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Executive Summary  

Spéird, loosely translated, means energy or force, but a slight change to that pronunciation and the 

meaning becomes to critically examine something, and it is only through critical, agnostic, 

examination that we can begin to disentangle complexity, question common assumptions, and 

ultimately differentiate what we know from what we think we know. 

The Spéird Project validates and substantially expands findings from a previous project on fuel 

poverty funded internally by Glasgow Caledonian University and supported by Renfrewshire Council. 

This found significant differences between the amount of money urban and rural households in 

Renfrewshire spend on fuel for heating, and raised numerous questions over the validity of common 

assumptions and proxies used to identify and support fuel poor households in Scotland.  

This new project, which was only made possible by the support of the Eaga Charitable Trust, was 

able to bring together a wider partnership of organisations who were able to use their existing 

records, support services, local knowledge, and trusted statuses to build and analyse a set of highly 

robust datasets to investigate the technical, socio-economic and geographical influences on fuel 

poverty in Scotland. It also includes a pilot study to gather qualitative evidence on the energy 

behaviours of households in the highlands. 

Key Findings  

 We found significant new evidence to question the common assumption that there is a linear 

relationship between household income and expenditure on energy for those on the highest 

and lowest incomes - i.e. those on the highest incomes are spending disproportionately more 

and those on lowest incomes are spending disproportionately less. 

 

 In concordance with this, we found further evidence to suggest that the ‘real’ distributions of 

household fuel are heavily skewed towards lower expenditures, particularly in rural and island 

areas, with long ‘tails’ towards very high expenditures. This means reporting median averages 

for fuel poverty statistics may be misleading, particularly to politicians and the general public.  

 

 Although not conclusive, we found new evidence to suggest that, for rural and island 

households, expenditure on non-electric heating (only) does not necessarily increase, and may 

actually decrease, at higher incomes. Conversely, we found strong evidence that household 

expenditure on all energy needs increases disproportionately with income for those using 

electric heating. However, this is also consistent with other research that shows this is likely to 

be mainly due to other (non-heating) energy use.  

 

 Whilst the average heating costs of households increases with the number of occupants, so 

does the variation in those costs. So it is not safe to assume that larger households necessarily 

spend more on heating. 
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 Occupant behaviour appears to explain a significant amount of this variation, and the energy 

behaviours of rural and island households do appear to be more complex and multi-faceted. We 

also found evidence to confirm the existence of rural householders self-limiting their 

expenditure on heating. 

 

 The influence of employment is difficult to disentangle due to the number of possible 

combinations of employment types for any individual household however, there we did find 

statistically strong evidence of households where all occupants are full-time employed spending 

more on all their energy needs than those where all occupants were retired. 

 

 We found conflicting evidence on the influences of, and between, the number of occupants, the 

number of bedrooms, and other ‘known’ influences on energy consumption, which both 

supports and questions the findings of previous studies and further demonstrates the 

complexity of the problem of identifying fuel poor households.   

 

 Finally, we were able to confirm that key finding of the Renfrewshire study, that a statistically 

significant difference exists between the heating fuel spend of households in urban areas and 

those in rural and island areas of Scotland. In addition, we found the difference to be more 

significant for the rural households than for island households. However, this latter finding may 

reflect known socio-economic differences between the rural and island populations that were 

sampled for the study. 

Recommendations  

 Tackling fuel poverty in rural and island Scotland requires a distinctly different policy approach 

than for urban areas. This is because the nature and distribution of household expenditure on 

energy is the result of a wide and complex range of inter-related influences, including occupant 

behaviour, and this complexity is significantly greater amongst the fuel poor and households in 

rural and island areas. 

    

 The use of the income domain of the Scottish Indices of Multiple Deprivation is valid as a proxy 

measure for targeting energy profligate households on higher incomes however, its value for 

targeting fuel poor households on the lowest incomes is highly questionable.    

 

 Conventional social science-based approaches to policy making, which attempt to group 

households into small numbers of categories and assign solutions to those categories rather 

than to individual householders, are failing households in fuel poverty, and particularly those in 

rural and island Scotland.  

 

 If we are to really address fuel poverty amongst the most vulnerable and isolated communities 

we need to treat fuel poverty as primarily a welfare problem, and to treat householders as 

individuals, not statistics. 

Keith Baker, Ron Mould, & Scott Restrick 

November 2016 
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Introduction 

The Scottish Government’s target of eliminating fuel 

poverty has long been acknowledged as unachievable, 

with the most recent reported national fuel poverty 

levels of 39%1.  However, levels vary significantly across 

the urban-rural divide and between different socio-

economic demographics - at the extreme reaching 85% 

for pensioner households in the Orkney Islands2. 

Furthermore, many of these statistics are based on 

estimated energy data, modelled / assumed building 

data, and other assumptions and proxies that our own 

and others’ previous research suggests would be less valid for rural and island households. If this is 

indeed the case then current policies are failing to meet the needs of householders in rural and island 

areas, and so the more we learn about the real nature of the problem in these areas the more able 

we will be to design effective solutions3.  

Previous research conducted by the GCU team has suggested that current policies for addressing 

fuel poverty are insufficiently sensitive to the needs and circumstances of rural households (Baker et 

al., 2014). In particular because the (modelled) carbon savings from energy efficiency schemes do 

not, or do not sufficiently, account for the differences in the (carbon and financial) savings from 

interventions to urban and rural homes, which has resulted in a situation where the major energy 

companies delivering these schemes have tended to concentrate their efforts in the Central Belt and 

urban areas, where the economies of scale are greater. There is also some evidence that the poor 

take up rates in rural areas have damaged smaller local businesses who have invested in becoming 

accredited to deliver them4. If this is indeed the case then current policies are failing to mitigate rural 

fuel poverty through their inability to clearly define the distribution pattern of the problem5; and by 

attempting to mitigate a rural problem through solutions designed to work in urban environments. 

The Spéird Project was designed to validate and extend a study conducted by Ron Mould, who is 

Energy (Communities) Officer at Renfrewshire Council and a PhD student with Dr Keith Baker. This 

study used measured data on fuel use and fuel spend, matched with individual data from building 

surveys and other records held by Renfrewshire Council. The results show that rural households in 

                                                             
1 Scottish Government, 2014. Quality – Fuel Poverty. Summary report from the Scottish House Condition 
Survey. 
2 Scottish Government, 2015. Scottish House Condition Survey 2014. Scottish Government publication. 
3 Boardman, B., 2012. Fuel poverty synthesis: Lessons learnt, actions needed. Energy Policy, 49, pp. 143–148. 
4 Baker, K.J., Emmanuel R., & Phillipson, M., 2014. Review of the Energy Assistance Package. Scottish 
Government publication. 

Mould, R., Baker, K.J., & Emmanuel, R., 2014. Behind the Definition of Fuel Poverty: Understanding differences 
between the Fuel Spend of Rural and Urban Homes. Queen’s Political Review, Vol. II, 2014, Issue 2, pp. 7-24. 
5 Fell, D., & King, G., 2012. Domestic energy use study: to understand why comparable households use different 
amounts of energy. Brooke Lyndhurst report for DECC, November 2012. 

Current policies are failing to 

meet the needs of householders 

in rural and island areas. The 

more we learn about the real 

nature of the problem in these 

areas the more able we will be 

to design effective solutions. 
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the area, including those on mains gas, are spending significantly more (in real terms) on energy for 

heating and hot water than is currently assumed6.  

A key question Speird was designed to address is how well appropriate current assumptions about 

fuel poverty, which is currently described by the fuel poverty metric and the SIMD income domain, 

reflect actual fuel spend distribution geographies. Critically, the main metric used for the 

Renfrewshire study was actual fuel spend, meaning the results are completely agnostic to these 

standard assumptions and proxies, and the dataset is therefore able to identify and describe the 

‘hidden geographies’ of vulnerable households.  

The results that follow serve both to confirm the Renfrewshire findings and add weight to the 

critique of using income as a proxy metric for targeting the fuel poor, as well as variously supporting 

and questioning findings from other previous research. 

Aims and Objectives 

The aims of the Spéird Project were: 

1. To validate, or otherwise, the evidence from a previous study carried out in Renfrewshire7 which 

found an ‘energy gap’ to exist between the real costs of the energy used by urban and rural 

households. 

2. To identify and understand the influences on energy consumption and spend specific to rural 

households that explain why this gap has been observed, and to provide evidence for their 

consideration in future statistical reporting (e.g. the Scottish House Condition Survey) and local and 

national fuel poverty programmes. 
 

The objectives of the Spéird Project were: 

1. To replicate and expand the Renfrewshire study, using data that is available to local and national 

government with no or minimal need for additional surveying, and verify that the findings apply 

across Scotland.  

2. To describe the heterogeneity of fuel poverty and identify geographic, socio-economic and socio-

geographic distribution patterns for low actual fuel spend. 

3. To conduct an additional study to identify and understand the factors specifically influencing rural 

fuel poverty which have yet to be sufficiently addressed by previous research and government 

policy.  

                                                             
6 Mould, R., Baker, K.J., & Emmanuel, R., 2014. Behind the Definition of Fuel Poverty: Understanding differences 
between the Fuel Spend of Rural and Urban Homes. Queen’s Political Review, Vol. II, 2014, Issue 2, pp. 7-24. 
7 Mould, R., Baker, K.J., & Emmanuel, R., 2014. Behind the Definition of Fuel Poverty: Understanding differences 
between the Fuel Spend of Rural and Urban Homes. Queens Political Review, Vol. II, 2014, Issue 2, pp. 7-24. 
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Background   

Consider Figure 1. This shows the how strongly the average annual expenditure on gas for UK 

households correlates annual household income. Now consider that, according to the think tank the 

Resource Foundation8, in 2014 the (median) average household income in Scotland was £23,000. So 

even at this level of analysis we can see that Scottish households on average or lower incomes are 

spending more than UK average on gas. And, of course, gas is a more efficient and less expensive 

option for space and water heating than electricity and most other fuels, and many households in 

rural and island Scotland have no connection to the gas grid.     
 

 

Figure 1. Average annual spend on gas versus household income for the UK9 

 

This disparity represents an urban-rural energy spend gap that has long been asserted by those 

working on the ground and, to a certain extent, has become visible in more recent statistics, but the 

Renfrewshire study showed, at least within the region, that this gap was even greater than had been 

assumed. It also pointed to the existence of another phenomenon for which the previous evidence 

has been largely anecdotal, that of the average fuel spend of rural households decreasing with 

increasing income (see Figure 2). 

                                                             
8 See publications and statistics at: http://www.resolutionfoundation.org/theme/wages-and-income/ 
9 Mould, R., 2016. Fuel Poverty Mitigation and District Heating Systems. Forthcoming PhD thesis, Glasgow 
Caledonian University. Based on data from: DECC, 2015. National Energy Efficiency Data-Framework (NEED) 
table creator. Department for Energy and Climate Change, London, UK. 
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Figure 2. Average daily fuel spend of households in Renfrewshire, by SIMD income decile10 

(Note: Figures for deciles 7-9 represent a small number of records, it is the difference between 

deciles 1-3 and 4-6 which is significant) 

 

Furthermore, discussions with Spéird partners, Steering Group members, and other stakeholders 

pointed to other insufficiently understood and reported phenomena and influences on household 

energy consumption being more common amongst rural and island households, including self-

limiting of energy use (e.g. by setting aside a set amount of money per month) and having more 

permeable thresholds (i.e. opening external doors more often for family, visitors and pets). 

Yet despite a potential wealth of evidence, including information held by local authorities and 

frontline organisations working in rural and island communities, until now little has been done to 

quantify and qualify it with respect to actual household energy data. Needless to say, this is not a 

simple task, but it can be done.        

  

                                                             
10 Mould, R., Baker, K.J., & Emmanuel, R., 2014. Behind the Definition of Fuel Poverty: Understanding 
differences between the Fuel Spend of Rural and Urban Homes. Queens Political Review, Vol. II, 2014, Issue 2, 
pp. 7-24. 
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Introduction to socio-economic studies of household energy 

consumption 

To date, very few UK studies have been conducted that analyse socio-economic influences directly 

against actual records of household energy consumption and / or expenditure on fuel. In the UK, as 

far as we are aware, there have been seven such studies11, of which the Renfrewshire study is the 

seventh, and the first to be conducted across the urban-rural divide (see Table 1). Spéird now 

becomes the eighth and, as far as we are aware, is the first to have a specific focus on rural and 

island areas.  

Although still relatively rare in the UK, the approach was pioneered in Australia12 which, along with 

New Zealand, is relatively unique in that it both conducts extensive assessments of its building stock 

and also recognises the condition of fuel poverty. These studies are typically conducted at the scale 

of several hundred homes to several thousand households, although some non-UK studies have 

sample sizes in the thousands. 

The key challenge when designing such studies is how best to reconcile the limitations of the two 

traditional approaches to studying differences in domestic energy consumption and household fuel 

spend - namely large-scale modelling-led (‘big data’) approaches and small scale empirical studies 

(e.g. using monitoring equipment installed in homes). The former lack the granularity that may be 

necessary to pick up on more localised influences on energy consumption (e.g. local physical and 

social geographies) and are open to errors from using assumption and proxy data secondary data 

sources, which is one of several important criticisms levelled at modelling-based studies13. Whilst the  

                                                             
11 Baker K.J., & Rylatt, M., 2008. Improving the prediction of UK domestic energy demand using annual 
consumption data. Applied Energy, 85, pp. 475-482.   

Druckman, A., & Jackson, T., 2008. Household energy consumption in the UK: A highly geographically and 
socio-economically disaggregated model. Energy Policy, Vol. 36, (8), pp. 3177-3192.  

Hamilton, I.G., Steadman, P.J., Bruhns, H.R., Summerfield, A.J., & Lowe, R., 2013. Energy efficiency in the British 
housing stock: energy demand and the Homes Energy Efficiency Database. Energy Policy, Vol. 60, (2013), pp. 
462-480. 

