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The residential sector accounts for an ever-increasing share of energy consumption in 
energy balances across the world. In the UK, this part of the economy was associated 
with 32 per cent of total final energy consumption in 2010 (DECC 2011) – a 31, 19 
and 13 per cent rise compared to, respectively, 1970, 1990 and 2009 (DECC 2011). 
However, statistics reveal that electricity consumption from consumer electronics 
increased by 74 per cent while the total energy use of cold appliances – such as 
freezers and refrigerators – declined by 16 per cent since 1990. The decreasing energy 
consumption of cold appliances has been attributed to technical efficiency 
improvements (DECC 2011). 
 
Aside from reducing energy consumption by addressing the deign features of 
domestic appliances, technologies can also influence human behaviour on an 
everyday basis (Fogg 1998). Yet interdisciplinary studies of the social practices 
associated with such technologies are almost non-existent, as is a wider exchange of 
ideas about their environmental effectiveness and technical implications.  
 
The report starts from the premise that personal engagement and empowerment in 
relation to new energy technologies is crucial for reducing energy use; designing a 
technology that can successfully achieve such an aim is just as much as social as it is 
an engineering challenge. It also identifies some the differences, gaps and overlaps 
among theories, methods and terminologies applied cross the geographical, 
environmental and computer sciences. Furthermore, the report challenges the 
argument that in the computer sciences the research emphasis is solely on individual 
human-computer relationships, while human geography and the environmental 
sciences focus solely on wider social-political, cultural and environmental 
implications of energy use1. 
 
The diverse spatialities of energy use 
 
Academic interest in energy-related issues became especially pronounced after the oil 
crises in the 1970s, due to concerns about energy resource dependence and energy 
security (Bredshaw and Kirkow 1998, Belyi 2003). The spatial distribution of energy 
resources and access to energy became a central research topic across the social 
sciences, opening up related issues such as energy poverty (Buzar 2007), justice 
(Gross 2007), sustainability (Dell and Rand 2001, van Dam et al. 2010, Seyfang 
2010) and resilience (O’Brien and Hope 2010). Adding a layer of complexity to the 
investigation of such questions was the inclusion of environmental concerns, 

                                                
1 This document is open for further interventions that will reflect the outcomes of empirical research 
undertaken under the auspices of the ADMIER (Accelerating and Disseminating Methodological 
Innovation in Energy Research) project. 
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especially with regard to climate change. As a result, an array of energy-related 
themes started to be investigated in a more detailed manner, and within specific 
geographical and environmental contexts. This led to the realisation that energy 
planning and governance are strongly implicated in the governance of social and 
environmental justice (Bulkeley and Betsill 2005). The achievement of energy 
efficient places with zero carbon emissions faced planners with new ethical dilemmas 
such as deciding which model of participation to apply and how to employ national or 
international resources (Wheeler 2009). As a result, energy practices became 
significantly shaped by purchasing and bargain market power issues, in which 
equitable access and distribution became undermined (Newell 2009, 2011a and 
2011b).  
 
Cities are playing an increasingly important role in the setting of energy and climate 
change agendas. In part, this is because urban areas are responsible for a significant 
part of GHG emissions – both directly as generators of such emissions and indirectly 
as end-users of fossil fuel based energies and other goods and services. Urban form 
has been found to play a central role in determining extent to which cities can move 
toward more energy efficient and less carbon intensive energy production and 
consumption practices (Owens 1986, Steemers 2003, Romero Lankao 2007). 
Satterthwaite (2008 and 2011) argues that with sustainable urban planning, cities can 
be at the same time places with high living standards and low carbon emissions and/or 
energy intensities. In order to achieve the aspiration for resilient and energy efficient 
cities, Picket at al. (2004) suggest bringing an ecological understanding to 
metropolitan ecosystems. For example, it is argued that suburban areas, especially 
those of a low density, tend to be more energy and GHG intensive than the high-
density urban core (Norman et al. 2006), while ‘smartly’ designed, adaptive and 
renewable buildings with low energy consumption levels are heralded as the key 
features of ‘green urbanism’ (Lehmann 2011). Still, urban energy efficiency and 
climate change agendas do not necessarily encompass the different ways in which 
suburban areas might address and cope with these challenges (Williams et al. 2010).  
 
