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Abstract 

 

Recent and forthcoming amendments to the Building Regulations in England and Wales will 

necessitate an increasing reliance on low and zero carbon (LZC) energy technologies in new 

homes to meet tougher carbon dioxide (CO2) emission standards; this will impact on those that 

design, build, regulate and live in new homes. Given the shifts in domestic energy technology 

configurations that will be encountered, it is prudent to consider how interactions between 

householders and LZC technology develop, as this will influence the success of this shift in 

terms of CO2 reductions achieved. This is the objective of this thesis. 

An early test-bed for the accelerated introduction of LZC technology into new homes is 

provided by certain local authorities that have adopted innovative planning policies. One such 

local authority was selected as the study area for this research, in which a borough-wide 

survey of new home occupants was undertaken, followed by semi-structured householder 

interviews.  

Using methodological and theoretical perspectives from science and technology studies, the 

research finds that LZC technology-householder associations are influenced by a myriad of 

factors (including structural, technological, experiential, social and institutional ones) and that 

their development should be viewed as an on-going process open to influence and change. The 

thesis concludes that the range of interactions observed between householders and their LZC 

technologies, together with the high prevalence of faulty installations, signifies that the change 

envisaged and driven by local policy-makers (in terms of projected CO2 reductions) is only 

partially underway. More specifically, the thesis’s original contributions include advances in 

current knowledge relating to, firstly, how householders engage with feedback associated with 

LZC technology; secondly, the extent of interactions between LZC technology-users within 

developments; thirdly, the extent of maintenance and repair processes and how these shape 

householders and technology; and, fourthly, the gendered nature of LZC technology-

householder associations. 
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Chapter 1: Introduction 

1.1 Why undertake this research? 

In this thesis, I examine how and why householders in new homes come to engage with pre-

installed low and zero carbon (LZC) technology1 as they do. I attend to how the technology is 

operated, maintained, repaired, regarded and talked about, and how the technology’s 

presence influences householders’ daily routines. Why then is this research of relevance? A 

major reason to study these technology-householder associations is that their prevalence is set 

to rise (Planning and Climate Change Coalition, 2012) as developers strive to meet increasingly 

stringent building legislation in England and Wales (UK Government, 2012). This legislative 

change aims to reduce CO2 emissions associated with household energy consumption, 

constituting one of many measures being taken to reduce greenhouse gas emissions linked to 

climate change (IPCC, 2007).  

The accelerated uptake of LZC technology, leading up to 2016 and beyond, will impact on 

those that design, build, regulate and live in new homes. Although I focus on the latter, these 

occupants’ experiences will be influenced by those that design and build new dwellings, and by 

those that regulate this process. Whether LZC technology-householder associations deliver the 

envisaged CO2 emission reductions will depend to varying degrees (dependent on technology 

type) on how the technology comes to be installed, used and maintained, and this research 

advances current knowledge on this.  

Published research on LZC technology-householder associations is based mainly on retrofitted 

installations, or on new developments built to high environmental and/or nearly zero-energy 

standards (see Chapter 3). Such new housing is unrepresentative of mainstream new housing 

fitted with LZC technology. Absent from the research literature are studies founded on 

mainstream new housing spread throughout the geographical area of a local authority in the 

UK context, and one in which most new developments over recent years have already had LZC 

technology installed (to meet local planning policy). I have selected to research such an area as 

it constitutes an early test-bed for the accelerated introduction of LZC technology.  

Undertaking borough-wide research has generated insights into the breadth of issues that 

emanate from incorporating a range of LZC technology into various dwelling types with 

different tenure arrangements and household compositions. As I make evident through this 

                                                             
1 Defined in Table 2.1 
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research, LZC technology-householder associations are influenced by a myriad of (structural, 

technological, experiential, social and institutional) factors and their development should be 

viewed as an on-going process open to influence and change. The research finds there are 

many shaping determinants for these associations, such as technological placements, faulty 

installations, processes of repair, interactions with feedback, degrees of understanding and 

conversations. One conclusion drawn is that the change envisaged and driven by policy-makers 

is only partially underway and the potential quantity of lower carbon energy that these 

technologies could be delivering (if the quality of the installation was faultless and the 

technology was optimally operated and maintained) has yet to be realised in many cases. 

 

1.2 A summary of research aims 

Through the literature review in Chapters 3 and 4, I derive a set of research questions to 

address which will advance understandings of LZC technology-householder associations. These 

research questions, detailed in Section 4.4, are summarised below: 

 To what degree is LZC technology actively appropriated as part of the sales/renting 

process and what are householders’ perceptions of the advice imparted on the 

technology when moving in? 

 How are users shaped by the technology’s placement, settings and feedback? 

 What is the prevalence and impact of faulty installations and maintenance processes?  

 How do householders regard LZC technology and does it slot into existing gendered 

patterns of everyday life? 

 To what extent do neighbours provide LZC technology-related support to each other 

and what role do Residents’ Associations play in facilitating information exchange?  

 What trials (experiences, interactions or receipt of new knowledge) trigger 

householders to shift and re-stabilise their socio-technical relations as part of the on-

going domestication of LZC technology? 

 

1.3 Structure of the thesis 

This thesis is comprised of ten chapters. Following this introduction, Chapter 2 links the 

research agenda to current efforts being undertaken to reduce greenhouse gas emissions. In 
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progressing from the international to the household scale, global climate change concerns are 

linked to the specific measure of introducing LZC technology. I provide an account of why LZC 

technology is set to become commonplace in new dwellings in the UK and thereby justify the 

rationale for researching associations between householders and such technology. Chapter 2 

also explains why certain local authority areas provide a useful test-bed for studying outcomes 

from the widespread introduction of LZC technology. 