Jones, R.V., Fuertes, A., & Lomas, K.J., 2015. The socio-economic, dwelling and appliance related factors 
affecting electricity consumption in domestic buildings. Renewable and Sustainable Energy Reviews, Vol. 43, 
(2015), pp. 901-917. 

Mould, R., Baker, K.J., & Emmanuel, R., 2014. Behind the Definition of Fuel Poverty: Understanding differences 
between the Fuel Spend of Rural and Urban Homes. Queens Political Review, Vol. II, 2014, Issue 2, pp. 7-24. 

Summerfield, A.J., Lowe, R.J., Bruhns, H.R., Caeiro, J.R., Steadman, J.P., & Oreszcyn, T., 2007. Milton Keynes 
Energy Park revisited: changes in temperatures and energy usage. Energy and Buildings, 37, (7), (2007), pp. 
783-791. 

Wyatt, P., 2013. A dwelling-level investigation into the physical and socio-economic drivers of domestic energy 
consumption in England. Energy Policy, Vol. 60, (2013), pp. 540-549. 
12 Perkins, A., 2002. The Influence of Urban Form on Life Cycle Transport and Housing Energy and Greenhouse 
Gas Emissions. School of Geoinformatics, Planning and Building, University of South Australia. 
13 For key critiques of building energy modelling see: 

Affinity Sutton, 2013. FutureFit: Final Report Part 2. Affinity Sutton July 2013. 
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latter are limited by the costs of monitoring equipment and risk occupants adapting their behaviour 

because of being aware they are participating in a study (also known as the Hawthorne Effect14).  

The key strength of these studies is that they use real data on household energy consumption, as 

opposed to modelled or estimated data, which is obtained variously from central and local 

government, energy suppliers, housing associations, or other data managers. This is matched with 

information and data on the dwellings and households held by those organisations, and may be 

further verified through cross-checking with other sources and / or surveying (walk-by surveys, 

household questionnaires, etc). The resulting datasets represent the most empirically robust data 

available on domestic energy consumption after those built from physical monitoring, whilst being 

large enough to produce statistically significant evidence on socio-economic influences on energy 

consumption amongst and between communities.  

 

                                                             
Audenaert, A., Briffaerts, K. and Engels, L., 2011. Practical versus theoretical domestic energy consumption for 
space heating:  Energy Policy 39, 5219-5227.   

Baker, K.J., Emmanuel, R., & Phillipson, M., 2012. Support for RPP2 - Housing Futures. Report for 
ClimateXChange Scotland.  

Baker, K.J., Emmanuel, R., & Phillipson, M., 2012. Support for RPP2 – Abatement – Built Environment. Report 
for ClimateXChange Scotland. 

Beckmann, K., & Roaf, S., 2013. Workshop Report: Climate Resilience for the Scottish Built Environment. 
ClimateXChange Scotland.  

CAR, 2009, Modelling Greenhouse Gas Emissions from Scottish Housing: Final Report. Cambridge Architectural 
Research report for the Scottish Government. 

CFS, 2012. Consumer Focus Scotland’s response to the Scottish Government Building Standards Division 
Consultations on: Section 63: Energy Performance of Non-Domestic Buildings; and Energy Performance of 
Building Directive – Recast. Consumer Focus Scotland.  

Jones Lang LaSalle, 2012. A Tale of Two Buildings: Are EPCs a true indicator of energy efficiency? Better 
Buildings Partnership.  

Kavgic, M., Mumovic, D., Summerfield, A., Stevanovic, Z., & Ecim-Djuric, O., 2013. Uncertainty and modelling 
energy consumption: Sensitivity analysis for a city-scale domestic energy model. Energy and Buildings, Vol. 60, 
May 2013, pp. 1-11. 

Maiden, T., Baker, K.J., & Faulk, A., 2016. Taking the Temperature: A Review of Energy Efficiency and Fuel 
Poverty Schemes in Scotland. Report for Citizens Advice Scotland by CAG Consultants, Glasgow Caledonian 
University, Andrew Faulk and the Energy Agency. 

Oladokun, M.G., & Odesola, I.A., 2015. Household energy consumption and carbon emissions for sustainable 
cities – A critical review of modelling approaches. International Journal of Sustainable Built Environment. Vol 4, 
(2), December 2015, pp. 231-247. 

Sanders C., & Phillipson M., 2006. Review of Differences between Measured and Theoretical Energy Savings for 
Insulation Measures. Department for the Environment, Food and Rural Affairs (Defra), London, UK.  

UKGBC, 2010. Zero-Carbon Non-Domestic Buildings. UK Green Building Council, March 2010. 
14 Grubb, M. J., 1990. Energy efficiency and economic fallacies:  Energy Policy, 18, pp.783–785.   



 

 

 

Table 1. Previous socio-economic studies of household energy consumption in the UK 
 

Area / 
region 

No. Households Dwelling Types Energy consumption / spend 
data sources 

Other data sources Fuel types and 
heating systems 

Main factors studied 

Baker & 
Rylatt, 2008 

Leicester 
and 
Sheffield, 
England 

148 matched with 
electricity and gas 
consumption data 

Terraces (Leicester), 
and detached and 
semi-detached 
(Sheffield) 

Mandate forms used to release 
consumption data from 
suppliers, collected by the 
Department of Trade and 
Industry 

Household surveys 
Ordinance Survey 

Gas central heating 
and secondary gas / 
electric heating 

Dwelling type 
Tenure 
Dwelling age 
Floor area 
Dwelling characteristics* 
Occupancy 
Employment 
Education 
Appliances 

Druckman & 
Jackson, 2007 

England - 
case study 
areas in 
the North 
West and 
South East 

Approx. 7,000 matched 
with energy 
expenditure data 

Detached, semi-
detached, terraces, 
bungalows, flats 

Energy spend from UK 
Expenditure on Fuel and Food 
Survey (Office of National 
Statistics) 
 
Modelled energy consumption 

Census 2001 
Electoral Roll 
 
Local Area Characteristics 
Database 

Mixed - gas, electric, 
and solid / liquid fuels 

Dwelling type 
Income, and disposal income 
Employment 
Tenure 
Indices of Multiple Deprivation 

Hamilton et 
al., 2013 

England 11,685,235 household 
records matched with 
electricity data  
9,785,503 household 
records matched with 
gas data 
However, sample sizes 
reduce significantly due 
to missing data 

Detached, semi-
detached, terraces, 
bungalows, flats / 
maisonettes 

Meter point data provided by 
the Department for Energy and 
Climate Change 

Home Energy Efficiency 
Database (HEED) 

Electricity and gas 
data, mixed heating 
systems 

Dwelling type 
Tenure 
Dwelling age 
Dwelling characteristics* 
Energy ratings (SAP/NHER 
ratings) 
Energy tariffs (standard / 
'Economy 7') 
Energy efficiency upgrades 
Renewable energy technologies 

Jones & 
Lomas, 2015 

Leicester, 
England 

315 matched with 
energy data, 575 total 

Detached, semi-
detached, terraces, 
flats 

256 from meter readings, 59 
released by energy suppliers 
using a mandate form 

Household surveys Electricity only Dwelling type 
Tenure 
Dwelling age 
Floor area 
Dwelling characteristics* 
Occupancy 
Employment 
Education 
Appliances 
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Summerfield 
et al., 2007 

Milton 
Keynes, 
England 

Original sample of 160, 
29 monitored for 
temperatures, 13 of 
these used for the 
latest study 

35 different designs 
of low energy homes 

Original study used hourly 
energy monitoring 

On-site surveys, original 
technical data 

Mixed types including 
some novel low 
energy systems  

Dwelling type 
Temperature 
Floor area 
Dwelling characteristics* 
Energy efficiency and renewable 
energy technologies 
Occupancy 
Employment 

Wyatt, 2013 England 
and Wales 

3,528,100 matched with 
electricity consumption 
data 
2,494,300 matched 
with gas consumption 
data 

Detached, semi 
detached, terraces, 
bungalows, 
converted flats, 
purpose-built flats 

National Energy Efficiency 
Database (NEED) 

Valuation Office Agency 
Property Database 

Gas and electric 
systems 

Dwelling type 
Dwelling age 
Floor area 
Tenure 
Occupancy 
Income 
Dwelling characteristics* 
Energy efficiency measures 

The 
Renfrewshire 
study 

Renfrewsh
ire, 
Scotland 

513 matched with gas 
data 

1,346 domestic gas 
bills, reduced to 513 
by excluding 
estimated readings 

Energy spend data from fuel 
bills held by Renfrewshire 
Council 

Household surveys 
Home Energy Efficiency 
Database (HEED) 
Scottish Indices of 
Multiple Deprivation 
(SIMDs) 
Other data held by 
Renfrewshire Council's 
support services 

Gas-fuelled main and 
secondary heating 
systems 

Dwelling type 
Occupancy 
Income deciles from Scottish 
Indices of Multiple Deprivation 
Rurality 
 
 

*Typically includes numbers of floors, rooms, bedrooms, wall type, roof type, window type, insulation, heating systems, etc 



 

 

The main weakness of these studies is that there are 

limits to the number of factors they can reasonably 

study, both due to resources and to limit the drop-out 

rate for the studies where households are surveyed 

directly. Typically they build on each other in terms of 

validating or questioning the strengths of influences of 

‘known’ or suspected factors, including the number 

and characteristics of occupants; age, economic status 

and education of the household reference person; 

floors and floor area; numbers of rooms and 

bedrooms; space and water heating; the proportions 

of double glazing and low energy lighting; etc. This weakness is only a problem insofar as care needs 

to be taken not to assume any significant correlations with energy consumption necessarily 

demonstrate causal relationships, and be aware that some factors may be acting as proxies for 

other, stronger, influences15.  

Of these factors, the main one for which highly significant, consistent and conclusive evidence of a 

causal relationship with dwelling energy consumption has been found is (total) floor area, for which 

the coefficient of determination (the r2 value) is typically around 0.6-0.7. This means it would be 

expected to explain around two thirds of the variance in dwelling energy consumption. This concurs 

neatly with the results of physical studies as this is also the proportion an average household uses for 

space heating16.  

However, there are inherent difficulties in obtaining data on floor area, the most significant of which 

is cost. The data can be obtained by extracting it from relevant coverages (databases) that are used 

by Geographic Information Systems software, but this requires specific expertise as well as the cost 

of the software and any licenses for the datasets, and the resulting numbers then need to be 

multiplied by the number of floors, or partial floors, for each dwelling. This is particularly problematic 

for flats and tenements because of the internal shared spaces, as well as using energy differently 

because of heat being shared between floors.    

Due to these difficulties neither Spéird nor the Renfrewshire study use floor area data however, the 

important distinction is that the data is analysed against fuel spend rather than energy consumption 

in order to be more sensitive to differences in socio-economic characteristics. As with all these 

studies, the selection of factors to be studied frames how the results should be interpreted.  

                                                             
15 An useful and readable critique of multiple regression analysis is given an interview with Richard Nisbett, Prof 
of Psychology at the University of Michigan: 

Nisbett, R., 2016. The Crusade Against Multiple Regression Analysis. The Edge, 21/01/16. Available at:   
https://www.edge.org/conversation/richard_nisbett-the-crusade-against-multiple-regression-analysis 
16 DECC (2013) Housing Energy Fact File, available from: 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/274766/uk_housing_fact_file_
2013.pdf 

 

Care needs to be taken not to 

assume any significant 

correlations with energy 

consumption necessarily 

demonstrate causal relationships, 

and be aware that some factors 

may be acting as proxies for 

other, stronger, influences. 
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Spéird also differs from the previous studies, including the Renfrewshire study, because part of the 

rationale behind it was to demonstrate how the Renfrewshire study could be replicated, as far as 

possible, by using data collection routes already used by the partner organisations (household 

surveys, information collected by support workers, energy bills being managed on behalf of clients, 

etc) with minimal changes to their practices. The intention here was to demonstrate that this more 

robust method of analyzing household energy expenditure could be applied across Scotland as a 

whole, using data already available, or available at minimal marginal costs, to the Scottish 

Government.   

  

Breaking down assumptions and coping with complexity 

The results of all these socio-economic studies point to is the danger of relying on common 

assumptions about influences, and the strengths of influences, on household energy demand and 

expenditure. Yet very few, if any, of their findings would likely surprise those with local knowledge of 

their study populations. Here lies an important gap between policy and practice, but it is one which 

could be resolved by taking on board the growing volume of evidence that shows the additional 

complexity inherent in understanding and addressing fuel poverty amongst rural, island, and 

otherwise more vulnerable households17. 

However, breaking down those assumptions is only 

one part of the problem, the other is coping with the 

underlying complexities that they expose (the ‘hidden 

geographies’ of fuel poverty), and moving away from 

traditional quantitative social science-based 

approaches to policymaking that are insufficiently 

sensitive to a problem that is often highly individual as 

well as highly, if not irreducibly, complex18. This latter 

challenge falls beyond the scope of this project, but 

will be the subject of future work.   

                                                             
17 For example: 

George, M., Graham, C., & Lennard, L., 2013. The Energy Penalty: Disabled People and Fuel Poverty. University 
of Leicester, report for the Eaga Charitable Trust. 

JRF, 2015. Monitoring Poverty and Social Exclusion in Scotland. Joseph Rowntree Foundation, March 2015. 

MacInnes, T., Aldridge, H., Bushe, S., Tinson, A. and Born, T., 2014. Monitoring poverty and social exclusion. 
Report for the Joseph Rowntree Foundation. 

Snell, C., 2013. Fuel poverty and disabled people: the impact of policy change. Report for the Eaga Charitable 
Trust. 
18 For an excellent discussion of complexity see: 

Castellani, B., 2014. Complexity and the failure of quantitative social science.  Discover Society November 2014.   

There is an important gap 

between policy and practice, but 

one which could be resolved by 

taking on board the growing 

volume of evidence that shows 

the additional complexity 

inherent in understanding and 

addressing fuel poverty amongst 

rural, island, and otherwise more 

vulnerable households. 
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Methodology  

The key strength of the Spéird team was that both authors had previously led successful socio-

economic studies – the Renfrewshire study and an earlier study in Leicester and Sheffield. However, 

both of these had been conducted within the relative luxuries of three year PhD studentships. So 

one real challenge was to see if we could reduce this time to under a year, in order to help make the 

case for adoption of the method by government.  