Households and the residential sector present one of the major contributors to carbon 
emissions and as such represent a major target for energy efficiency interventions 
(Abrahamse et al. 2005, Moloney et al. 2009). It has been suggested that the main 
problem in terms of achieving an energy efficient residential sector is the lack of 
policy instruments and insufficient consumer oriented economic incentives for 
technological innovation (Williams 2010). Bhat et al. (2010) argue that equitable 
energy practices can be adopted in the context of a technologically - driven bottom-up 
approach. Therefore, it is expected that technological innovation will provide 
solutions to energy and climate change problems through low-carbon technology 
transfer (Byrne et al. 2011). It should be noted that the relationship between the 
energy-use behaviour and technological innovation is reciprocal – technology shapes 
behaviour and vice versa (e.g. Lutzenhiser 1992; Shove 2003, 2004 and 2006; 
Chappells et al. 2000; Shove and Warde 2001; Wilhite et al. 2000; Van der Waals et 
al. 2003; Chappells and Shove 2005; Shove et al. 2007 and 2008). Hence, these 
questions need to be seen within a wider social setting, where norms and values, as 
well as infrastructure, technology and institutions define social practices (Moloney et 
al. 2010). Shove (2003) supports this claim by arguing that energy is an intimate and 
important link in a complex web of socio-technical practices, and as such should be 
studied in socio-technical terms.  
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Household energy use has also been explored through analyses of the effectiveness of 
intervention for change of energy-related behaviours or through the identification of 
underlying factors of energy use, such as attitudes (Becker et al. 1981) and socio-
demographics (Williams 2010, Black et al.1985). Vassileva et al.’s (2012) findings 
show that a household’s total income is key in shaping consumer behaviour and 
electricity consumption. A socio-technical framework that considers both individual 
psychological factors as well as the social-political standards and norms is 
fundamental to the development of successful strategies to shift towards low carbon 
communities (Moloney et al. 2010). Still, designing a targeted approach that can 
successfully achieve such an aim is poses equally complex challenges for social and 
engineering scientists (Lovell 2005 and 2007, Byrne et al. 2011). 
 
Fuel poverty: Young people as a marginalised group 
 
The spatial and social factors that shape energy use are particularly evident in the case 
of fuel poverty, which has been defined as a situation where a household needs to 
spend more than 10 per cent of its income on all household fuels (before housing 
costs) in order to achieve adequate level of heating service in the home (Boardman, 
1991). The World Health Organisation (WHO) argues that healthy indoor 
temperatures range between 18 and 210 C (WHO, 1987). Research across the world 
has shown that affordability-related domestic energy deprivation is common across 
developed and developing countries alike. For example about a quarter of New 
Zealand households are estimated to be in fuel poverty as a result of the country’s 
history of inadequate housing regulation, which has created a situation whereby 
existing houses are poorly insulated, while rental properties are not required to have 
insulation or heating (Howden-Chapman et al. 2011). 
 
Boardman (2010) argues that ‘raising incomes can lift a household out of poverty, but 
rarely out of fuel poverty’ as the energy inefficiency of the home is the main reason 
for fuel poverty. As a consequence, the home is expensive to heat and so some of the 
poorest people have to buy the most expensive warmth’. Fahmy at al. (2011) point out 
that the spatial distribution of fuel poverty is highly sensitive to the way in which 
household incomes are measured. They argue that regardless of the operational 
definition and measurement approach, households that need to spend more than 10 per 
cent of their income on energy on heating are generally not the same households as 
those in fact reporting difficulty in doing so. 
  
The Warm Homes and Energy Conservation Act, effective November 2000, has 
developed and implemented an unprecedented set of concerted policies for fuel 
poverty reduction, embodied in the 2001 UK Fuel Poverty Strategy. According to this 
document, fuel poverty reduction targets should be achieved by eliminating fuel 
poverty among ‘vulnerable’ households (older persons, sick and disabled households 
and families with children) by 2010, expanding to all households by 2016. Still, as a 
result of increasing energy prices, the proportion of all households experiencing fuel 
poverty has more than doubled over this period (DECC 2010a, 2010b). As a result the 
number of anti fuel poverty initiatives targeting the vulnerable households, such as 
Warm Front and the Winter Fuel Payments, has increased. 
 