Having set the rationale for undertaking research in this field, I proceed in Chapter 3 to review 

the theoretical and empirical academic research (and grey literature) which contributes to 

current understandings of how householders come to use, regard, interact with and be 

influenced by LZC technology.  I identify various knowledge-gaps that have informed the 

formulation of pertinent research questions. In addition to contributing to the extant 

literature, gaining further insights into how and why householders interact with LZC 

technology provides opportunities for policy-makers, developers and designers to appraise 

how they might intervene to improve the design, installation and use of these technologies to 

deliver enhanced CO2 reductions. 

In Chapter 4, I discuss the theoretical and methodological sources that have guided the 

research. Studying the ways in which technologies are used and their influence on users 

requires a consideration of relations that span across the social and technical realms. A socio-

technical approach well-suited to such considerations is the technology studies version of 

domestication theory (Sørensen, 2006). This approach, which guided the research, 

incorporates aspects of actor-network theory (ANT) (Latour, 2005) into domestication theory 

(Sørensen, 2006; Silverstone, 2006). The final phase of fieldwork was to involve an action 

research mode of inquiry which sought to facilitate a desired change to the situation under 

study. The chapter contributes to the derivation of the research questions guiding this study, 

and these are summarised at the end of the chapter. 

In Chapter 5, I describe and justify the research strategy adopted, the three constituent phases 

of fieldwork, and the research methods used. The planned research phases comprised, 

sequentially, a borough-wide survey for new home occupants, semi-structured householder 

interviews and the creation of a householder support network (the intended action research 

component). I detail how the collated research data was analysed and I finish the chapter with 

a description of the research participants and their LZC technologies.  
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In the next four chapters, I present and discuss the research findings, addressing the various 

research questions. In Chapter 6, I describe and appraise aspects of the embryonic technology-

householder association, encompassing the degree to which LZC technology is actively 

appropriated by householders; the level of documentation and verbal instructions provided by 

housing industry representatives; and the level of knowledge imparted by departing residents 

to newcomers. I proceed in Chapter 7 to describe and appraise how householders come to 

use, regard and interact with their technology and to identify key determinants responsible for 

the progressive shaping of LZC technology-householder associations. I pay particular attention 

to how householders are influenced by the technology’s placement and settings, and how 

feedback from the technology engages householders and shapes perceptions and actions.  

Chapter 8 describes the extent to which LZC technology is maintained and repaired and 

establishes reasons for this. I also consider the ways in which householders and technologies 

are shaped by repair and maintenance processes. In Chapter 9, I explore the extent to which 

LZC technology is discussed and how it is viewed, focusing on technology-related discussions 

within homes, within developments and beyond, and the meanings householders ascribe to 

their technology. 

Finally, in Chapter 10, I draw together the research findings and generate a more integrated 

account of the domestication processes at play between householders and LZC technologies 

from a socio-technical perspective. I establish the significance of the research by highlighting 

how it advances current knowledge through generating (1) an improved appreciation of the 

degree to which LZC-technology is actively appropriated by households during the 

sales/renting process; (2) a deeper understanding of how the (in)actions of housing industry 

representatives may not facilitate, and may actively hinder, the development of effective LZC 

technology-householder associations; (3) an insight into the extent of technology-related 

information-transfer between successive occupants; (4) a broader understanding (covering 

several technology types) of how the ways in which LZC technology is physically embedded in 

the home influences the extent and nature of householders’ interactions with it; (5) a 

substantive contribution in describing the gendered nature of LZC technology-householder 

associations; (6) a more nuanced understanding of the ways in which the processes of 

maintenance and repair shape both householders and LZC technology; (7) a more analytical 

evaluation of householders’ engagement with sensory and formal forms of feedback 

associated with LZC technology; and (8) a substantive contribution in, firstly, describing the 

extent and nature of interactions between LZC technology-users within developments and, 
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secondly, identifying the degree of involvement of Residents’ Associations and Management 

Committees in LZC technology-related matters. I reflect upon the main research findings in 

order to examine their consequences. 

I also detail in this last chapter how recommendations from the research came to be adopted 

by the local authority and I explore the factors that may have enabled this to occur. I conclude 

with suggestions for future research in this field. 
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Chapter 2: Setting the context and rationale for the research 

2.1 Introduction 

In this chapter, I explain why LZC technologies are set to become commonplace in new homes 

in the UK and why, therefore, researching associations between householders and such 

technology is of relevance. The main driving force behind the incorporation of LZC technology, 

via planning policy and legal instruments, is human-induced climate change (Eadson, 2012). 

The technology is also perceived as providing a degree of protection against fuel poverty (EST, 

2011a) and energy insecurities, caused by disruptions to energy supplies, unnecessary price 

fluctuations and over-dependence on geopolitically sensitive sources2 (DECC, 2009b; DECC, 

2011b; Pyrko & Darby, 2011).  

In progressing from the international to the household scale, the chapter provides linkages 

between global concerns on climate change; national targets to reduce greenhouse gas 

emissions; the housing sector’s contribution to such emissions; and the specific measure of 

introducing LZC technology, underlining the ‘complex governance processes required to 

translate global commitments into national and local actions’ (Bailey, 2008, p. 421). The last 

section explains why certain UK local authority areas provide a useful test-bed for studying the 

outcomes associated with equipping new homes with LZC technology. 