As such the methodology was designed to fall into three phases, as follows: 

1. Months 1-3. The design and agreement of all data collection methods and formats. 

2. Months 4-9. The collation of existing data and conduction of the new data gathering over a 

sufficient period, and capturing the heating season. The partners agreed to collect a minimum of 50 

records of energy and basic dwelling and socio-demographic information from households in each 

area (excluding Highland Council), along with an historical data where it was available and relevant. 

3. Months 10-12. Analyse and report on the results using a proven methodology based on cluster 

analysis and other standard statistical techniques, capable of eliciting meaningful results from 

samples as small as around 50 households19. An additional aim here was to collect datasets several 

times this minimal size. 

Data collection 

As described in the introduction to socio-economic studies, the data collection methods were 

intended to replicate the Renfrewshire study as far as possible, according to the availability of 

existing data and the potential to collect new data, and to conduct a separate qualitative study on 

behaviour in the highlands as a pilot for possible further work.  

In order to achieve this data was surveyed and collated in a number of ways, intended to maximize 

the size of the datasets at minimal cost, whilst also validating the content through combining new 

surveying with data from existing sources.  

Orkney Islands Council team were able to expand on a previous survey on fuel and ask respondents’ 

for written permission to access their energy data (as per the method used for the Leicester and 

Sheffield study). The revised survey was adapted by LSHA, ALIenergy, and Scarf and used for both 

further surveying and as a framework for collating existing data.  

                                                             
19 Baker K.J., & Rylatt, M., 2008. Improving the prediction of UK domestic energy demand using annual 
consumption data. Applied Energy, 85, pp. 475-482.   

Mould, R., Baker, K.J., & Emmanuel, R., 2014. Behind the Definition of Fuel Poverty: Understanding differences 
between the Fuel Spend of Rural and Urban Homes. Queens Political Review, Vol. II, 2014, Issue 2, pp. 7-24. 

Perkins, A., 2002. The Influence of Urban Form on Life Cycle Transport and Housing Energy and Greenhouse 
Gas Emissions. School of Geoinformatics, Planning and Building, University of South Australia. 
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Highland Council, which has a specific interest in the second element of the study, designed and 

facilitated a focus group / community event on fuel poverty and energy behaviour in the community 

of Sutherland.  

All partners also provided access to frontline staff for interviews to follow up on any specific 

questions / issues arising from the analyses. 
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Results and Discussion 

The following sections present the results of the data collection and analysis individually and, as far 

as possible, as a combined dataset. Each study area posed its own problems for conducting the 

study, but each also presented new opportunities for building on or questioning the evidence from 

the previous socio-economic studies.  

A key theme here is the differences in the difficulties of analyzing the data from more and less 

homogeneous samples, and the implications for the levels of certainty that can be had in the 

findings. At one end of this spectrum is the highly homogeneous Skye sample, which benefits from 

being based on a concentrated and well-defined population served by a community district heating 

system, whilst at the other end are the highly heterogeneous Orkney and Lochaber and Argyll and 

Bute samples, fir which the difficulties of collating and analyzing these datasets are much more akin 

to those that would be encountered if replicating this study across the whole country. 

The final section presents the results of the analyses conducted on a combined dataset drawn from 

across the four study areas and incorporating the Renfrewshire data, and answers the critical 

question of whether or now the aim of validating the findings of this study has been achieved.  

A full glossary of statistical terms is provided as an appendix to this report.    

 

The Aberdeenshire households – Evidence from an affluent rural 

population 

The Aberdeenshire households provide a distinct contrast to the other datasets, in that over half fall 

into the Scottish Indices of Multiple Deprivation (SIMD) income domain deciles 7 to 10. They are 

predominantly owner-occupied 2 or 3 bed semis or terraces scattered in or around small rural 

population centres (Peterhead being the largest town), and three quarters of them use electric 

space heating systems (Table 2).  

In order to improve the transparency and validity of the findings, the small group of households 

using non-electric heating systems as their main form of heating were treated separately, as only 

non-electric fuel spend data was collected for these. This splits the data into a group of 85 

households for which the records could be matched with total energy spend and 28 households 

matched with heating spend data, although as with the other datasets we cannot rule out occupants 

using small amounts of additional heating.      
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Table 2. House Type, Bedrooms, Space Heating, Tenure and SIMD Income Decile for the 

Aberdeenshire households 

House Type Detached 
House 

Semi-
detached 
House 

Mid-
Terrace 
House 

End-
Terrace 
House 

Semi-
detached 
Bungalow 

Unknown 
 

 
3.5% 46.9% 16.8% 16.8% 14.2% 1.8% 

 

Number of 
Bedrooms 

1 2 3 4 5 Unknown 
 

 
11.5% 45.1% 37.2% 1.8% 1.8% 2.7% 

 

Main Space 
Heating 

Electric Oil LPG Coal Wood Unknown 
 

 
74.3% 19.5% 0.9% 1.8% 0.9% 2.6% 

 

Tenure Owner 
Occupier 

Social 
Housing 

Privately 
Rented 

    

 
75.2% 20.4% 4.4% 

    

SIMD 
Income 
Decile 

3 5 6 7 8 9 10 

 
0.9% 6.2% 18.6% 15.0% 11.5% 46.9% 0.9% 

 

Due to some difficulties encountered with collecting and verifying the dataset (low response rate, 

etc) the number of variables for which there is sufficient data to conduct meaningful analyses is 

smaller than for the other datasets however, this was still sufficient to contribute to meeting the aim 

of further investigating the findings from the Renfrewshire study. 

 

Analysis of Household Fuel Spend 

The results of the analyses of fuel spend and income are tantalizing, and although the correlations 

were not statistically conclusive due to the smaller number of lower income households captured 

(the converse of the problem encountered with the Renfrewshire households), the distributions are 

strongly and statistically significantly skewed in the directions that would be expected if the finding 

was being replicated.   

Figure 3 shows the distribution of total annual fuel spend for the households using electric heating, 

and Figure 4 shows the income decile distribution for all the households. Note that in the latter 

figure the non-electric households are included for illustrative purposes as there is some bias 

towards these being in the lower income deciles, so removing them would only skew the distribution 

further, although the effect is not significant due to the overall strength of the skew. Tables 3, 4 and 

5 give the descriptive statistics for these distributions, and Table 6 gives the statistics for the 

correlation between fuel spend and income decile for the electric-heated households, and Figure 5 

illustrates this. 
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Figure 3. Distribution of Total Annual Fuel (Electricity-only) Spend for the Aberdeenshire 

households  

 

Table 3. Descriptive Statistics for Total Annual Fuel (Electric-only) Spend for the Aberdeenshire 

households  

 Statistic Std. Error 

Total Annual Spend on Fuel Mean 1690.0435 95.42161 

95% Confidence Interval for 
Mean 

Lower Bound 1500.2872  

Upper Bound 1879.7999  

5% Trimmed Mean 1596.5782  

Median 1500.0000  

Variance 773949.063  

Std. Deviation 879.74375  

Minimum 600.00  

Maximum 5200.00  

Range 4600.00  

Interquartile Range 846.50  

Skewness 1.755 .261 

Kurtosis 3.998 .517 
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Table 4. Percentile Statistics for Total Annual Fuel (Electric-only) Spend for the Aberdeenshire 

households  

 Percentiles 

5 10 25 50 75 90 95 

Weighted 
Average 

Total Annual 
Spend on 
Fuel (Electric-
only) 

755.4290 819.2000 1153.5000 1500.000
0 

2000.000
0 

2765.200
0 

3628.000
0 

 

 

 

 
 
Figure 4. Distribution of SIMD Income Deciles for the Aberdeenshire households  

 

Table 5. Descriptive statistics for the SIMD Income Deciles for the Aberdeenshire households  

 
N Range Minimum Maximum Mean Std. Deviation Variance Skewness Kurtosis 

Statistic Statistic Statistic Statistic Statistic Std. 

Error 

Statistic Statistic Statistic Std. 

Error 

Statistic Std. 

Error 

SIMD 

Income 

Decile 

113 7 3 10 7.73 .137 1.458 2.125 -.723 .227 -.473 .451 
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Table 6. Correlation Statistics for Total Fuel Spend (Electric-only) with SIMD Income Decile for the 

Aberdeenshire households 

R R 
Square 

Adjusted 
R Square 

Std. Error of 
the Estimate 

Change Statistics 

R Square Change F Change df1 df2 Sig. F Change 

.068 .005 -.007 882.94887 .005 .391 1 83 .533 

 

 

 
Figure 5. Total Annual Fuel (Electricity-only) Spend by SIMD Income Decile for the Aberdeenshire 

households 

 

In order to conclusively verify the Renfrewshire finding we would expect to see fuel spend skewed 

towards lower expenditure and a negative correlation with income. The first holds true, and not only 

is the extent of the skew surprisingly strong, the evidence of a ‘long tail’ towards higher spend 

(measured by the kurtosis statistic) is also statistically significant.  

Interestingly, this also makes the finding consistent with the Leicester study20 that found higher 

incomes to be one of several indicators of unusually high electricity consumption, only in this case its 

influence is being moderated by other factors that our previous research suggests would be linked 

                                                             
20 Jones, R.V., & Lomas, K.J., 2015. Determinants of high electrical energy demand in UK homes: Socio-
economic and dwelling characteristics. Energy and Buildings, Vol. 101, 15 August, pp. 24-34. 
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to rurality (also note that despite the skew in the distribution the breakdown of spend by percentile 

shows this is still high relative to the other datasets). This of course assumes that the samples are 

suitably representative of the wider populations, but we found no evidence from either the available 

data or local knowledge to suggest otherwise. 

The second test returns an inconclusive and statistically insignificant result however, the tantalising 

evidence is the very slightly negative adjusted r2 value, meaning there is insufficient evidence to 

reject the hypothesis of a negative correlation and sufficient evidence to say that it should not be 

assumed that fuel spend is increasing with income. A further note here is that the Renfrewshire 

study used energy spend figures for mains gas so the influences of fuel prices and systems 

efficiencies may be at play here. When the tests were re-run on the households not using electric 

heating the results were even less conclusive (the correlations near-zero and highly insignificant, 

although not quite negative) however, this is likely due to the small number of records and mixed 

fuel types introducing a high degree of error. 

Therefore although not conclusive, given the robustness of the 

data and the strength of the statistics this funding needs to be 

set against the pervasiveness of the assumption that fuel spend 

necessarily increases with income, and our hypothesis that the 

Renfrewshire finding may be hold true more widely certainly 

cannot be rejected. 

 

Further analyses 

The lack of sufficiently robust occupancy data for this dataset limits some of the analyses that were 

possible for the other regions however, some further findings did emerge. 

The correlation and explanation of variance for electricity spend regressed against the number of 

bedrooms was relatively weak (r value 0.385, r2 value 0.148, adjusted r2 value 0.138, Sig. 0), but this 

may be partially explained by the spend of the small number of households with four or five 

bedrooms, as when these are removed the figures improve (r value 0.433, r2 value 0.187, adjusted r2 

value 0.177, Sig. 0) – see Figure 6. However, this needs to be considered with respect to the limitation 

of not being able to relate this to occupancy.   

 
 

 

It is not safe to assume 

that the amount rural 

households spend on 

fuel necessarily 

increases with income. 
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Figure 6. Total Annual Fuel (Electricity-only) Spend by Number of Bedrooms for the Aberdeenshire 

households  

 

When fuel spend was analysed in relation to house type (Figures 7 and 8) the results generally 

conform to expectations. For both electric and non-electric households there are notable higher 

variations for those living in semis and end terraces. However, the former is likely due to the 

predominance of semis in the samples and, given the equal numbers of mid and end terraces, the 

latter may reflect ‘known’ influences on consumption, particularly that of the exposed end wall.   

Breakdowns of fuel spend by town or nearest town are given in Figures 9 and 10 for illustrative 

purposes however, further research would be needed to understand these variations. Finally, and 

although the numbers of household in social housing is small, and the number in privately rented 

housing a mere four, Figure 11 shows that the breakdown of fuel spend by tenure also conforms with 

other evidence of the relationships between tenure and fuel spend. 
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Figure 7. Total Annual Fuel (Electricity-only) Spend by House Type for the Aberdeenshire 

households  

 

 
Figure 8. Total Annual Heating Spend by House Type for the Aberdeenshire households not using 

electricity for heating 
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Figure 9. Total Annual Fuel (Electricity-only) Spend by Town / Nearest Town for the Aberdeenshire 

households  

 
Figure 10. Total Annual Heating Spend by Town for the Aberdeenshire households not using 

electricity for heating 
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Figure 11. Total Annual Fuel (Electricity-only) Spend by Tenure for the Aberdeenshire households  

 

The Skye Households – Greater certainty in homogeneity 

Even by the standards of previous studies, the Skye dataset is notably homogeneous and robust. The 

dataset comprises 128 records of heating fuel spend and dwelling and household data from a group 

of properties in Portree, Skye, which are connected to a biomass CHP network with individual 

household metering and billing. The dataset has been compiled from and verified against Lochalsh 

and Skye Housing Association (LSHA) records, along with a household survey delivered by 

caseworkers, and the periods for which the annual fuel spend data have been collected match nearly 

exactly (less than one month variation between the start and end dates).  

Aside from the question on employment status and some of the occupant age data, the records are 

near-complete (>95%), and only one record could not be matched with fuel spend data. As discussed 

in the introductory sections, such a high level of homogeneity limits the number of factors that can 

be analysed, but significantly increases the confidence that can be had in the results. A further 

advantage of this dataset is that all the households are on the same tariff, so fuel spend is an exact 

expression of energy consumption, and although we use fuel spend throughout in this case (only) 

the terms can reasonably be used interchangeably when interpreting the findings. 