The politically highly visible focus on energy deprivation among older people 
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(Wilkinson et al. 2004) has meant that other groups suffering from inadequately warm 
homes have been comparatively neglected in relevant research and policy agendas. 
Young people are not identified as a ‘vulnerable’ group in the UK Fuel Poverty 
Strategy, despite the finding that 10 per cent of households where the oldest person is 
younger than 24 are likely to fall in fuel poverty (BERR, 2004). Students in 
particularly are rarely considered within fuel poverty debates on the grounds that their 
situation is considered only temporary (Baker et al. 2003). This is despite the fact that 
households rental properties – most common among young people - are twice more 
likely to fall in fuel poverty compared to the rest of the population (poverty.org.uk). 
Indeed, a study of university student housing in Dunedin showed that only around 30 
per cent of student residents thought that they were ‘comfortable’ in their homes 
during winter (Howden-Chapman et al. 2011), although the temperatures in 90 per 
cent of the surveyed dwellings were below recommended levels (WHO, 1987). 
 
Despite the argument that students have a low awareness about energy conservation 
and efficiency measures in the home (Clugston and Calder 1999), it has transpired 
they would not necessarily choose to live in cold homes. Members of this 
demographic group often have to make trade offs such as ‘to heat or to eat’ 
(Bhattacharya et al. 2003; Casey et al. 2006). Thermal comfort research also shows 
that the indoor environments preferred by older and younger people do not appear to 
differ among each other (Collins 1980, Howden-Chapman et al. 2011). 
 
Furthermore, a significant body of scholarship attests to the fact that economic 
inequalities among young people at school-leaving age are on the rise, while their 
opportunities for earning an independent income are decreasing (MacDonald, 1997; 
Skelton and Valentine, 1998; Katz 2004). The notion that fuel poverty among young 
people is of a transient nature has been challenged by Healy and Clinch (2004), who 
distinguish among chronic fuel-poor households and occasional sufferers. Their 
research identifies several key risk groups by conducting detailed socio-economic and 
socio-demographic analyses in the Republic of Ireland. According to their study, 
students were among the 42 per cent of fuel-poor households who suffered from long-
term fuel poverty. The two authors’ explanation for this figure is that the chronic fuel 
poverty experience of students might be a result of their modest incomes and, 
consequently, poor accommodation conditions. 
 
Monitoring behaviour and behaviour change: ‘Slanty’ energy efficiency  
 
It is clear that energy efficiency interventions and behaviours within the home are 
crucial to not only reducing energy consumption from an environmental sustainability 
point of view, but also in terms of addressing the difficulties faced by low income 
households. If we take into consideration Piers et al.’s  (2010) suggestion that ‘every 
interaction within the home directly or indirectly involves the use of energy-
consuming devices and systems’ it is hardly surprising that energy related issues are a 
topical research issue within the computer sciences. HCI (Human computer 
interactions) – a research area within informatics that investigates how users, 
designers, and technical systems interact – provides a solid basis for investigating 
energy issues in the computer sciences (Strenfers 2008, Woodruff et al. 2008).  
 
Since 1980s, when the principles of HCI were established, a number of human-
computer interaction methods focusing on the ‘usability’ of computing technologies 
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have emerged. As a result, the role and design of computers has been transformed in 
order to incentivise selected human behaviours. These technologies aim to   
shape users’ attitudes and behaviours in a preferable direction (Pierce et al. 2010).  . 
They have therefore been termed ‘technologies with intent’ (Lockton et al. 2009), 
‘embeded technologies’ and ‘eco-feedback technologies’ (Froehlich et al. 2010). 
Their common objective is to minimise human behavioural flexibility by persuasion, 
while enabling particular human actions and discouraging others (Strengers 2008, 
Woodruff et al. 2008). The basic principles of the persuasive strategies applied in 
these technologies have been described by Fogg (1996), who points out that 
persuasion should be focused on changes in people’s behaviours, rather than their 
attitudes. 
  
Gerdenistch et al.’s suggestion (2011) that energy consumption is abstract and 
invisible and as such has a limited influence on everyday energy consumption 
behaviours  (Piers et al. 2010) opens further venues for the application of persuasive 
technologies; it is believed that they allow energy to become transparent and obvious 
for consumers, while initiating change towards more pro-environmental energy 
attitudes. Gerdenitsch et al. (2011) categorise persuasive energy technologies into two 
groups: i) dedicated ambient devices - highly simulative devices with the ability to 
attract users’ attention by visualising the amount of energy consumption (i.e. Energy 
Puppet, Wattson, Power aware cord, Energy orb) and ii) dedicated software 
programmes for visualising energy consumption (i.e. PowerMeter by Google, Hohm 
by Microsoft, Green Pocket). 
 