 

2.2 International & national targets 

2.2.1 Climate change concerns 

Human-induced climate change is linked to the underlying enhancement of the greenhouse 

effect through human activities. This effect arises from the absorption of thermal infra-red 

radiation by specific gases, termed greenhouse gases. This radiation is emitted from the 

Earth’s surface, atmosphere and clouds (arising from the re-radiation of incoming solar 

radiation) and its absorption is correlated with an increased temperature within the lower 

atmosphere (IPCC, 2013a). As greenhouse gas concentrations have risen due to human 

activities (a pre-industrial (1750) global CO2 concentration of 278ppm rose to 391ppm by 2011 

(IPCC, 2013b)), the global mean surface temperature has also risen (by 0.850C between 1880 

and 2012 (IPCC, 2013b)). With projected increases in greenhouse gas emissions, surface 

                                                             
2 As discussed more widely by human geographers such as Bradshaw (2010). 
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temperatures are predicted to increase further to varying degrees, dependent on the scenarios 

modelled (IPCC, 2013b).  The future impacts of global warming are uncertain and differ across 

the Earth. In the UK, there has already been a rise in sea level (DECC, 2013b), an earlier 

beginning to spring (DECC, 2013c), a 1OC higher annual mean surface temperature (DECC, 

2013d) and observable impacts on ecosystems (Defra, 2007).  

Perceptions of human-induced climate change have progressed from a possible, to a probable 

and on to a scientifically endorsed footing over the last 50 years. In the 1970s, climatologists 

observed that the Earth’s surface temperature was rising and that this tied in with increasing 

atmospheric CO2 concentrations. To better understand this, the United Nations Environment 

Programme and World Meteorological Organisation established the Intergovernmental Panel 

on Climate Change (IPCC) in 1988. The IPCC has since issued five assessment reports on the 

state of scientific knowledge to guide policy-makers’ efforts to address climate change (IPCC, 

2013c).  In its fifth report, the IPCC states it is ‘extremely likely3 that human influence has been 

the dominant cause of the observed warming’ (IPCC, 2013b, p. 17).4 

 

2.2.2 International & national targets to reduce greenhouse gas emissions 

One major effort to address climate change was launched at the Rio Earth Summit in 1992 with 

the adoption of the United Nations Framework Convention on Climate Change (UNFCCC), 

which aims to stabilise greenhouse gas concentrations ‘at a level that would prevent 

dangerous anthropogenic interference with the climate system’ (UNFCCC, 1992, p. 9).5 The 

Kyoto Protocol was created to drive efforts to meet this objective, specifying individual 

mandatory greenhouse gas emission targets for the European Union (EU) and 37 other 

developed countries (UNFCCC, 1998). The 2008-2012 EU target required that average 

emissions be 8% less than in 1990 (UNFCCC, 1998), with the UK-assigned reduction target 

being 12.5%. A 2013 compliance update established the UK had achieved a 26.7% reduction by 

2012 (DECC, 2013e). In December 2012, with the time frame for the first commitment under 

the Protocol ending, an amendment was adopted wherein the EU offered to work towards a 

30% reduction in emissions by 2020 (based on 1990 baseline emissions), on the condition that 

‘other developed countries commit themselves to comparable emission reductions and 

                                                             
3 95-100% probability (IPCC, 2013b) 
4 In 2008, 20% of a surveyed sample of the UK public still considered climate change unrelated to human 
activities (Whitmarsh, 2011), and a higher proportion were uncertain about this. 
5 Bulkeley & Newell (2010, p.28) note that ‘defining what counts as “dangerous” is a political act, a 
judgement about risk’. 
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developing countries contribute adequately according to their responsibilities and respective 

capabilities’ (UNFCCC, 2012, p. 3).  

Alongside these international initiatives6, the UK Government is legally bound to various 

European Directives. Of particular relevance to LZC technology in new developments are the 

Energy Performance of Buildings Directive (EPBD) (European Parliament, 2010b) and the 

Renewable Energy Directive (European Parliament, 2009). The latter requires renewable 

energy technology to increasingly contribute to meeting UK energy demands, rising from a 

1.3% contribution in 2005 to 15% by 2020. Within the residential sector, LZC technology is 

predicted to meet 4% of energy demand by 2020 (DECC, 2010a).   

The EPBD is the main EU legal instrument designed to lower energy consumption from new 

buildings (European Parliament, 2010b; Ekins & Lees, 2008), requiring them to be ‘nearly zero-

energy’ by 2020 (Article 9) through achieving high energy performance standards7; a building’s 

residual energy demand will need to be provided to a ‘very significant extent’ by renewable 

energy sources (Article 9). 

These and other directives have necessitated the development of national targets and 

legislation to help achieve compliance (UK Government, 2012; DECC, 2010a; Lockwood, 2013).  

The UK was the first to set national, self-imposed reduction targets for greenhouse gas 

emissions (DECC, 2009a; Owens, 2010)8 and these are enshrined within the Climate Change 

Act 2008 (UK Government, 2008; Bulkeley, Hodson, & Marvin, 2012). This requires an 80% 

reduction in emissions by 2050, using a 1990 or 1995 baseline (dependent on the gas); there 

are interim targets of 34% by 2020 (UK Government, 2009a) and 50% by 2025 (House of 

Commons Library, 2011). To meet these targets, a range of measures will need implementing 

across a multitude of sectors, including housing and energy generation. Bailey et al. (2011, 

p.685) assert that the imposition of such targets has become ‘politically viable’ through a 

combination of factors, including our technological ability to reduce emissions9, the economic 

case for reducing emissions sooner rather than later, and the additional benefits that might 

accrue from measures undertaken. 