The households are comprised of a large group of semi-detached houses, a group of the ‘4 in a block’ 

flats typical to Scotland, one low-rise flat / tenement, and a small number of detached houses. All are 
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modern timber frame dwellings, built between 2008 and 2011. 34% are single adult households, 7% of 

whom have children, and 28% of all the households include one or more children aged 16 or under. 

Although a full breakdown of occupant ages (beyond adults and children) is only available for ~60% 

of the records it appears the majority (>80%) of households include one or more adults of working 

age (17 to 60 years old), with only ~10% being one or two person households where one or both 

occupants are over 60. Just under two thirds (62%) of these properties are owned by Lochalsh and 

Skye Housing Association, with the remainder in shared equity, and income is controlled for within 

the limits of uncertainty of the Scottish Indices of Multiple Deprivation (SIMD). See Table 7. 

All the households were heated by radiators, controlled by a room thermostat and fitted with 

thermostatic radiator valves (TRVs), and fed by the biomass DHS system, which was also used for 

water heating. None of the households reported using additional heating, and although it is of 

course difficult to completely rule out households occasionally using portable electric heaters, and 

data on electricity spend was not collected, the results of the previous socio-economic studies 

suggest this would be extremely difficult if not impossible to pick up on unless they were in regular 

use for long periods. As such it is safe to conclude that any use of additional heaters, if they were in 

use at all, would have a near-zero effect on the strength and significance of the results of the 

analyses.      

 

Table 7. Dwelling Type, Total Occupancy, and Ownership for the Skye households  

Dwelling 
Type 

Detached Semi-
detached 

4 in a 
block 

Flats Unknown 
  

 
9% 62% 22% 6% 1% 

  

        

Total 
Occupancy 

1 2 3 4 5 6 Unknown 

 
34% 30% 12% 10% 5% 4% 5%         

Ownership Housing 
Association 

Shared 
Equity 

     

 
62% 38% 

     

 

Analysis of Household Fuel Spend 

The distribution of the fuel spend data (Figure 12 and Tables 8 and 9) follows a normal distribution 

that is very slightly, but not significantly, skewed towards lower spends. This is commensurate with 

the findings of other studies and adds further weight to the overall robustness of the data. Actual 

income data for the households was not collected by the survey as some of the households are 

deemed vulnerable by LSHA and we were not able to obtain precise income data indirectly. 

However, all are classified in deciles 4 or 5 of the income domain of the SIMD, and given that this is a 

new development, nearly all of which falls into a decile 4 datazone, we could justify recoding the few 

decile 5 households as decile 4’s. However, this is not necessary in order to compare the findings 
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with the results of the Renfrewshire study as these already group deciles 1-3 and 4-6, and makes no 

difference to analyses within the Skye dataset.     

 
Figure 12. Distribution of Annual Fuel Costs for the Skye Households 

 

Table 8. Descriptive Statistics for Fuel Spend for the Skye Households 

 
 Statistic Std. Error 

Annual Fuel Cost Mean 759.7808 28.93586 

95% Confidence Interval 
for Mean 

Lower Bound 702.5176  

Upper Bound 817.0440  

5% Trimmed Mean 754.6827  

Median 755.1900  

Variance 106335.096  

Std. Deviation 326.09063  

Minimum 99.48  

Maximum 1583.75  

Range 1484.27  

Interquartile Range 445.96  

Skewness .216 .215 

Kurtosis -.313 .427 
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Table 9. Descriptive Statistics for Fuel Spend for the Skye Households 

 Percentiles 

5 10 25 50 75 90 95 

Weighted Average Annual Fuel Cost 218.8720 348.1380 521.8300 755.1900 967.790
0 

1196.442
0 

1363.2600 

 

Interestingly, and although elderly households are under-represented in the dataset, there was no 

significant evidence to suggest that they were disproportionately represented anywhere across the 

distribution. However, and in agreement with the previous socio-economic studies21, there was clear 

evidence that households with more occupants (adults or children) were significantly more likely to 

spend more on energy, but also that there was much greater variation in the (heating) energy spend 

of larger households22. Furthermore, the results 

confirm another finding from the previous studies23, 

that total occupancy (adults and children) 

correlates more strongly with energy use than the 

number of adults alone, although the correlations 

are weaker than some of the previous studies 

suggest (r2 is 0.158 for adults only, and only rises to 

0.219 for adults and children, both Sig. 0). See 

Figure 13.   

 

 

 

 

 

 

 

 

 

                                                             
21 In particular: Jones, R.V., & Lomas, K.J., 2015. Determinants of high electrical energy demand in UK homes: 
Socio-economic and dwelling characteristics. Energy and Buildings, Vol. 101, 15 August, pp. 24-34. 
22 Although this is impossible to confirm from the data, it is tempting to suggest that this relates the assertion 
(see Section 5) that households in rural areas also have more permeable thresholds, which would be expected 
to increase heating energy demand, and variation in demand.   
23 In particular: Baker K.J., & Rylatt, M., 2008. Improving the prediction of UK domestic energy demand using 
annual consumption data. Applied Energy, 85, pp. 475-482.   

The households with more occupants 

were significantly more likely to 

spend more on energy, but there was 

also much greater variation in how 

much they were spending, meaning it 

should not be assumed that they 

always spend more. (Figure 13) 
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Figure 13. Mean Annual Fuel Costs by Total Number of Occupants for the Skye Households 

 
When the fuel spend data is analysed against the dwelling type (Figure 14) the results also conform 

to those of previous studies (not only the previous socio-economic studies) in not showing a 

significant difference in the fuel spend for detached and semi-detached dwellings, and the two top 

floor flats spending less than the two bottom floor ones, although obviously it is impossible to 

conclude anything from six records from a single block.  
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Figure 14. Annual Fuel Costs by Dwelling Type for the Skye Households 

 

The high level of homogeneity of the housing, further confirmed by inspecting the SIMD interactive 

map and Googlemaps, means that although floor area isn’t measured directly, it is effectively 

controlled for within each dwelling type. Figure 14 and Tables 10 and 11 show that even within each 

dwelling type there is still a substantial variation in fuel spend for the four dwelling types on which 

were present in sufficient numbers for the analysis to be meaningful.  
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Table 10. Descriptive Statistics for Annual Fuel Costs by Dwelling Type for the Skye Households 

Dwelling Type / Annual Fuel Cost Statistic Std. Error 

Detached 
House 

Mean 979.5367 100.31374 

95% Confidence Interval for Mean Lower Bound 758.7476  

Upper Bound 1200.3257  

5% Trimmed Mean 983.0896  

Median 946.6050  

Variance 120754.167  

Std. Deviation 347.49700  

Minimum 380.60  

Maximum 1514.52  

Range 1133.92  

Interquartile Range 607.46  

Skewness -.071 .637 

Kurtosis -.884 1.232 

Semi 
detached 
house 

Mean 852.7333 29.33891 

95% Confidence Interval for Mean Lower Bound 794.3356  

Upper Bound 911.1309  

5% Trimmed Mean 843.8079  

Median 831.4750  

Variance 68861.741  

Std. Deviation 262.41521  

Minimum 371.93  

Maximum 1583.75  

Range 1211.82  

Interquartile Range 334.21  

Skewness .524 .269 

Kurtosis .182 .532 
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Table 11. Descriptive Statistics for Annual Fuel Costs by Dwelling Type for the Skye Households 

Four in a 
block - 
Ground floor 

Mean 417.2157 65.15412 

95% Confidence Interval for Mean Lower Bound 276.4588  

Upper Bound 557.9726  

5% Trimmed Mean 403.8980  

Median 350.1950  

Variance 59430.834  

Std. Deviation 243.78440  

Minimum 115.19  

Maximum 958.96  

Range 843.77  

Interquartile Range 230.03  

Skewness 1.346 .597 

Kurtosis 1.409 1.154 

Four in a 
block - Upper 
floor 

Mean 531.5464 85.01174 

95% Confidence Interval for Mean Lower Bound 347.8897  

Upper Bound 715.2031  

5% Trimmed Mean 518.8966  

Median 466.9950  

Variance 101177.954  

Std. Deviation 318.08482  

Minimum 99.48  

Maximum 1191.31  

Range 1091.83  

Interquartile Range 360.91  

Skewness .805 .597 

Kurtosis .424 1.154 

 

One of the key findings of the Leicester and Sheffield study, which consisted of three homogenous 

groups of households (although not as homogenous as the Skye households) was that the number 

of bedrooms was shown to be a significant indicator of energy consumption. However, this has not 

been found to be true across all the socio-economic studies and so the dataset provided a perfect 

opportunity to test this further. Figure 15 indeed shows a similar and statistically significant 

correlation that (statistically) explains a relatively large amount of the variance for the Skye 

households (r value 0.574, r2 0.329, Sig. 0).  
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Figure 15. Annual Fuel Costs by Number of Bedrooms for the Skye Households 

 

Another very interesting result, at least from a building science perspective, is that the r2 value falls 

to 0.164 (Sig. 0) when the analysis is restricted to houses, and again to 0.117 (Sig. 0.002) when 

restricted to the semis. Although the reduction in range of the number of bedrooms would be 

expected to be a factor in this by eliminating all the one bedroom households (i.e. some of the flats), 

this still goes against what would be expected as flats are generally assumed to add greater variation 

due to the effects of shared heating (etc). Although more work would be needed to confirm this, the 

suggestion here is that the households in flats are behaving more optimally in terms of using their 

heating, which in such a homogeneous sample may indicate active energy-related behaviours, and a 

number of these households are thought (by LSHA staff) to be exhibiting self-limiting behaviours. 

However, as discussed in the introductory sections, there are dangers in interpreting the results of 

regression-based analyses, and a key danger is overlooking evidence of collinearity, i.e. where 

variables are correlating strongly with each other and so do not further explain the variation in the 

data. (This helps explain why you cannot simply add up r2 values to narrow down influences on the 

variance in fuel spend). 

Therefore the next step was to check for evidence of collinearity between the ordinal variables 

found to correlate strongest with fuel spend, and unsurprisingly the correlation between the number 

of adults and fuel spend was 0.271 (Sig. 0), rising to 0.559 (Sig. o) for adults and children. This again is 

commensurate with the results of previous studies.  
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As a further check, when these analyses were re-run on the semis only the correlations with fuel 

spend were 0.117 for bedrooms (Sig. 0.002), 0.082 for occupancy (Sig 0.011), 0.031 for adults only 

(Sig. 0.121),  and for windows 0.051 (Sig. 0.46).  

Following the findings from the semis a suspicion remained that some or all of the variables were 

acting, to some extent, as a proxy for floor area. As a test, the analyses were run using the number 

of double glazed windows as a variable (i.e. the number of windows, all households having double 

glazing only). In this case, and for the overall distribution of fuel spend, the scattered nature of the 

housing would be expected to introduce some degree of variance through the different orientations 

of the dwellings, but nevertheless the r2 values for the correlations were 0.318 with fuel spend, 0.557 

with total occupancy, and a notably high 0.785 with bedrooms (all Sig. 0). 

This was further confirmed by testing the data for collinearity using Tolerance and VIF values. 

Tolerance values below 0.20 or 0.10, combined with VIF values above 5 or 10 indicate collinearity is 

highly likely or certain. Also, a VIF value above 3 indicates collinearity is likely. As shown in Table 12, 

this means that in terms of explaining the variation in fuels spend there is a high level of collinearity 

between the numbers of bedrooms and windows. For occupancy, the Tolerance and VIF values 

change to 0.708 and 1.413 respectively when this is restricted to the number of adults, which 

indicates even more strongly that occupancy is a strong, independent and causal influence on fuel 

spend.  

Table 12. Collinearity Diagnostics for the Skye Households – Selected variables  

Model Collinearity Statistics 

Tolerance VIF 

    

Number of Bedrooms 0.193 5.173 

Total Number of Occupants 0.410 2.438 

No of Double glazed 
windows 

0.195 5.119 

 

The conclusion here is that both bedrooms and windows are acting as proxy variables for floor area, 

as evidence of collinearity would be expected to be strongest amongst dwellings of highly 

homogenous sizes (and layouts). Whereas the influence of total occupancy, and to a much less 

extent the number of adults, is distinct and independent.  

A further conclusion here is that the results add weight 

to the evidence that occupant behaviour, beyond one-

off ‘behaviours’ such as installing energy efficiency 

measures, explains a significant amount of the 

variation in energy consumption and fuel spend, even 

within highly homogeneous groups of households. 

 

 

 

Occupant behaviour, beyond one-off 

‘behaviours’ such as installing energy 

efficiency measures, explains a 
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Evidence of self-limiters? 

‘Self-limiters’ is a general term for householders who consciously and actively limit their energy use, 

for example by only paying a set amount into an energy meter per week or month, and foregoing 

using their heating systems beyond that. Due to their inherent vulnerability it is difficult, let alone 

ethically fraught, to study self-limiters directly, and so this was not an explicit aim of this study. 

Currently much of the evidence for the existence of self-limiters comes from support workers and so 

is classified, perhaps wrongly, as largely anecdotal, and so the homogeneity of the Skye data and the 

access to the staff at LSHA provided a unique opportunity to attempt to verify this evidence. 

The distribution of the actual fuel spend data shows a high level of variation, and although this is 

reduced when the flats and 4 in a blocks are removed, the variation is not sufficiently explained by 

those variables that have been analysed and / or controlled for. Therefore, and assuming no 

significant influences have been overlooked, it seems logical to concur with other studies that this 

additional variation is explained by behaviour. Without performing (expensive) full building energy 

performance assessments it is not possible to calculate the exact minimum fuel spend that would be 

predicted for these households, and due to the incompleteness of some of the records for 

householders’ ages it is not possible to say for absolutely certain that the presence of self-limiters 

has been confirmed empirically (and indirectly).  

However, the overall dataset is characterised by a number of factors that would be expected to limit 

variation I fuel spend, the predominant population of working age adults indicates that most 

households would be expected to have a good degree of agency in their behaviours, and LSHA 

support workers had previously reported self-limiting behaviours amongst their tenants. 