The functionality and efficiency of persuasive technologies depends on their success 
in stimulating behavioural change. However, it is argued that a pure technological 
approach towards the reduction of energy use might lead to rebound effects (Midden 
et al. 2007 and 2008). A comprehensive understanding and application of behavioural 
principles thus becomes of crucial necessity in this context. Various persuasive 
strategies have been suggested for a successful and efficient application of the 
persuasive technologies (for further details see Cialdini 2001, Fogg 2003, Oinas-
Kukkonen and Harjumaa 2008). The common principle is to create a personalised 
technology with a simple design, and functions that can provide opportunities for 
social collaboration, comparison and learning. 
 
Fogg’s (2009) theory – which emphasises persuasion should not be aimed towards 
people’s attitudes but rather towards their behaviour – has also been used as a basis in 
designing technologies for the reduction of energy consumption in the home. In 
particular, ‘slanty’ design (Beale 2009) can be seen as an energy-saving technology 
that has a low level of social ‘interpretive flexibility’ (Bijker 1990). Rather than 
assisting behaviour change, these technologies inhibit energy consumption. As such, 
they have been increasingly applied in the residential sector as a means of stimulating 
lower energy use. The adoption of these technologies in everyday practices among 
different demographic groups is still insufficiently known. 
 
Instead of a conclusion: Knowledge gaps and challenges 
 
The pressing global concerns for climate change mitigation and energy security have 
brought the social dimensions of energy production, transport and consumption to the 
fore of academic and policy debates. The uptake of energy-saving technologies at the 
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household scale has been one of the central issues in this regard. The design and use 
of technological innovations, especially persuasive technologies, is crucial for the 
change of excessive energy use. The expectation is that technologies will not only 
‘fix’, but also restrain human behaviour in order to achieve aspired environmental 
wellbeing. 
 
Understanding the grain of the relationships between people, energy efficiency and 
technologies still presents a number of formidable analytical challenges. In particular, 
research of the social and spatial aspects of energy has often failed to grasp the 
technological challenges associated with the movement towards a low-carbon energy 
system (Bulkeley et al 2010). As pointed out by Midden et al  (2008): ‘Despite the 
fact that humans have used technology as long as they have consumed natural 
resources, technology as related to environmental resource use, is often set apart from 
the study of human behaviour and resource conservation’. While the behavioural 
aspects of human-computer interactions are significantly explored under the auspices 
of HCI research, the social and political aspects of the use of ‘slanty’ technologies is 
comparatively marginalised within the relevant body of scholarship.  
 
A number of research questions require further interdisciplinary investigation. One of 
them is under which and whose conditions (technological, psychological, ethical) 
persuasive technologies can change or restrain human behaviour, and to what extent 
the interaction is voluntary (taking into account, for example, that the Icat is a device 
that is able to send subliminal information that trigger behaviour change). It is also 
unclear how one might protect personal information – already treated like a 
commodity by many companies – while enabling social learning and competition 
among community members in order to achieve energy saving objectives at the same 
time. There is also a lack of interdisciplinary methodologies that can help balance the 
monitoring and policing aspects of ‘slanty’ technologies with their practice-orientated 
aspects. 
 
References 
 
Abrahamse, W., A. Wokje, L. Steg, C. Vlek and T. Rothengatter (2005) A review of 

intervention studies aimed at household energy conservation. Journal of 
Environmental Psychology 25, 273-291. 

Beale, R. (2007) Slanty Design. Communications of the ACM 50, 21-24. 
Belyi, A. V. (2003) New dimensions of energy security of the enlarging EU and their 

impact on relations with Russia. European Integration 25, 351–369. 
Bhatt, V., P. Friley and J. Lee (2010) Integrated energy and environmental systems 

analysis methodology for achieving low carbon cities. Journal of Renewable 
and Sustainable Energy 2, 1-19. 

Bradshaw, M. J. and P. Kirkow (1998) The energy crisis in the Russian Far East: 
origins and possible solutions. Europe-Asia Studies 50, 1043-1064. 

Bulkeley, H. and M. M. Betsill (2005) Rethinking sustainable cities: multilevel 
governance and the ‘urban’ politics of climate change. Environmental Politics 
14, 42-63. 

Buzar, S. (2007) Energy poverty in Eastern Europe: Hidden Geographies of 
Deprivation. Ashgate, Aldershot. 

Dell, R. M. and D. A. J. Rand (2001) Energy storage - a key technology for global 
energy sustainability. Journal of Power Sources 100, 2-17. 



