible. 

 Does this funding source apply to you? Name of charity, bank, 
investor 

 YES (1) MAYBE (2) 
or lending institution 

(optional) (1) 

Grant or charity-funded 
(1) 

 
     

Public loan eg. CARES 
loan (2) 

 
     

Equity partnership / joint 
venture  with another 

organization, namely: (3) 
 

     

Self-funded from our 
reserves (4) 

 
     

Self-funded from 
community shares (6) 

 
     

Bank or commercial loan 
(5) 

     

 

Q6.5 Has your wind project experienced any resistance from within the community?  Please mark the answer 

that best applies to your situation 

 There have been no objections voiced against the project (1) 

 One or two individuals in the community have voiced concern (2) 

 One or two people in the community object strongly (3) 

 Several people in the community object strongly (4) 

 There exists an organized campaign from within the community against the project (5) 

Q6.6 Have you or will you be applying for Feed-In-Tariffs or Renewables Obligations Certificates for this project? 

Please mark the appropriate answer 

 Feed-In-Tariffs (1) 

 Renewables Obligations Certificates (2) 

 None (3) 

 