Furthermore, inspection of the data also shows no clear distinction between those households in the 

5% and 10% deciles, unlike those in the highest percentiles, and this again concurs with the results of 

previous studies. So, whilst not absolutely conclusive, the weight of evidence still strongly supports 

the assertion that the dataset contains a number of households who are consciously limiting their 

energy use24.       

 

The Orkney Households – Accounting for variation within a well-

defined population 

The Orkney dataset is a good example of rescuing victory from the jaws of defeat. As almost all 

households on the islands are supplied by Scottish and Southern Energy (SSE) the original intention 

was to use this opportunity to collect mandate forms from residents giving permission to release 

their energy data to the project team. Unfortunately this ran into a series of organisational and 

technical problems that eventually proved terminal due to needing to carry out the rest of the survey 

work however, and albeit at some cost to quality, the simpler workaround solution produced by far 

the largest dataset of 539 dwellings, including one caravan. 

                                                             
24 Some data cannot be shown individually due to the risk of identifying individual householders. 
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The workaround, asking residents to report their electricity spend using £500 spend brackets and tick 

boxes and stating other energy costs, means the energy data analysed here is reported, and the use 

of spend brackets needs to be accounted for when considering the variance in electricity spend. A 

further consideration is that, although other fuel use can safely be attributed to heating, electricity 

costs are of course for total energy consumption. Nevertheless, the benefits of partnering with 

Orkney Islands Council mean that whilst the primary data was reported by residents it has been 

possible to verify this, to some extent, from local knowledge and other sources available to the 

council.   

The dataset is characterized by a large number of detached houses (62.5%), a sizeable group of semi-

detached houses, and smaller groups of terraces and flats (see Table 13). The age distribution is 

similar to that of the whole country (SHCS 2014 figures), but with larger proportions of pre-1919 and 

post-1982 dwellings. Over two thirds are owner-occupied, with the remainder mainly council or 

housing association stock and, although there are only five of them, this may be the first of the socio-

economic studies referred to earlier to capture tied properties. 

Around one quarter (each) are cavity walled, timber framed, or solid wall dwellings, and 10.1% have 

some form of secondary wall type, almost all of which are solid walls (92% of those reporting 

secondary wall types). Most have some form of insulation, over one third having external insulation 

(36.8%), with the remainder being mostly filled cavities (17.3%) or timber frame25 (18.4%). The vast 

majority (92.8%) have all, or nearly all, double glazed windows – a further 2.4% of this is missing data 

and the remainder are single or triple glazed – meaning the influence of different glazing types has 

been largely controlled for. 

Half of the households use electricity for space heating, almost another third use oil and, reflecting 

the growth of alternative technologies on the islands, the dataset also captures small numbers of 

households for whom air source heat pumps (ASHPs) and air to water heat pumps (A-WHPs). Most 

(65.5%) report not using any secondary heating, although as for the Skye households this may be a 

less robust figure as the question is more subjective, with those that do reported using solid fuels 

(14.1%), electric heaters (6.5%), and small numbers of air source, air to water, and ground source heat 

pumps. Water heating follows a similar distribution, with 58.1% using electricity, 33.2% using oil, and 

the remainder using a mix of solid fuel, heat pumps, and two with solar panels. However, solar 

panels are reported for secondary water heating for an additional 13 households (2.8% of the total), 

with most (80%) reporting no secondary water heating and the remainder using electricity (10.9%), 

solid fuel or heat pumps.  

Almost all households consist of one (41%) or two (50.6%) adults26, the majority (83.1%) do not include 

children, and almost half (43.5%) include one or two persons aged 65 or over. This dataset (along 

with the Lochaber and Argyll and Bute dataset) has the most complete records for occupancy data, 

                                                             
25 This is a common term for a standard Scottish construction type from the mid-1970’s. Typically the dwellings 
have timber frames and brick or brick-block external walls, and many with no internal load-bearing walls. They 
are poorly insulated (low U-values) and although some have will cavity walls many, including the ones in this 
sample, simply have external insulation overlaid with plasterboard.     
26 Adults are defined as over 16.  
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being broken down by numbers and age brackets, which makes the findings from these analyses all 

the more surprising.  

The correlation between total occupancy and fuel spend is relatively weak and explains little of the 

of the variation (r value 0.241, r2 0.058, Sig. 0), and this was not improved by limiting the analyses to 

adults, children, 17 to 64 year olds, 65 and over’s, or any other categorisation. This is very unusual 

because occupancy is widely assumed, and generally shown, to be a much stronger influence on 

energy consumption. The relationship with bedrooms was stronger, but still fairly week (r value 

0.339, r2 0.115, Sig. 0), but also unusual for being stronger than for occupancy, as the strength of this 

relationship (where a correlation has been found) has been suggested to be partly the result of 

bedrooms acting as a proxy for occupancy, and so if occupancy was the stronger influence these 

figures would be expected to be lower.   

 

Table 13. Descriptive Statistics for the Orkney Households 

Dwelling 
Type 

Detached Semi-
detached 

End 
Terrace 

Mid 
Terrace 

Flat Caravan Unknown 
 

 
62.5% 23% 4.1% 4.6% 5.2% 0.4% 0.2% 

 

Dwelling 
Age 

Pre-1919 1919-1944 1945-1964 1965-1982 1983-
2002 

Post-
2002 

Unknown 
 

 
25.4% 9.5% 11.5% 16.9% 21.2% 12.6% 2.9% 

 

Tenure Owner-
occupied 

Council Housing 
Association 

Privately 
Rented 

Tied Other Unknown 
 

 
69.4% 8.2% 10.2% 5.2% 0.9% 2.4% 3.7% 

 

Wall Type Cavity 
wall 

Timber 
frame 

Solid wall Other Don't know / 
Unknown 

  

 
28.8% 24.7% 24.1% 16.5% 5.9% 

   

Wall 
insulation 

Filled 
cavity 

Timber 
frame 

External 
insulation 

Internal 
insulation 

Mixed None / Unknown 
 

 
17.3% 18.4% 36.4% 3.2% 3.7% 21.0% 

  

Main Space 
Heating 

Electric Oil ASHP A-WHP Solid 
Fuel 

Unknown 
  

 
50.0% 30.2% 4.6% 1.5% 1.5% 12.2% 

  

Loft 
Insulation 

None Under 
50mm 

50-100mm 100-
150mm 

150-
200mm 

200-
300mm 

Over 
300mm 

Unknown 

 
3.7% 4.6% 12.2% 11.9% 13.7% 23.4% 10.4% 20% 

Total 
Occupancy 

1 2 3 4 5 6 7 Unknown 

 
37.3% 42.3% 6.5% 10.2% 2.6% 0.7% 0.4% 0% 
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Analyses of Household Fuel Spend 

Even accounting for the caveats for how the fuel data 

was collected, the distribution of fuel spend data for 

the Orkney households shows a clear and distinct skew 

towards lower fuel spends, and a long tail towards 

higher fuel spends, indeed the degree of skewness is 

almost five times the threshold for evidence of 

statistical significance (Table 14 and Figure 16). This is, 

of course, exactly what we would expect to see if the 

socio-geographic distributions of fuel poverty 

suggested by our own and others’ research were to be 

borne out (see Aim 2). This means reporting median 

averages for fuel poverty statistics may be misleading, 

particularly to politicians and the general public. 

Furthermore, in this case, and rather than relying on the SIMD income domain, the Orkney team 

were able to collect data on household income (Table 15 and Figure 17). From previous experience 

this is a difficult question for researchers to persuade sufficient households to respond to – it was 

included in the Leicester and Sheffield data and very few households answering it, with some noting 

objections to being asked – but in this case over 95% of households completed the question27. Given 

that in both cases the question was presented using bracketed income bands (rather than directly 

asking for a figure), the most likely reason for this difference would seem to be the role of the 

Council as a ‘trusted messenger’.   

Based on this, the results show that 44% of households are reporting spending more than 10% of their 

income on their total energy costs, and 12% spending more than 20%. This is actually lower than 

reported in other figures28 but may be explained by a number of factors, one of which is the 

difference in years (2015/16 versus 2013/14) which may be consistent with the wider trend across 

Scotland, but this cannot be confirmed until new official statistics are published.  

These findings are discussed with Orkney Islands Council and may be further explained as follows. Of 

those households who reported additional fuel costs the average cost was £993.80. Taking an 

average household income of £26,500 and an average annual electricity cost of £1,650 this would 

give an average total fuel cost of £2,643, which equates to 10% of income and would put the average 

Orkney household on the borderline between being in and out of fuel poverty. Note that this is a 

very rough approximation but making small adjustments to income and spend assumptions, which 

this study has deliberately tried to avoid, produce variations within the limits of what would be 

expected if the sample was not significantly different from the wider population of households on 

Orkney. 

                                                             
27 The Orkney dataset as a whole is unusually complete for reported data, even allowing for some cross-
checking and verification with other records.  
28 Green, D., 2016.  New statistics show fuel poverty at its worst in Orkney. Office of Liam McArthur MSP. 
Available at: http://www.liammcarthur.org.uk/new_statistics_show_fuel_poverty_at_its_worst_in_orkney 
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misleading, particularly to 

politicians and the general public. 
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 In addition, the Orkney dataset represents a subset of a wider sample of 1,100 households (those 

who indicated they’d be willing to be contacted again for requests for energy consumption 

information), and the figures are similar, with 55.7% of the Spéird dataset (including those who could 

not be matched with fuel consumption data) and 54% of the wider dataset reporting spending more 

than 10% of their income on fuel. 

Note that even if these figure show some real decline in household energy spend on Orkney they do 

not affect the results for validation of the Renfrewshire study, suggesting that either they do reflect 

a wider trend and / or that this variation is not significant enough to affect the wider findings.  

 

Table 14. Descriptive Statistics for Fuel Spend for the Orkney Households 

 Statistic Std. 

Error 

Total Annual 

Fuel Costs 

Mean 1831.68 40.454 

95% Confidence Interval 

for Mean 

Lower Bound 1752.21  

Upper Bound 1911.15  

5% Trimmed Mean 1779.27  

Median 1750.00  

Variance 854256.168  

Std. Deviation 924.260  

Minimum 300  

Maximum 5730  

Range 5430  

Interquartile Range 1000  

Skewness 1.034 .107 

Kurtosis 1.389 .213 
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Figure 16. Distribution of Total Annual Fuel Spend for the Orkney Households 

 
Table 15. Descriptive Statistics for Annual Household Income (using mid-points) for the Orkney 

Households 

Value  Statistic 

N Valid 515 

Missing 24 

Mean 22456.31 

Std. Error of Mean 555.582 

Median 19609.60a 

Std. Deviation 12608.171 

Variance 158965986.362 

Skewness .537 

Std. Error of Skewness .108 

Kurtosis -.884 

Std. Error of Kurtosis .215 

Range 41250 

Minimum 3750 

Maximum 45000 

a. Calculated from grouped data. 
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Figure 17. Distribution of Annual Household Income (using mid-points) for the Orkney Households 

 
When fuel spend was analysed against other factors highlighted by the previous studies the results 

were also broadly consistent. No significant differences were found between house types (Figure 18) 

with, as expected, flats showing a lower spend and a lone caravan a higher spend. House age 

showed no significant variation beyond a notably lower average consumption for those constructed 

post-2002 (Figure 19). Tenure (Figure 20) is included for illustrative purposes but any interpretation is 

limited by the predominance of owner-occupiers. Figure 21 breaks the sample down by main space 

heating type and suggest, would be expected, higher than average costs for those using solid fuels 

and lower than average costs for those using air and air to water source heat pumps. Figure 22 

shows similarly insufficiently conclusive result for fuel spend according to wall type, with timber 

framed dwellings showing a notably high level of variation towards higher fuel spends.   

Finally, and in a repeat of the unusual result from the Skye households, relationships were found 

between fuel spend and the numbers of occupants and bedrooms (Figures 23 and 24), with the latter 

again being stronger (r value 0.241, r2 0.058, Sig. 0 for total occupancy and r 0.339, r2 0.115, Sig. 0 for 

bedrooms). Furthermore, due to the completeness and level of heterogeneity in the dataset it was 

also possible to test whether this was, as might be expected, likely to be due to collinearity. 

Although open to some interpretation, the analyses found a clear but not particularly strong 

correlation between total occupancy and the number of bedrooms (r value 0.409, r2 value 0.167, Sig. 

0), but a clear lack of evidence of collinearity when regressed against fuel spend (tolerance 0.836, 

VIF 1.196). From a building science perspective this is very interesting finding that may merit further 

study.  
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Figure 18. Annual Fuel Costs by Dwelling Type for the Orkney Households 

 

 
 
Figure 19. Annual Fuel Costs by Dwelling Age for the Orkney Households 
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Figure 20. Annual Fuel Costs by Tenure for the Orkney Households 

 

 
 
Figure 21. Annual Fuel Costs by Main Space Heating Type for the Orkney Households 
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Figure 22. Annual Fuel Costs by Wall Type for the Orkney Households 

 

 
Figure 23. Annual Fuel Costs by Number of Bedrooms for the Orkney Households 
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Figure 24. Annual Fuel Costs by Total Number of Occupants for the Orkney Households 

 

The Lochaber and Argyll and Bute Households – Complexity in 

Heterogeneity  

The Lochaber and Argyll and Bute dataset is composed of 139 households drawn from a much 

geographically larger region than the Skye and Orkney households, spread more and generally 

smaller population centres than for the rural Aberdeenshire households (Figure 25). As shown in 

Tables 16 and 17, the dataset is large and highly heterogeneous in terms of the number of variables 

for which useful numbers of records were collated.  

The dwellings are predominantly older detached and semi-detached houses and detached 

bungalows (over half being constructed pre-1919 and 1950 to 1964), and over 80% are owner-

occupied, and a similar proportion have either one or two occupants. As for the Orkney households, 

a measure of household income was collected using bracketed data however, in this case almost one 

quarter of respondents did not report this data and, usefully for the validation of the Renfrewshire 

findings, there were a good number of households on main gas and a small population of island 

homes.  