                                                             
6 As supplemented by a host of transnational governance initiatives (e.g. ICLEI: Cities for Climate 
Protection) (Bulkeley, Hodson, & Marvin, 2012). 
7 The Energy Efficiency Directive 2012/27/EU also acts as a potential driving force for improvements in 
building energy-efficiency via a 20% EU reduction target in primary energy consumption by 2020. 
8 As advocated by the Royal Commission on Environmental Pollution (RCEP) in 2000 (Lovell, Bulkeley, & 
Owens, 2009). 
9 The emphasis on technology-based solutions to tackling climate change is reflective of the ‘ecologically 
modern’ approach being followed (Lovell, 2008, p. 623). 
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To drive and inform progress against these targets, the Climate Change Act 2008 requires that 

carbon budgets be set and reported against for a series of 5-year periods, commencing with 

2008-2012. The first four carbon budgets translate into cumulative greenhouse gas emission 

reductions of 23%, 29%, 35% and 50% (DECC, 2011a; House of Commons Library, 2011) and 

the Carbon Plan outlines the envisaged reduction strategies (DECC, 2011a) necessary for the 

UK to adhere to the pace of transitioning to these lower carbon futures10. The impact of 

implemented measures on emissions is calculated annually (UK Government, 2009b) and with 

a 24.8% reduction reported in 2012, the first carbon budget has been met (DECC, 2014a).  

Measures undertaken to promote compliance with the Renewable Energy Directive target are 

outlined in the UK Renewable Energy Roadmap (DECC, 2011c), as updated (DECC, 2013g). For 

England, these measures include the Renewables Obligation and Feed-in Tariffs (FITs) (which 

address renewable electricity generation), and the Renewable Heat Incentive (RHI) and 

Renewable Heat Premium Payment (RHPP) (which address renewable heat generation). The 

Microgeneration Strategy (DECC, 2011b) provides further details on the promotion of 

household renewable energy, including actions to improve the quality of installations (via the 

Microgeneration Certification Scheme11 (MCS) and the raised competence of installers); to 

improve the accuracy of the predictive modelling used to assess the contribution that these 

technologies make to energy provision (via amendments to the Standard Assessment 

Procedure (SAP)); and to promote the durability of relevant technologies (via manufacturer 

and workmanship warranties, for example). Another significant measure promoting renewable 

energy generation (mainly at the ‘micro’ but potentially also at the ‘meso’ scale (Walker & 

Cass, 2007, p. 460)) is the series of scheduled amendments to the Building Regulations, which 

will require ‘zero-carbon’ homes to be built from 2016 (Greenwood, 2012; Pickvance, 2012; 

Goodchild & Walshaw, 2011; McLeod, Hopfe, & Rezgui, 2012; DECC, 2013f). The Building 

Regulations (returned to in Section 2.3) set out the energy performance standards that need to 

be met by new buildings.12 Before discussing the zero-carbon homes concept, I provide an 

outline of the greenhouse gas emissions associated with the residential sector.   

 

 

                                                             
10 See Brown et al. (2012) for a theoretical perspective on transitions. 
11 The MCS is a quality assurance scheme for LZC technology certification (MCS, 2014). 
12 Rydin & Turcu (2014) present an informative review of UK policies pertaining to low-energy buildings 
over the last 20 years. 
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2.2.3 UK housing sector emissions 

Recent trends  

Within the UK, CO2 accounted for 83% of greenhouse gas emissions in 2011 (DECC, 2013h) and 

is primarily generated via fossil fuel combustion (coal, natural gas and oil), occurring mainly 

within the energy supply and transportation sectors (DECC, 2013h). The residential sector 

constitutes a major consumer of fossil-fuel derived energy and accounted for 29% of UK CO2 

emissions (and 25% of greenhouse gas emissions) in 2012 (DECC, 2014b), based only on day-

to-day household activities (excluding emissions associated with construction activities, for 

example).  

In absolute terms, greenhouse gas emissions from the residential sector declined 14% 

between 1990 and 2012 but, over the same period, its relative contribution to total emissions 

rose from 22% to 25% (DECC, 2014b); this significant contribution highlights why tackling 

household energy consumption is key to meeting greenhouse gas emission reduction targets 

(DCLG, 2011; DECC, 2011b; DECC, 2013i). Much of such consumption delivers space heating 

(60% in 2011 (DECC, 2012a)) (Figure 2.1). As illustrated in Figure 2.2, energy consumption for 

water heating has steadily decreased; energy consumption for space heating has shown high 

variability; and energy consumed by lighting and appliances has steadily increased, driven 

mainly by home computing and consumer electronics (DECC, 2012d). 

 

Figure 2.1 Domestic energy consumption by end-use in 2010 and 2011 (Source: DECC, 2012d) 
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Figure 2.2 Trends in domestic energy consumption by end-use (1990-2011) (Source: DECC, 2012d)  

 

 

Figure 2.3. Trends in population size, household numbers and domestic energy usage (1990-2011) 

(Source: DECC, 2012d)  

The residential sector’s emission reductions (DECC, 2014b) have occurred despite a growth in 

population and household numbers (Figure 2.3), and Figure 2.4 illustrates the general 

downward trend in average household energy consumption since 2004. In terms of the 

potential contribution of behavioural change to this observed decrease, a survey of energy-

consuming behaviours found that over the 2007-2009 period the proportion of householders 
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Figure 2.4. Trends in household energy intensity, domestic energy usage and external temperatures 

(1990-2011) (Source: DECC, 2012d)  

who perceived they were reducing energy consumption rose from 58% to 76% (Defra, 2009). 

Associated actions reported included confining volumes boiled in kettles to that required, 

reducing thermostat settings and washing clothes at reduced temperatures (Defra, 2009). 

Research into factors that influence household energy-consuming behaviours is receiving 

increased attention from the social sciences (see, for example, Bartiaux, 2008; Dobbyn & 

Thomas, 2005; Georg, 1999; Gibson, et al., 2011; Gill, et al., 2010; Gyberg & Palm, 2009; 

Hargreaves, et al., 2013; Keirstead, 2007; Nye, et al., 2010; Owens & Driffil, 2008; Palm, 2010; 

Pyrko & Darby, 2011; Reid & Houston, 2013; Shove, 2003; Sorrell, 2009; Stephenson, et al., 

2010; Wilhite, 2007; Wilson & Dowlatabadi, 2007; Wrapson & Devine-Wright, 2014) and 

pertinent aspects of such research is drawn upon in subsequent chapters. 