 7 

Department of Energy and Climate Change (DECC). (2011). Annual Report on Fuel 
Poverty Statistics 2011. London: Department of Energy and Climate Change 
(DECC). 

Fogg, B. J. (1998) Persuasive computers: perspectives and research directions. . In 
Proceedings of the CHI 1998, ACM Press,  

Froehlich, J., L. Findlater and J. Landay. (2010). The design of eco-feedback 
technology. Paper presented at the 28th International Conference on Human 
Factors in Computing Systems, Atlanta, USA. . 

Gerdenitsch, C., J. Schrammel, W. Reitberger and M. Tscheligi. (2011). Supporting 
Domestic Energy Reduction via Persuasive Technology. Paper presented at the 
21st  International Conference on Electricity Distribution, Frankfurt, 6-9 June. 

Gross, C. (2007) Community perspectives of wind energy in Australia: The 
application of a justice and community fairness framework to increase social 
acceptance. Energy Policy 35, 2727-2736. 

Lehmann, S. (2011) Transforming the city for sustainability: the principles of green 
urbanism. Journal of Green Building 6, 104-113. 

Lutzenhiser, L. (1992) A cultural model of household energy consumption. Energy 
17, 47-60  

Moloney, S., R. E. Horne and J. Fien (2010) Transitioning to low carbon communities 
- from behaviour change to systematic change: lessons from Australia. Energy 
Policy 38, 7614-7623. 

Newell, P. (2009) Climate Change, Human Rights and Corporate Accountability. In 
Humphrey, S. (ed.), Climate Change and Human Rights, Cambridge 
University Press, Cambridge. 

Newell, P. (2011a) The governance of energy finance: the public, the private and the 
hybrid. Global Policy 2, 96-105. 

Newell, P. (2011b). From global power politics to responsible collective governance: 
the transparency and inclusiveness of international climate governance 
institutions and processes. London: Earthscan. 

Norman, J., H. L. MacLean and C. A. Kennedy (2006) Comparing high and low 
residential density: life-cycle analysis of energy use and greenhouse gas 
emissions. Journal of Urban Planning and Development 132, 10-21. 

O’Brien, G. and A. Hope (2010) Localism and energy: negotiating approaches to 
embedding resilience in energy systems. Energy Policy 38, 7550-7558. 

Owens, S. E. (1986) Energy, Planning, and Urban Form. Pion, London. 
Pickett, S. T. A., M. L. Cadenasso and J. M. Grove (2004) Resilient cities: meaning, 

models, and metaphor for integrating the ecological, socio-economic, and 
planning realms. Landscape and Urban Planning 69, 369-384. 

Pierce, J., D. J. Schiano and E. Paulos. (2010). Home, habits, and energy: examining 
domestic interactions and energy consumption. Paper presented at the 28th 
International Conference on Human Factors in Computing Systems, Atlanta, 
USA. 

Romero Lankao, P. (2007) Are we missing the point? Particularities of urbanization, 
sustainability and carbon emissions in Latin American cities. Environment and 
Urbanization 19, 159-175. 

Satterthwaite, D. (2008) Cities’ contribution to global warming: notes on the 
allocation of greenhouse gas emissions. Environment and Urbanization 20, 
539-549. 

Satterthwaite, D. (2011) How urban societies can adapt to resource shortage and 
climate change. Philosophical Transactions of the Royal Society 369, 1762-



 8 

1783. 
Seyfang, G. (2010) Community action for sustainable housing: building a low-carbon 

future. Energy Policy 38, 7624-7633. 
Steemers, K. (2003) Energy and the city: density, buildings and transport. Energy and 

Buildings 35, 3-14. 
van Dam, S. S., C. A. Bakker and J. D. M. van Hal (2010) Home energy monitors: 

impact over the medium-term. Building Research and Information 38, 458-
469. 

Vassileva, I., F. Wallin and E. Dahlquist (2012) Analytical comparison between 
electricity consumption and behavioral characteristics of Swedish households 
in rented apartments. Applied Energy 90, 182-188. 

Wheeler, S. (2009) Regions, megaregions, and sustainability. Regional Studies 43, 
863-876. 

Williams, J. (2010) The deployment of decentralised energy systems as part of the 
housing growth programme in the UK. Energy Policy 38, 7604-7613. 

Williams, K., J. L. R. Joynt and D. Hopkins (2010) Adapting to climate change in the 
compact city: the suburban challenge. Built Environment 36, 105-115. 

 