Finally, 47.5% of householders reported spending more than 10% of their income on fuel, 44.6% 

reported that they spent less than 10%, and 1.4% answered that they sometimes did, with 6.5% not 
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responding. This generally concurs with the 2010-2012 statistics for the region29, allowing for a 

variation in line with the national trend. However, when asked if their homes were adequately 

heated 72.4% answered yes, 26.8% answered no, and 0.8% answered sometimes (no non-responses).    

Table 16. Descriptive statistics for the Lochaber and Argyll and Bute Households 

House Type Detached House Semi-detached 
house 

Mid-terrace house End-terrace 
house  

25.9% 16.5% 9.4% 5.8% 
 

Detached 
bungalow 

Semi-detached 
bungalow 

Mid-terrace 
bungalow 

End-terrace 
bungalow  

24.5% 4.3% 0.7% 0.7% 
 

Semi-detached 
maisonette  

Ground floor flat Mid floor flat Top floor 
flat  

0.7% 4.3% 1.4% 2.9% 
 

Flat - Other Unknown 
  

 
2.2% 0.7% 

  

     

Tenure Owner-occupied - 
mortgage status 
unknown 

Owner-occupied - 
owned outright 

Owner-occupied - 
with mortgage 

Privately 
rented 

 
63.3% 15.8% 3.6% 7.9% 

 
Unknown 

   

 
9.4% 

   

     

Total Occupancy 1 2 3 4 
 

31.7% 48.2% 5.0% 3.6% 
 

5 6 9 Unknown 
 

2.9% 1.4% 0.7% 6.5% 
     

Employment (all 
occupants) 

Full-time employed 
only 

Retired only Other 
combinations 

Unknown 

 
22.3% 57.6% 16.5% 3.6% 

     

Annual Household 
Income 

£0 to £7,500 £7,501 to £16,500 £16,501 to £23000 £23,001 to 
£30,000  

6.5% 26.6% 19.4% 13.7% 
 

£30,001 to £35,500 £35,501 to £40,000 Over £40,000 Unknown 
 

1.4% 2.9% 5.0% 24.5% 

 

 

                                                             
29 Scottish Government, 2014. Proportion of Households in Fuel Poverty by Intermediate Zone Argyll & Bute, 
2010-2012. Available at: http://www.gov.scot/Resource/0045/00456961.pdf  
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Table 17. Descriptive statistics for the Lochaber and Argyll and Bute Households 

House Age  Pre-1919 1919-1929 1930-1949 1950-1964 
 

32.4% 1.4% 9.4% 25.9% 
 

1965-1975 1976-1983 1984-1991 1992-1998 
 

16.5% 7.2% 2.2% 1.4% 
 

Unknown 
   

 
3.6% 

   

     

Number of 
bedrooms 

1 2 3 4 

 
5.8% 24.5% 46.0% 18.7% 

 
5 6 Unknown 

 

 
2.2% 0.7% 2.2% 

 

     

Wall Type Stone Solid brick Timber frame System built 
 

28.8% 7.2% 15.8% 26.6% 
 

Cavity wall - as 
built 

Cavity wall - 
retrofitted 

Solid wall Dorran 

 
12.9% 2.9% 2.9% 0.7% 

 
Other  Unknown 

  

 
0.7% 1.4% 

  

     

Wall Insulation Cavity wall Internal insulation External 
insulation 

None / as built 

 
9.4% 28.1% 40.3% 18.0% 

 
Don't know / Unknown 

  

 
4.3% 

   

Window Type 100% Single glazed 25% Double glazed 50% Double 
glazed 

75% Double 
glazed  

7.2% 4.3% 2.2% 0.7% 
 

100% Double 
glazed 

Unknown 
  

 
82.7% 2.9% 

  

     

Primary Space 
Heating 

Mains gas Electric Oil Bulk LPG 

 
36.7% 30.2% 15.8% 7.9% 

 
Coal Biomass 

  

 
6.5% 2.9% 
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Figure 25. Fuel Spend by Town / Nearest Town for the Lochaber and Argyll and Bute Households 

 

Analysis of Household Fuel Spend  

This was the only dataset to include sufficient records of household employment to be useful 

however, as shown in Figure 26, the number of different combinations of employment types 

restricted this analysis to testing for a difference in the average fuel spend to those households with 

all occupants being retired or in full time employment. In this case there was some evidence to 

suggest a statistically significant difference between the two sub-samples, but not a clearly 

conclusive one (t values 2.590 / 2.395, Sig. values 0.012 and 0.023 respectively), with those in full time 

employment showing the higher average fuel spend. The obvious conclusion here is that this result is 

detecting the influences of behavioural / lifestyle factors however, due to the heterogeneity of the 

population further research would be needed to show this conclusively. 

The overall distribution of fuel spend is heavily skewed towards lower spends but, as might be 

expected, not significantly tailed (Figure 27 and Table 18), whereas the income distribution shows no 

significant signs of either a skew or tail (Figure 28 and Table 19). However, a strong caveat applies 

here as this is based on bracketed data and so only mid-points are used in the analysis, and this may 

help explain the lack of any significant relationship found between income and fuel spend (r value 

0.152, r2 0.023, Sig.0.220, Figure 29).   
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Figure 26. Fuel Spend by Employment Status for the Lochaber and Argyll and Bute Households 

 
Figure 27. Total Fuel Spend for the Lochaber and Argyll and Bute Households 
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Table 18. Total Fuel Spend for the Lochaber and Argyll and Bute Households 

 
Statistic Std. Error 

Total Fuel Spend Mean 866.38 53.920 

95% Confidence Interval for 

Mean 

Lower Bound 759.25 
 

Upper Bound 973.52 
 

5% Trimmed Mean 830.67 
 

Median 709.16 
 

Variance 261659.694 
 

Std. Deviation 511.527 
 

Minimum 119 
 

Maximum 2561 
 

Range 2443 
 

Interquartile Range 620 
 

Skewness 1.098 .254 

Kurtosis .577 .503 

 

 

 
Figure 28. Household Income (mid points) for the Lochaber and Argyll and Bute Households 
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Table 19. Household Income (mid points) for the Lochaber and Argyll and Bute Households 

 
 

Statistic Std. Error 

Household Income (Mid 

point data) 

Mean 19585.7143 1049.68614 

95% Confidence Interval for 

Mean 

Lower Bound 17504.1473 
 

Upper Bound 21667.2813 
 

5% Trimmed Mean 18970.2381 
 

Median 19750.0000 
 

Variance 115693303.571 
 

Std. Deviation 10756.08217 
 

Minimum 3750.00 
 

Maximum 46500.00 
 

Range 42750.00 
 

Interquartile Range 14500.00 
 

Skewness .940 .236 

Kurtosis .641 .467 

 

 
Figure 29. Household Income (mid points) versus Fuel Spend for the Lochaber and Argyll and Bute 

Households 
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As for the other datasets for which sufficient records were available, there was no clear 

differentiation by house type (Figure 30), house age (Figure 31), or wall type (Figure 32), and whilst 

there was some suggestion of a significant difference between the fuel spends of households using 

mains gas and electricity for their primary heating systems (Figure 33) this was not sufficiently 

statistically significant to be conclusive (t value -1.901 / -1.831, Sig. 0.063 / 0.074).  

However, as previously, some very interesting results emerged from the analyses of total occupancy 

and the numbers of bedrooms (Figures 34 and 35). In this case there was a clear and significant 

correlation between fuel spend and total occupancy (r value 0.509, r2 0.259, Sig.0) but not with the 

number of bedrooms (r value 0.158, r2 0.02, Sig. 0.141). Whilst also, as for the Orkney households, 

testing for collinearity found no statistically significant evidence of overlap (tolerance 0.876, VIF 

1.142). In addition, this was the only dataset for which sufficient numbers of respondents had also 

answered the question asking how many of these were actually in use as bedrooms, and adjusting 

for this improved the correlation whilst making little difference to the collinearity statistics with 

occupancy (r value 0.384, r2 0.148, Sig.0.005, tolerance 0.772, VIF 1.295, Figure 36). This debate will, 

no doubt, go in. 

 

 

Figure 30. Fuel Spend by House Type for the Lochaber and Argyll and Bute Households 
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Figure 31. Fuel Spend by House Age for the Lochaber and Argyll and Bute Households 

 

 

Figure 32. Fuel Spend by Wall Type for the Lochaber and Argyll and Bute Households 
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Figure 33. Fuel Spend by Primary Space Heating Type for the Lochaber and Argyll and Bute 

Households 

 

 
 
Figure 34. Total Occupancy versus Fuel Spend for the Lochaber and Argyll and Bute Households 
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Figure 35. Number of Bedrooms versus Fuel Spend for the Lochaber and Argyll and Bute 

Households 

 

 
Figure 36. Number of Bedrooms used as Bedrooms versus Fuel Spend for the Lochaber and Argyll 

and Bute Households 
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Validation of the Renfrewshire study 

Finally, the key aim of the Spéird Project was to expand on and validate the findings from the 

Renfrewshire study, which showed significant differences in heating fuel spend between households 

in rural and urban areas. By combining the four Spéird datasets and the Renfrewshire data a total of 

1,015 households could be reliably matched with their total annual heating costs. Of these 363 were 

classified as urban, 42 as peri-urban30, 364 as rural, and 246 as island (Figure 37). It should be noted 

that Skye was classified as rural rather than island due to the bridge providing a road connection for 

transporting solid fuel.  

The main loss of data during processing was not being able to adjust for data from households using 

electric main heating systems, largely from the Aberdeenshire and Orkney samples. However, as 

shown in the previous sections it was still possible to conduct useful analyses on these and no doubt 

there is more evidence still to be found in the data.  

Discounting the small number of peri-urban households, all three samples show high levels of 

variance towards higher fuel spends. The distributions of fuel spend show a clear bias towards lower 

expenditure (£500 or less), and the distribution of fuel spend for the rural households tends towards 

£500- to £1,000 with a clear tail towards higher spends, whilst that for the island households is more 

even, but with a similar tail to that of the rural households.  

So, returning to the key question. Figure 38 shows a box plot for the distribution of fuel spend by 

rurality, and appears to show a significant difference between the urban and rural and island 

households. Tables 20 and 21 show the results of the t-tests that confirm this. Both results show 

strong t-values (t stats 6.046 / 6.045 for urban / rural and 4.408 / 4.534 for urban / island, all Sig. 0), 

suggesting the difference with the urban sample is stronger for the rural households however, this 

may be explained by the large proportion of Orkney households within the island sample, with 

Orkney Mainland being more developed and better served by transport than most other island 

areas.  

This means that the primary aim of the study has been 

met, and we can conclude that the statistically significant 

difference found between the heating spend of 

households in urban and rural Renfrewshire has been 

found to exist across these regions of Scotland.     

 

 

 

                                                             
30 Defined as large towns partially surrounded by rural areas but connected to a major urban population centre. 
All peri-urban records come from the Renfrewshire study.   

Rural and island householders 

spend statistically significantly 

more on heating fuel than urban 

householders.  
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Figure 37. Heating spend frequency by rurality for the combined dataset 

 

 

 Figure 38. Variation in heating spend by rurality for the combined dataset 
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Table 20. t-test results for Heating spend costs for urban versus rural households   

 t-test for Equality of Means 

t df Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of 
the Difference 

Lower Upper 

Heating 
Spend 
(Urban / 
Rural) 

Equal variances 
assumed 

6.046 725 .000 379.85942 62.83225 256.50454 503.21429 

Equal variances 
not assumed 

6.045 714.807 .000 379.85942 62.84235 256.48177 503.23706 

 

 

Table 21. t-test results for Heating spend costs for urban versus island households   

 

 

 

 

 

 

  

 t-test for Equality of Means 

t df Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence Interval of 

the Difference 

Lower Upper 

Heating 

Costs 

(Urban / 

Island) 

Equal variances 

assumed 

4.408 607 .000 308.56309 70.00115 171.08925 446.03693 

Equal variances 

not assumed 

4.534 572.933 .000 308.56309 68.04945 174.90627 442.21992 
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The Highland Energy Behaviours Pilot Study= 

The highland energy behaviours pilot study, rebadged 

as Golspie Energy Fayre and with additional support 

from the Cosy Homes East Sutherland Scheme 

(CHESS) and Home Energy Scotland, was intended to 

meet two aims: 

 To gather qualitative evidence on if and how 

energy behaviours in rural households differ 

from those in urban areas. 

 To serve as a pilot exercise for understanding 

the feasibility of conducting such studies, 

using standard social science methods, in one 

of the most rural areas of the UK. 

The event was held at Fountain Road Hall, Golspie, on 14th April 2016. The original intention was to 

ask the attendees to take part in two structured discussion sessions, exploring their thoughts on 

their community and their homes, and designed to draw out evidence of behaviours that may differ 

between urban and rural households. However, in an unfortunate illustration of one of the 

difficulties of conducting research in rural Scotland, on the morning of the fayre a car crash blocked 

the A9, the only road in and out of the town, and so attendance was significantly lower than 

expected31. In response to this the format was adapted so that attendees received advice from 

CHESS and then were interviewed by the Spéird team. 

A full standalone report on the event is available separately, this section provides a summary. 

Background 

One fundamental hypothesis behind the Spéird Project is that traditional quantitative social sciences 

methods are insufficient for understanding and addressing complex policy problems because they 

lack the sensitivity and flexibility to deal with that complexity32. The few previous studies that have 

taken a more building science-led approach to studying socio-economic differences in actual 

household energy consumption have illustrated this complexity and cast doubt on the validity of 

standard building energy models, but the costs and difficulties of conducting them mean they remain 

rare in the UK (see Section 2). 