Before 1981, the energy performance of new dwellings was ‘essentially unregulated’ (Clarke, 

2008, p. 4606). Subsequently, energy performance standards have become increasingly 

challenging via the periodically updated Building Regulations (UK Government, 2010), the Code 

for Sustainable Homes (CSH) standard (DCLG, 2010) (as applied to social housing and to 

developments in certain planning authorities, for example), and via local planning policies that 

stipulate low carbon and renewable energy targets for new developments (see Section 2.4)13. 

Additionally, a series of Governmental schemes have sought to reduce energy demands within 

existing homes (DECC, 2010b) via the promotion of greater energy efficiency (recent examples 

                                                             
13 Refer to Rydin (2010a) for a discussion on the impact of these changes on the development control 
and building control functions within local authorities. 
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being the Green Deal (DECC, 2012b; EST, 2013b) and Green Deal Home Improvement Fund 

(DECC, 2014c)), and via the promotion of on-site decarbonised energy generation (via the FIT 

(Ofgem, 2012) and the RHPP (EST, 2013a), for example). 

Household energy demand is driven by the level of comfort (such as indoor temperature) and 

services that occupants strive for, as influenced by factors such as fuel affordability (Wright, 

2008).  The energy needed to attain desired standards will be determined by factors such as 

the building’s location, orientation and built form; the installed energy-consuming equipment; 

and the occupant’s behavior (for example, are windows left open whilst the heating is on) 

(Wright, 2008; DECC, 2013i). The occupant’s role is influential at each of three stages: setting 

the standards of comfort and services expected; determining, through purchase, the energy-

efficiency and number of appliances and lighting; and running the household (energy-wasteful 

versus energy-saving behaviours).   

As regards future CO2 emissions from the housing sector, both household numbers and 

emissions per household are relevant; the latter is turned to next. 

Measures to reduce household emissions 

Factors that will continue to contribute to lowering household energy consumption include 

improvements to the energy-efficiency of domestic appliances, lighting, heating systems and 

other electrical devices, and improvements to the thermal performance of building structures. 

Certain improvements have been required or promoted by regulations which have, for 

example, driven the development and uptake of more energy-efficient products (such as via 

the energy-labelling of domestic appliances and lighting (European Parliament, 2010a)) and 

the construction of dwellings designed to comply with higher energy performance standards. 

Future revisions to the Building Regulations will raise further the energy performance 

standards for new dwellings by 2016.  

Another contributing factor has been the development of the CSH, a building code that has 

promoted sustainable design and construction. Introduced in 2007, the CSH has driven 

improvements in the energy performance of dwellings beyond Building Regulation 

requirements. The extent of its adoption has differed between regions and planning 

authorities and also between development types (as determined, for example, by the size of 

the development and whether the build is public or private sector). Achieving a specified level 

under the CSH (initially Level 3) has been required for social housing developments in England 

since 2007 (Housing Corporation, 2007) and Northern Ireland since 2008; within all residential 
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developments in Wales since 2010 (and multi-unit developments since 2009) (Welsh 

Government, 2012); and within certain English planning authorities for specified sizes of 

development (with varying introduction dates). The recently published Housing Standards 

Review, however, signalled that the CSH may have a limited life as efforts are made to 

streamline the building process (DCLG, 2014a) and this has now been confirmed by the 

Government  (DCLG, 2014b). 

The progressive decarbonisation of household energy sources has also promoted emission 

reductions. Between the early 1990s and 2011, the natural gas proportion in the fuel mix 

powering UK electricity generators increased dramatically, mainly at the expense of coal 

(DECC, 2013i). As natural gas combustion has a lower CO2 emission factor than coal or oil, this 

shift lowered CO2 emissions per unit of electricity generated. In 2012, however, the world price 

for coal decreased and consequently UK coal usage increased; its combustion now contributes 

to 44% of generated electricity (DECC, 2013i). Additionally, CO2 savings have been achieved 

through a reduction in electricity transmission and distribution losses that occur between the 

points of generation and consumption (Defra, 2012). Between 1990 and 2009, the combined 

effect of these trends has been a significant decrease in the CO2 emission factor for mains 

electricity, declining from 0.766 kg CO2/kWh to 0.517 kg CO2/kWh (BRE, 2010). This 

decarbonisation trend was set to continue in the coming decade through the increased 

generation of electricity from renewable sources (DECC, 2011c) and a projected continued 

reduction in reliance on coal (BRE, 2011); however, the increased reliance on coal observed in 

2012 is counter to these projections and may lead to revisions for the proposed CO2e emission 

factor of 0.463 kg CO2e/kWh for the 2016-2018 period (BRE, 2011).  

Additionally, the renewable contribution to UK electricity generation rose to 11.3% in 2012 

(DECC, 2013a) and is envisaged as potentially rising to 30% by 2020 (DECC, 2010a).14 As well as 

larger scale installations, the decarbonisation of household energy sources is also being 

promoted through the deployment of on-site low carbon and renewable energy technologies 

(DECC, 2012c; DECC, 2013i), such as photovoltaics (PV), solar thermal hot water (STHW) 

systems and air source heat pumps (ASHPs), which are expected to become more prevalent 

through forthcoming upgrades to the regulatory building standards (Planning & Climate 

Change Coalition, 2012). These technologies (as listed in Table 2.1) are referred to in this thesis 

                                                             
14 This percentage incorporates a 2% input from small-scale electricity sources such as on-site 
photovoltaics (PV).  

 



 

 

[28] 

 

as low and zero-carbon (LZC) technologies. The factors which influence how householders use, 

regard, and interact with these technologies are the focus of this research (as expanded upon 

in Chapter 3). 

An additional factor that has the potential to contribute to reducing emissions is the adoption 

of less energy-intensive behaviours (Gram-Hanssen, 2013) and there has been a series of 

Governmental interventions aimed at lowering individuals’ carbon footprints through such 

behavioural shifts. Such interventions range from non-regulatory and non-fiscal measures 

(such as the ‘Act on CO2’ (Directgov, 2010) and ‘Stand up to climate change’ (Defra, 2008) 

multi-media information campaigns), through to fiscal measures (such as the FIT and the 

Green Deal) and regulation. Behaviours are understood as being shaped by a myriad of factors 

 Heat output Electrical output 

Zero carbon generation15 

 

Low carbon generation16 

Solar thermal hot water 
(STHW) (photovoltaic pump 
or thermosyphon) 

Solar thermal hot water 
(STHW) 

Biomass 

Heat pumps (air source heat 
pump (ASHP), ground source 
heat pump (GSHP)) 

District heating 

Solar photovoltaic (PV) 

Wind 

Micro-hydro 

 

 

Micro or community combined heat and power (CHP) 

Energy efficiency Mechanical ventilation and 
heat recovery (MVHR) 

Passive flue gas heat recovery 
device 

 

Table 2.1 Low and zero-carbon (LZC) technologies (EST, 2010a) 

                                                             
15 Zero-carbon technologies are powered purely by renewable energy (such as solar and wind energy). 
16 Low carbon technologies include those that depend mainly on renewable energy to generate heat 
and/or electricity, whilst still requiring a certain amount of fossil-fuel derived energy to run key 
components (such as STHW pumps). They also encompass technologies that are reliant on fossil-fuels 
for their operation but, as they are significantly more efficient than conventional technologies, their 
associated CO2 emissions per unit of power is correspondingly lower (such as with CHP). LZC 
technologies additionally include systems which extract and re-use the heat contained in indoor air 
(such as MVHR systems). 
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such as knowledge, habits, structural conditions, psychological traits and socio-demographic 

aspects (POST, 2010), and any attempt to change the nature and pattern of people’s day-to-

day activities is therefore a complex and uncertain undertaking, whose success may be hard to 

forecast or directly measure. One approach favoured by certain behavioural economists is 

libertarian paternalism (Gill & Gill, 2012), where individuals are nudged into making decisions 

that are beneficial to them and/or society (‘social nudges’ (Thaler & Sunstein, 2009, p. 75)), 

whilst retaining a freedom of choice in the given situation. 

Projections of household CO2 emissions 

Projections indicate a 25% reduction in CO2 emissions from the household sector between 

1990 and 2020, given all the policy and legislative measures to be implemented (Climate 

Change Committee, 2008), and the reductions achieved to date are in line with this indicator 

trajectory (Climate Change Committee, 2012). In accounting for these projected emission 

reductions, a major contributing measure is identified as the sequential amendments that 

have and are scheduled to be made to the Building Regulations (DECC, 2011a), which are 

turned to next.  

 

2.3 National legislation pertaining to housing standards 

2.3.1 Incremental changes towards zero-carbon 2016 

Forthcoming amendments to the Building Regulations will necessitate an increasing reliance 

on LZC technology to meet tougher CO2 emission standards (Planning & Climate Change 

Coalition, 2012). It has previously been stated that the UK climate change policy goals provided 

‘an insufficiently clear basis for developing concrete short- and medium-term policies for the 

housing sector’ (Lowe & Oreszczyn, 2008, p. 4476). This deficiency looked set to be addressed 

back in 2006 by the Government’s target of requiring zero-carbon new homes by 2016 (DECC, 

2010b), but the definition of what this constitutes has not held firm (McLeod, Hopfe, & Rezgui, 

2012).  

In order to attain this zero-carbon target, the stringency of the Building Regulations was raised 

in 2010 (UK Government, 2010) and 2013 (through revisions to Part L1a (HM Government, 

2013)) and is being raised again in 2016. However, the extent to which the energy 

performance standard is actually being raised is now markedly lower than initially proposed 
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(McLeod, Hopfe, & Rezgui, 2012). In order to appreciate how this concept has become 

redefined, a brief overview of the salient points is provided in the following paragraphs. 

At the outset, the zero-carbon home definition was that provided in the CSH’s 2007 Technical 

Guide, wherein a ‘true zero carbon dwelling’ had zero net CO2 emissions arising from all the 

dwelling’s energy usage (DCLG, 2007a, p. 31). Whereas the Building Regulations have hitherto 

only regulated that portion of CO2 emissions calculated to arise from fixed building services 

(which encompass space heating, water heating, fixed internal and external lighting, air 

conditioning and mechanical ventilation (HM Government, 2010)), known as regulated 

emissions, the ‘true zero carbon dwelling’ definition (DCLG, 2007a, p. 31) covered both 

regulated and unregulated17 emissions (Greenwood, 2012). The latter pertains to any energy-

consuming device not defined as a fixed building service, which encompasses movable lights, 

wet and cold appliances, cooking appliances and consumer electronics, for example.  

In order to achieve zero net CO2 emissions, a ‘true zero carbon dwelling’ (DCLG, 2007a) was 

initially allowed to make use of on-site LZC technology, off-site LZC technology (which were 

directly connected with the dwelling by a private wire arrangement) or accredited external 

renewables. This latter option was removed in October 2007 (DCLG, 2007b) to make the 

definition of a CSH zero-carbon home correspond with that issued by the Treasury (UK 

Government, 2007) for use by its stamp duty land tax relief scheme for zero-carbon homes 

(Pickvance, 2009; Bergman, et al., 2009).  