                                                             
31 There was an informal target of ~20, with the event timed to match with the local bus and train timetables to 
bring people in groups. 
32 Castellani, B., 2014. Complexity and the failure of quantitative social science.  Discover Society November 2014.  Available 

from:  http://discoversociety.org/2014/11/04/focus-complexity-and-the-failure-of-quantitative-social-
science/?utm_content=buffer0def5&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer 

http://discoversociety.org/2014/11/04/focus-complexity-and-the-failure-of-quantitative-social-science/?utm_content=buffer0def5&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer
http://discoversociety.org/2014/11/04/focus-complexity-and-the-failure-of-quantitative-social-science/?utm_content=buffer0def5&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer
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Whilst these previous studies represent the most robust evidence on differences in household 

energy consumption at this scale, they are all limited by the practicalities of how much data on the 

households that is not collected by other means can be extracted through additional surveying. This 

is particularly true in the case of understanding behaviour, both because of its complexity and 

because (with some exceptions) the influence of technical factors generally dominate and make the 

influences of specific behaviours difficult to disentangle with a good degree of statistical confidence. 

Furthermore, due to the small number of such studies conducted to date and the wide variety of 

homes and household types, understanding the types of behaviours that may be detected by such 

agnostic approaches is still an area where more evidence is needed. 

Therefore, as this approach is being used in the other four Spéird regions the project was designed 

to include a focus group style community event to investigate rural household behaviour, and to test 

some hypotheses which build on our previous research. However, in order to inform the design and 

direction of future research, it was also intended to help understand more about the practicalities 

and significance of the findings from applying a conventional approach in a remote rural area with 

higher than average levels of fuel poverty and other indicators of deprivation.    

As a final note, it should be made clear that these findings in no way refer to or question the many 

other benefits of running community energy events, and being able to offer an energy advice 

services was critical in encouraging people to attend.  

Methodology 

An important limitation on most behavioural studies is the Hawthorne Effect33, whereby participant 

behaviour is influenced by them knowing they are participating. Similarly, an important limitation on 

the design of this event was how to limit the impact of the branding of the event whilst not 

employing deception and offering people something worth travelling to. After some discussion, and 

with CHESS offering to partner, running it as an ‘energy fayre’ was agreed on as the best option for 

keeping on an energy theme without referring to fuel poverty, which the partners agreed was too 

negative and self-stigmatising.  

Although paying participants as an incentive to attend focus groups is common practice in the social 

sciences this was considered to detract from the intention to be a community event, so instead 

participants were offered free tea, coffee and cakes, and a raffle in aid of TYKES, a local charity for 

young carers.     

The original intention was to run two structured discussion sessions however, as mentioned 

previously, these had to be changed to semi-structured interviews. The questions were designed by 

GCU, Highland Council and EAS, and split into a general discussion around community life and a more 

focused discussion on heating and household behaviour. As with any study attempting to identify 

‘unknown unknowns’ and ‘known unknowns’ there is an inherent tension between having a truly 

open and unprompted discussion and the desire to explore anecdotal evidence however, in the 

                                                             
33 Grubb, M. J., 1990. Energy efficiency and economic fallacies:  Energy Policy, 18, pp. 783–785.   
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event the switch to the interview format made it easy to distinguish between prompted and 

unprompted comments.  

The questions were designed to first explore more general and contextual issues in relation to living 

in a rural community, with participants prompted to compare these with how they thought they 

were different or similar to those living in urban areas, before focusing down on how they use and 

heat their homes.  

Two areas of anecdotal evidence the team wanted to explore were the suggestion that rural 

householders are more likely to maintain warmer homes during the day in case they receive visitors, 

and that the thresholds of rural households are more permeable in general, with people (and 

animals) coming and going more often and doors being left open. Prompts for discussing these were 

only used at the end of the interviews if the participant did not raise the points themselves, and any 

uses were recorded in the interview notes.    

In line with other similar studies, the timing of the event was intended to capture participants’ 

thoughts when they are not experiencing annual temperature extremes, and in this case not likely to 

be thinking about looming winter fuel bills, so their thoughts should be less swayed by their current 

circumstances. Somewhat ironically, Golspie was chosen as the location because being on the A9 

(usually) makes it more accessible than the other options that were available.  

Results and Discussion 

A total of 12 people attended the fayre, all of whom were given energy advice by CHESS and a ‘light 

touch’ run through the discussion questions, and four of whom participated in in-depth semi-

structured (~1/2 hour) interviews with the Spéird team. Of the eight who didn’t participate, in some 

cases this was because of needing to get away and in others because they were particularly 

vulnerable and / or unwilling to take part.        

Of the 12 attendees, 10 (and all 4 interviewees) were known to own their own homes, and the status 

of the other two could not be determined. Two (including one of the interviewees) were landlords 

with numerous (16 and ~10) properties, many of which were in East Sutherland (see later).  

Of those who attended but weren’t interviewed, one reported turning their heating on and up 

higher if they knew they had a visitor coming, and another reported leaving their heating on during 

the day so that their cat didn’t get cold. In addition, CHESS reported that many of those seeking 

advice (at the fayre and otherwise) are doing so because of a lack of understanding about how to 

make best use of their heating systems – e.g. using heating controls, adjusting heating regimes to 

different tariffs – and there is a very strong loyalty to SSE as a supplier (or more particularly the 

Scottish Hydroelectric brand, which it owns). In the latter case it has been assumed, but not proven, 

that this is because SSE maintain most of the infrastructure in the highlands and islands, as well as 

having some shops and visitor attractions (hydroelectric plants), and so have a very visible presence 

in these areas. CHESS report that in one case a customer would not switch away from SSE even after 

they were advised that they could save £1500 per year.    



  

62 
 

Of the four interviewees, unsurprisingly all mentioned knowing lots of people in their communities 

and taking part in community life as one of the best things about living in a rural area, with one (who 

had lived in a Scottish city in the 60s and 70s) commenting that they were surprised to hear that 

there is a common perception that rural areas are much friendlier. As an example of how this can be 

used as part of providing support in a way that would be difficult in an urban area, CHESS was able to 

advise one interviewee on a heating upgrade based on the experiences of someone else they knew 

in their community. Other comments from interviewees added weight to the common perception 

that rural communities have lower crime rates and offer healthier and more social lifestyles. 

The main problem with rural living mentioned, in some form, by all four participants was the impact 

of their remote locations on travel behaviour and being able to get out and about, be that needing to 

plan trips to make the most of the time away or having to cope with the weather. However, none of 

the interviewees perceived bad weather as a reason they wouldn’t go out, and one commented that 

this used to be the case when they lived in a city, and another commenting that they’ve noticed that 

winter weather has got less extreme (no more snowstorms) and people are getting out more 

because of it. 

Of the four interviewees, only one, who had oil central heating and reported being very conservative 

with their energy use, had what might be described as a conventional heating system used as the 

main form of heating. Of the others, one had a wood burning stove and electric point heater set up; 

one had four different heating systems (central heating, separate immersion heater, open fire, and 

additional heaters – assumed to be electric); and one (a landlord) lived in an eco-house which was 

mainly passively heated, with (zoned) central heating used for one bedroom, one oil and one electric 

Aga in regular use, and mechanical ventilation and heat recovery (MHVR) that is never used.  

As regards evidence of rural households having more permeable doorsteps, only one explicitly 

stated they would put their heating on if they thought they might have visitors, two were heating 

their homes for occupancy during the day anyway, and the other lived on a hill and was someone 

who was out and about a lot and much more likely to be the visitor than be visited. However, when it 

came to the impact of pets things were much clearer. One of the four did not have any pets, two 

reported either having or sharing a dog, and the fourth reported coming and going regularly for 

looking after their garden and small herd of sheep. One of the dog owners was also the eco-house 

owner and reported that, because of the way the ventilation and air conditioning works, “you can’t 

have a PassivHaus with a dog”.    

Finally, all four were, in different ways, aware of and responding to their very different energy and 

heating situations. In one case (the conservative energy user) this was the often-cited example of an 

elderly person living alone and engaging in behaviours just short of self-limiting, whilst the other 

three were family households (of one form or other) with different household behaviours, and very 

different and non-standard heating set ups. 
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Conclusions 

Obviously the small sample means that it is unadvisable to infer too much from these results as 

regards how widespread or significant the reported behaviours are, they conform to the general 

narrative of rural households exhibiting behaviours that are indicative of higher heating energy 

consumption. However, there is also no evidence to question the hypothesis that having a more 

permeable threshold, for example because of having animals and / or more frequent visitors, is likely 

to indicate a non-standard heating regime, and would certainly be expected to result in higher 

energy consumption.   

Due to the tight project schedule and the need to host this event at an appropriate time the results 

are not suitable for producing results that could be meaningfully analysed against their energy data. 

However, the results do point to the potential to understand much more about the types of 

behaviours that are prevalent amongst rural households from evidence that is already being, or 

could be, collected by energy advisors living and working in rural areas, but which is not currently 

codified and analysed. This could, at least, be valuable for identifying potential ‘unknown unknown’ 

and ‘known unknown’ behavioural influences for further investigation. 

As regards the practicalities of future studies the event, sadly, adds another example to the list of 

problems that make research in rural areas more difficult, but also to the evidence of the benefits of 

partnering with local authorities and frontline services.  

Finally, even with the limited number of interviewees, it would be difficult not to draw attention to 

the differences between the households and the diversity of heating system arrangements. Where 

using more costly on-site surveys and / or more sophisticated modelling isn’t possible, conventional 

building science thinking and modelling assumes households use limited combinations and types of 

space heating in a fairly limited number of ways. Traditionally a primary / central heating system with 

one main form of secondary heating, but three of 

the four interviewees reported having highly 

non-standard heating system arrangements.  

The greater the number and diversity of such 

households, the greater the complexity of the 

information in a system which ultimately 

expresses itself as household energy 

consumption and expenditure. That makes 

trying to group household types and energy 

consumers into small numbers of categories, a 

common approach applied by conventional 

social science-based studies and a common tool 

amongst policy makers, fraught with difficulty 

and uncertainty. It is time we abandoned this 

approach.  

 

The greater the number and diversity of 

non-standard households, the greater the 

complexity of the information in a system 

which ultimately expresses itself as 

household energy consumption and 

expenditure. Trying to group household 

types and energy consumers into small 

numbers of categories, a common 

approach applied by conventional social 

science-based studies and a common tool 

amongst policy makers, is fraught with 

difficulty and uncertainty. It is time we 

abandoned this approach. 
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Conclusions 

The great danger with using models to try to understand the real world is that if they are designed 

around what we think we know they will produce results that conform to our prior assumptions and 

expectations, and lead to recommendations that respond to those assumptions and not the real 

world. Conversely the great danger with agnostic, statistics-driven, approaches is that without that 

prior knowledge they risk producing statistically significant results that run counter to what we really 

do know, and the sheer number of possible variables that could be studied requires extra caution 

when inferring if they really do represent what we think we know.  

For this reason the results of the project have presented here as transparently and cautiously as 

possible, and still more may emerge from the datasets as our wider research progress. We 

understand this means presenting some statistics that may be unfamiliar to some readers so we have 

done our best to explain them, and a glossary of key terms in given as an appendix. This 

transparency also reflects the fact that the robustness of the datasets does give us a high degree of 

confidence in the findings, even where some may appear contradictory.   

Higher Incomes and Household Fuel Spend  

Within the more affluent Aberdeenshire sample the analyses of household expenditure on electricity 

confirmed the result of one of the Leicester studies34 which found that higher income is a strong 

indicator of usually high electricity consumption. This adds to the evidence that the strength of the 

influence of income increases with income in a non-linear relationship. This further suggests that the 

use of the income domain of the Scottish Indices of Multiple Deprivation (SIMDs) as an indicator of 

household fuel spend (and fuel poverty) is more valid for targeting higher income / higher 

consumption households, and less valid for those on low incomes. 

Another analysis of this dataset, which was the only one to include a significant number of more 

affluent rural households, came very close to showing a negative correlation between income and 

fuel spend. This would have confirmed another result of the Renfrewshire study and, if true, would 

have direct implications for policy. One possible explanation for this was the skewed income 

distribution caused by a large number of households in SIMD income decile 9, and so the result at 

least provides evidence for not discounting the hypothesis of fuel spend decreasing amongst higher 

income rural households.      

Occupancy and occupant behaviour 

Analysis of the highly homogeneous Skye households supports previous evidence of a clear trend in 

average heating fuel costs increasing with the total number of occupants, and that this trend is 

stronger when occupancy figures include both adults and children. However, it also shows the 

variation in household fuel spend increasing with occupancy, which questions the common 

                                                             
34 Jones, R.V., & Lomas, K.J., 2015. Determinants of high electrical energy demand in UK homes: Socio-
economic and dwelling characteristics. Energy and Buildings, Vol. 101, 15 August, pp. 24-34. 
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assumption that heating fuel spend (in this case also a direct measure of energy consumption) 

necessarily increases with occupancy. Although it was not possible to completely control for total 

floor area, known to be the strongest influence on heating energy consumption, this was achieved 

to a large degree (confirmed from local knowledge checked against online maps) but the uniformity 

of the housing types. 

Further analysis of the Skye households adds weight to previous evidence  that occupant behaviour, 

beyond one-off ‘behaviours’ such as installing energy efficiency measures, explains a significant 

amount of the variation in energy consumption and fuel spend within even highly homogeneous 

groups of households. And although not absolutely conclusive, supported the assertions from local 

knowledge that the sample included households engaged in self-limiting behaviours, beyond single 

behaviours such as installing energy efficiency measures.  

The more limited evidence from the Highland study also supports the suggestions, from this and 

previous research, that rural householders do indeed engage in more complex energy behaviours 

due to a mix of lifestyle factors related to rural living. However, what all the components of this 

study point to is that Scottish householders make up a highly diverse and heterogeneous, and so 

grouping household types and energy consumers into small numbers of categories, a common 

approach applied by conventional social science-based studies and a common tool amongst policy 

makers, is fraught with difficulty and uncertainty.  

Impact of rurality on distributions of household fuel spend 

Analysis of the distribution of total energy costs for Orkney households showed a significant skew 

towards lower expenditures, with a log tail towards very high expenditures. This is exactly what 

would be expected if, as our own and others’ prior research suggests, ‘real’ distributions of 

household fuel spend are skewed, and become significantly more so in rural and island areas. There 

was also some evidence that households in post-2002 dwellings were spending significantly less on 

energy, with little difference in the average or variation in spend for households in older dwellings. 