Since October 2007, amendments to the zero-carbon home definition that will apply to the 

Building Regulations in 2016 have led to a progressive weakening of its requirements in terms 

of its coverage (WWF-UK, 2011; Greenwood, 2012; Pickvance, 2012; Goodchild & Walshaw, 

2011) and in terms of what it allows as off-site solutions. The definition now excludes any 

account of unregulated CO2 emissions18 (NHBC Foundation, 2012b; BIS, 2011) and it will also 

allow a range of off-site measures to assist with the off-setting of regulated CO2 emissions; the 

range of acceptable off-site measures, or allowable solutions, is still undetermined (DCLG, 

2013). The Government’s justification for this weakening of requirements is to ensure that ‘it 

remains viable to build new homes’ (BIS, 2011, p. 117); as Rydin (2010b, p. 83) notes, the 

protracted process of defining zero-carbon homes has been ‘inherently political’, and the 

                                                             
17 The method currently stipulated for the estimation of unregulated emissions (DCLG, 2007b) employs a 
formula where the input variables are the total floor area of the dwelling and the number of occupants 
(as derived from the total floor area). 
18 Estimated in one study as accounting for 37-45% of household CO2 emissions (Gill, et al.,2011). 
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Government has retreated ‘to a more conservative approach’, as warned against by the 

Calcutt Review (DCLG, 2007d, p. 89). 

As it stands at present, a new dwelling coming under the Building Regulations from 2016 will 

need to meet a set fabric energy efficiency standard (relating to the thermal performance of 

the building envelope) and a carbon compliance target (whereby a set proportion of the 

regulated CO2 emissions are off-set either by on-site LZC technology, connected off-site 

technology such as district heating, or by further improvements to the level of fabric energy 

efficiency achieved19) (Zero Carbon Hub, 2012b; McLeod, Hopfe, & Rezgui, 2012). The 

proportion of regulated CO2 emissions that remain unabated after the carbon compliance 

target has been met can then be off-set by allowable solutions20. Despite the reduced 

stringency of the zero-carbon definition that now prevails, it is envisaged that new dwellings 

built beyond 2016 will, in the majority of cases, still be designed to incorporate on-site LZC 

technology and off-site technology such as district heating, in order to meet the carbon 

compliance target. 

 

2.3.2 Issues with accelerated introduction of new technology 

Prior to the 2010 revisions to the Building Regulations, the requirement to meet the Target 

Emission Rate for a dwelling (that is, the maximum CO2 emission rate (expressed in kg CO2 per 

m2 per annum) permitted by the Regulations for any given building design) was unlikely to 

necessitate the inclusion of LZC technology (EST, 2006b). The targets were able to be met by 

reducing the thermal losses from the dwelling by improving, for example, the insulating 

properties of the building envelope and reducing air permeability rates (EST, 2006b). However, 

house-builders may increasingly turn to LZC technology to help their designs meet the tighter 

CO2 emission standards required by the current Building Regulations (UK Government, 2010), 

but it is not a requirement. Indeed, it is deemed preferable to first improve the energy 

efficiency standards of a building (CABE, 2010; National Housing Federation, 2010) rather than 

rely on LZC technology to help an inefficient building design achieve the required standard.  

                                                             
19

 Such as via heightened insulation levels and reduced air permeability. 
20 An indicative list of allowable solutions includes ‘retro-fitting of low carbon technologies in existing 
buildings’ and ‘investment in energy efficient infrastructure, such as low carbon street lighting’ (DCLG, 
2013, p. 30).  
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By 2016, with the arrival of the zero-carbon home requirement, the installation of LZC 

technology in new developments is likely to become commonplace nationwide (Planning & 

Climate Change Coalition, 2012). With the shift in energy technology configurations that will 

arise, it is advisable to consider and prepare for issues that may influence the CO2 emission 

reductions achieved. Back in 2007, Walker & Cass’s review of the emerging renewable energy 

landscape listed the underlying discourses behind household installations as being ‘personal 

environmental responsibility’, ‘self-reliance’ and ‘autonomy’ (Walker & Cass, 2007, p. 462). 

These motivations were attributed to the mainly active domestic installers at that time; we 

now need to consider the increasing number of householders in mainstream new housing that 

will encounter unselected, pre-installed LZC technology (Monahan & Powell, 2011; Rydin, 

2010b). 

 

2.4 Identifying the research opportunity 

An early test-bed for the accelerated introduction of LZC technology is provided in local 

authority areas where innovative planning policies, known as the Merton Rule (Day, et al., 

2009; Wilson, 2009; Williams, 2010; Bergman, et al., 2009; Boardman, 2007b; Rydin, 2010b), 

have been adopted. This policy is named after the London Borough of Merton, its first point of 

use, where in 2003 the following planning policy was introduced for non-domestic 

developments:  

‘All new non-residential developments above a threshold of 1,000 m2 will be expected 
to incorporate renewable energy production equipment to provide at least 10% of 
predicted energy requirements.’ (Merton Council, 2012) 

Since 2003, 325 out of 390 English councils have adopted the Merton Rule, or variations of it 

(Merton Council, 2012)21, and a proportion have extended its remit to include dwellings; such 

policies are referred to in this thesis as LZC energy policies22,23 and they are, together with the 

Building Regulations, an illustration of how the governance of the low carbon building agenda 

is currently a ‘multi-level phenomenon’ (Bulkeley, Hodson, & Marvin, 2012, p. 115). The 

variations exhibited in the way local authorities have tailored and implemented this type of 

                                                             
21 Reflecting a highly successful form of ‘policy boosterism’ (McCann, 2013, p. 9). 
22 Such policies were later promoted by national planning policies (DCLG, 2007c; ODPM, 2004) and the 
Planning and Energy Act 2008. 
23 Such policies apply to both regulated and unregulated energy consumption, unlike the current zero-
carbon home concept (Boardman, 2007b). 
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planning policy are significant (see Section 5.3)24 and are an example of how geographical 

differences in the UK’s low-carbon energy transition have emerged (Bridge, et al., 2013). In 

terms of the policy’s breadth of application, this is greatest where authorities have 

encompassed all new dwellings, regardless of development size. The existence of these 

localised policy test-beds (where there has been an accelerated introduction of LZC technology 

compared to other authorities with no such policy in place, or with more lenient versions 

adopted) provides a research opportunity for those seeking to assess the potential 

consequences of the scheduled changes to the Building Regulations, as noted by the Calcutt 

Review (DCLG, 2007d). Conducting research within these test-bed areas, as this research does, 

provides an opportunity to identify any problem issues, investigate the potential causes of 

these and highlight where improvements can be made.  