Employment and household fuel spend 

Analysis of the data from the Lochaber and Argyll and Bute households found statistically strong 

evidence of a difference in average total fuel spend between households where all adults were full-

time employed and those where all were retired, and again questioned the validity of household 

income as an indicator of (lower) household energy expenditure.    

Disentangling the influences of occupancy and bedrooms 

Conflicting evidence exists on the influences of, and relationships between, occupancy, number of 

bedrooms, and some other ‘known’ or suggested indicators of energy consumption. For the Skye 

households clear evidence was found on the strength of (total) occupancy as an independent 

indicator of expenditure on heating, whilst casting doubt on the validity of bedrooms, with the 

suggestion that this statistic could be acting as a proxy for floor area (given the unusual 

homogeneity of the sample). Further evidence on the influences of total occupancy and bedrooms 

was found for the Orkney households, where the latter correlation was actually stronger, but 

independent from occupancy. However, in this case the heterogeneity of the dwellings in the sample 
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works to support the argument that bedrooms are not necessarily acting as a proxy variable for total 

floor area.  

Finally, analysis of the similarly heterogeneous Lochaber and Argyll and Bute dataset supported this 

evidence of a lack of collinearity, but in this case also supporting the Skye findings for the individual 

correlations. However, in this case the dataset was sufficient to also test the correlation between 

total fuel spend and the number of bedrooms respondents reported actually using as bedrooms, 

which was found to increase significantly without significantly affecting the lack of evidence for 

collinearity with occupancy, which is not what would be expected if that statistic was acting as a 

proxy for other variables.     

Differences in heating spend between urban, rural and island households 

And finally, by combining the four Spéird datasets and the Renfrewshire data a total of 1,015 

households could be reliably matched with their total annual heating costs, the project was able to 

confirm the existence of a statistically significant difference between the heating fuel spend of 

households in urban areas and those in rural and island areas. In addition, the results found the 

difference to be more significant for the rural households however, this may itself reflect socio-

economic differences between the rural and island populations that were sampled for the study. 
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Key Findings  

 We found significant new evidence to question the common assumption that there is a linear 

relationship between household income and expenditure on energy for those on the highest 

and lowest incomes - i.e. those on the highest incomes are spending disproportionately more 

and those on lowest incomes are spending disproportionately less. 
 

 In concordance with this, we found further evidence to suggest that the ‘real’ distributions of 

household fuel are heavily skewed towards lower expenditures, particularly in rural and island 

areas, with long ‘tails’ towards very high expenditures. This means reporting median averages 

for fuel poverty statistics may be misleading, particularly to politicians and the general public.  
 

 Although not conclusive, we found new evidence to suggest that, for rural and island 

households, expenditure on non-electric heating (only) does not necessarily increase, and may 

actually decrease, at higher incomes. Conversely, we found strong evidence that household 

expenditure on all energy needs increases disproportionately with income for those using 

electric heating. However, this is also consistent with other research that shows this is likely to 

be mainly due to other (non-heating) energy use.  
 

 Whilst the average heating costs of households increases with the number of occupants, so 

does the variation in those costs. So it is not safe to assume that larger households necessarily 

spend more on heating. 
 

 Occupant behaviour appears to explain a significant amount of this variation, and the energy 

behaviours of rural and island households do appear to be more complex and multi-faceted. We 

also found evidence to confirm the existence of rural householders self-limiting their 

expenditure on heating. 
 

 The influence of employment is difficult to disentangle due to the number of possible 

combinations of employment types for any individual household however, there we did find 

statistically strong evidence of households where all occupants are full-time employed spending 

more on all their energy needs than those where all occupants were retired. 
 

 We found conflicting evidence on the influences of, and between, the number of occupants, the 

number of bedrooms, and other ‘known’ influences on energy consumption, which both 

supports and questions the findings of previous studies and further demonstrates the 

complexity of the problem of identifying fuel poor households.   
 

 Finally, we were able to confirm that key finding of the Renfrewshire study, that a statistically 

significant difference exists between the heating fuel spend of households in urban areas and 

those in rural and island areas of Scotland. In addition, we found the difference to be more 

significant for the rural households than for island households. However, this latter finding may 

reflect known socio-economic differences between the rural and island populations that were 

sampled for the study. 
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Recommendations 

 Tackling fuel poverty in rural and island Scotland requires a distinctly different approach than for 

urban areas. This is because the nature and distribution of household expenditure on energy is 

the result of a wide and complex range of inter-related influences, including occupant 

behaviour, and this complexity is significantly greater amongst the fuel poor and households in 

rural and island areas. 

    

 The use of the income domain of the Scottish Indices of Multiple Deprivation is valid as a proxy 

measure for targeting energy profligate households on higher incomes however, its value for 

targeting fuel poor households on the lowest incomes is highly questionable.    

 

 As such, conventional social science-based approaches to policy making, which attempt to 

group households into small numbers of categories and assign solutions to those categories 

rather than to individual householders, are inadequate for addressing fuel poverty, particularly 

in rural and island Scotland.  

 

 If we are to really address fuel poverty 

amongst the most vulnerable and isolated 

communities we need policies that treat 

fuel poverty as primarily a welfare 

problem, and which treat householders as 

individuals, not statistics. 

 

 

 

 

 

 

 

 

 

 

If we are to really address fuel poverty 

amongst the most vulnerable and isolated 

communities we need policies that treat 

fuel poverty as primarily a welfare 

problem, and which treat householders as 

individuals, not statistics. 
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Learning Points 

Some useful learning points have emerged from setting what we achieved in practice against our 

original aims and objectives. 

Tasks and Timescales 

Aside from the slight delay to the completion of the final report, there were only two notable delays 

to the project, and neither of these proved insurmountable. The first was an internal administrative 

problem at GCU that delayed the official start date and impacted on what was, in hindsight, an 

already ambitious set of tasks for Months 1-3. However, the real lesson here is that to would have 

been better for this period not to have included the Xmas holidays. The second, which became a 

terminal issue was with accessing electricity data for the Orkney households from the supplier 

however, as detailed in the next section, the final impact of this was minimal and offset by the 

workarounds resulting in a much larger dataset than originally planned.   

Data Collection 

Overall, we did succeed in demonstrating that it is possible to replicate the Renfrewshire study 

across rural and island Scotland within the one year time limit, and although the resulting datasets 

do not match as closely as we would’ve liked, all four data collection partners delivered useful and 

robust datasets well in excess of the minimum target of 50 records.  

Differences in the content of the datasets are largely due to the mixed methods of collection, but 

part of the challenge was to see how uniformly we could collect and collate the data without 

incurring the added costs of a fully bespoke study, and that challenge was largely met. In hindsight, 

further uniformity may have been achieved by doing more to specify how the data should be 

recorded and coded – for example house types can be recorded in several ways – although this 

would’ve incurred an additional cost to staff time and may have been best served by face to face 

training with all partners. Ideally, although at significant extra cost, the data collation would’ve been 

improved by providing all partners with licenses for SPSS (the statistics package used for the 

analyses), a standardized input sheet, and some basic training. SPSS is much better designed for 

coding data than Excel but less intuitive to learn from scratch.  

The Highland Study 

The Highland study was a lesson in the perils of organising an event in a highly rural area. Despite 

meticulous planning and hard work by the Highland Council team, including partnering with the Cosy 

Homes East Sutherland Scheme and Home Energy Scotland, on the morning of the event a car crash 

blocked the only road into the village of Golspie. Golspie was chosen as the location for being more 

accessible to people coming by car or bus than the alternative option of Lairgs. This impact was 

mitigated as far as possible but was obviously a significant loss to the project. A possible learning 

point from this is that any future studies could build in some level of redundancy by planning multiple 

events however, there may be more fruitful ways to pursue this area of research.   
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Project Impacts and Publicity 

To date, Spéird has already had a number of useful impacts, and following some positive discussions 

with key stakeholders we are hopeful that the findings will be taken on board by the Scottish 

Government and other relevant organisations as we move beyond the target. 

To date, the project has been included as evidence in the recent Review of Energy Efficiency and Fuel 

Poverty Programmes in Scotland for Citizens Advice Scotland35, and in the Scottish Government’s 

forthcoming Evidence Review of the Potential Wider Impacts of Climate Change Mitigation Actions: 

Built Environment sector36. It is also one of several GCU projects acknowledged in an article for The 

Conversation37 and syndicated through Scottish Energy News. 

The knowledge and experience developed through the project, including how it has helped justify 

our plans for new research into fuel poverty and vulnerability, has been communicated to both the 

Scottish Rural Fuel Poverty Taskforce and the Fuel Poverty Strategic Working Group as the project 

has progressed. The findings will be formally presented at a forthcoming meeting of the Scottish 

Parliament’s Cross Party Group on Architecture and the Built Environment, sponsored by the Royal 

Incorporation of Architects in Scotland.  
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37 Baker, K.J., 2016. Scotland’s not even close to getting on top of fuel poverty – here’s why. The Conversation, 
31st October 2016. Available at: https://theconversation.com/scotlands-not-even-close-to-getting-on-top-of-
fuel-poverty-heres-why-67917 
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Of course, this study could not have been conducted without the householders who contributed 

their data, and so we owe them a great deal of thanks too. 

And finally, there were some changes to our team during the course of the project, so we’d like to 

wish Tara Livornese, Stephen Carr, Paul Bradley, and Gemma Cassells all the best in their new posts.    

Future Plans 

As a nascent research group we have come a long way over the last year, and Spéird has been 

absolutely critical in this, not only in terms of the research we have been able to conduct, but also in 

terms of our plans for the future.  

In the immediate future we are pursuing funding for new research on fuel poverty, vulnerability, and 

mental health, from which we aim to develop a risk-based assessment of fuel poverty, and 

vulnerability to fuel poverty, in order to both address it in ways that better meet the needs of the 

most vulnerable and isolated households. Spéird has been fundamental to developing this new work 

thanks as the evidence it provides and the new questions it raises.     

Furthermore, the datasets collected for the project are in themselves a valuable resource, and no 

doubt more evidence remains to be gleaned from them. They will receive further attention as part of 

journal papers, an undergraduate dissertation project, and as part of at least one professional 

doctorate. 

And now for the final reveal. Our long term aim has always been to establish a Scottish centre for 

fuel poverty research, to be linked to the new UK-based Fuel Poverty Research Network, the 

European Fuel Poverty Network and other important initiatives that are now emerging as fuel 

poverty rises up the political agenda, both in Scotland and internationally. We are now starting to 

build that partnership and seek the funding to make this a reality.  

Please join us.     
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Contact Details 

 

Dr Keith Baker – Spéird Project Manager 

School of Engineering and the Built Environment, Glasgow Caledonian University  

T. =+44 (0) 7884125540 

E. keith.baker@gcu.ac.uk 

 

Ron Mould – Spéird Co-Investigator 

School of Engineering and the Built Environment, Glasgow Caledonian University / Renfrewshire 

Council 

T. +44 (0)7544289287 

E. ronald.mould@renfrewshire.gov.uk 

 

Scott Restrick – Chair, Spéird Steering Group 

Energy Action Scotland 

T. +44 (0)7771359630 

E. scott.r@eas.org.uk  
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Appendix – Glossary of Key Statistical Tests 

This is provided as an easy reference guide for the main statistical tests referred to in this report 

rather than an exhaustive guide to all the values presented in the various tables. 

Adjusted r2 value – Whilst the r2 value assumes that every single variable explains the variation in the 

dependent variable, the adjusted r2 reflects the percentage of variation explained by only the 

independent variables that actually affect the dependent variable. It is useful as evidence to support 

or reject the strength of the r2 value, particularly where lots of variables are being analysed 

simultaneously. 

Kurtosis – This is a measure of whether the data are heavy-tailed or light-tailed relative to a normal 

distribution. That is, data sets with high kurtosis tend to have heavy tails, or outliers. Data sets with 

low kurtosis tend to have light tails, or lack of outliers. Interpretations vary, but values below -2 or 

above 2, and particularly below -3 or above 3, are generally considered as statistically significant 

evidence of heavy tails. 

r value – This is the correlation coefficient and ranges from -1 to 1. The closer r is to 1 or -1, the more 

the stronger the correlation.  

r2 value – This is the coefficient of determination and describes how much of the variance in the 

distribution of the data is explained by the factor being analysed. The value ranges between 0 and 1 

(0-100% of variance explained) and in order to be considered significant it needs to be accompanied 

by a low (<0.05) Sig. value, and even then care needs to be taken when interpreting the result as 

representing a causal relationship.  

Significance (Sig.) value – Also known as the p-value. This is one of the most widely-used measures 

of statistical significance but has also been widely criticised38. In general, a Sig. value of less than or 

equal to 0.05 is considered significant, however care needs to be taken when equating statistical 

significance as evidence of causality. 

Skewness statistic – This is a measure of how asymmetric a distribution is. A normal distribution will 

have a skewness statistic of 0, or close to it. A skewness statistic of at least twice the standard error 

indicates a departure from symmetry. 

Standard Error - A measure of the statistical accuracy of an estimate, equal to the standard deviation 

of the theoretical distribution of a large population of such estimates (see Skewness). 

Tolerance – Used as part of collinearity diagnostics to determine how much a variable contributes to 

explaining overall variance. Values below 0.20 or 0.10, combined with VIF values above 5 or 10 

indicate collinearity is highly likely or certain.   

                                                             
38 For example: Wasserstein, R. L., & Lazar, N. A., 2016. The ASA's statement on p-values: context, process, and 
purpose. The American Statistician. 
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t-test – A t-test’s statistical significance indicates whether or not the difference between two groups’ 

averages most likely reflects a “real” difference in the population from which the groups were 

sampled. A high t value combined with a Sig. value less than or equal to 0.05 generally indicates a 

significant difference between the samples.   

VIF value – Used to test for evidence of collinearity between variables. A value above 3 indicates 

likely evidence of collinearity, above 5 is collinearity is highly likely, and above 10 is certainty. 

 

 