As mentioned in Chapter 1, undertaking borough-wide research generates insights into the 

breadth of issues emanating from the incorporation of a range of LZC technologies into various 

dwelling types with different tenure arrangements and household compositions. The literature 

review in the next two chapters explores the current state of knowledge in this field to which 

this research seeks to contribute and extend. 

  

                                                             
24 Representing an example of what McCann & Ward term (2012, p.43) ‘policy mobility and mutation’. 
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Chapter 3: The state of LZC technology-user relations 

3.1 Introduction 

In Chapter 2, I reviewed the international agreements, legislation and policies linking climate 

change concerns with the introduction of LZC technology into new homes. This provided an 

appreciation of this technology’s role, in and amongst the myriad of other measures being 

taken to reduce greenhouse gas emissions. Our understanding of how effective the LZC 

technology-householder association will be in delivering envisaged reductions in CO2 emissions 

is, however, incomplete. 

In this chapter, I turn to the academic research which contributes to current understandings of 

how householders come to use, regard, interact with and be influenced by LZC technology.  

Through this review, various knowledge-gaps are identified and used to inform the research 

questions guiding this study. By addressing these questions, the research contributes to the 

extant literature. 

Studying how LZC technologies are used and their influence on users requires a consideration 

of relations that span across the social and technical realms. An approach well-suited to such 

considerations is the technology studies version of domestication theory, introduced in Section 

3.2.1 The review then focuses on how LZC technology re-configures domestic energy systems 

in physical, visual and symbolic ways (Section 3.3). Section 3.4 considers the many physical, 

technical, social, and cognitive factors that influence how LZC technology-householder 

associations develop in any particular setting. It takes effort to sustain the physical integrity of 

technologies prone to on-going decay (Graham & Thrift, 2007) and Section 3.5 examines the 

research pertaining to the maintenance and repair of LZC technology. Whether householders 

change their everyday routines25 due to LZC technology is discussed in Section 3.6.  

The chapter then reviews research that emphasises the need to learn from householders as to 

why they interact with LZC technology as they do; gaining such insights provides opportunities 

for policy-makers, developers and designers to appraise how they might intervene to improve 

the design, installation and use of these technologies.  

 

                                                             
25 Gram-Hanssen (2008, p.1188) defines routines as the ‘smallest parts of the social organisation of 
everyday life.’  
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3.2 A socio-technical perspective 

3.2.1 Introduction 

A socio-technical perspective has been adopted in this review. A particular body of this work 

has guided the research’s design, execution and analysis and thus serves as an applicable lens 

through which to review previous research of relevance. The socio-technical perspective 

emanates from science and technology studies (STS), which give attention to how technologies 

are shaped by social-technical processes (during their design and use) (Rohracher, 2003; 

Schweber & Harty, 2010) and also to how technologies shape the situations in which they 

become embedded (Wilhite, 2007).  

The specific socio-technical approach adopted is the technology studies version of 

domestication theory (Sørensen, 2006), which can be used to study the ways in which LZC 

technologies are used and their influence on users. This approach combines domestication 

theory (Sørensen, 2006; Silverstone, 2006) with aspects of actor-network theory (ANT)26 

(Latour, 2005). In studying socio-technical associations, attention can centre on the technology 

and its socio-technical relations or the user and its socio-technical relations27; domestication 

theory focuses on the latter  (Silverstone, Hirsch, & Morley, 1992) and ANT studies often focus 

on the former (see Section 4.2). Aune (1996, p.93) views domestication theory as embodying a 

‘periphery-centre perspective’, which focuses on how users engage with technology on 

different levels, wheras ANT embodies a ‘centre-periphery perspective’, which focuses on the 

designers’ intentions for users. Pertinent concepts from domestication theory and ANT will be 

introduced throughout this chapter.  

This study is interested in, firstly, the extent to which LZC technology, householders and other 

associated entities impact on, or configure, each other; secondly, how the extent of this 

‘mutual shaping’ (Coutard & Guy, 2007, p. 718; Law & Callon, 1992, p. 25) varies between 

households and between technology types (Bergman & Eyre, 2011); and, thirdly, the factors 

that contribute to the variations observed.  Together, the LZC technology, householders and 

associated entities, that impact on the technology’s use and are impacted by its use, comprise 

                                                             
26 ANT’s focus of study specifically encompasses both human and non-human entities (such as texts, 
technical artefacts and material structures (Sayes, 2014)), their actions and their ability to influence the 
actions of other entities. When applying this so-called methodologically (Sayes, 2014) symmetrical 
approach (Preda, 1999), all entities within the field of study are of potential interest at the outset – the 
significance that any entity has (in contributing to research objectives) is not pre-judged based on its 
(non)human status.  
27 Both of which can be considered as ‘socio-technical ensembles’ or ‘local or micro-level’ actor-
networks (Sætnan, 1996, p. 35). 
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the research ‘setting’ (Akrich & Latour, 1992, p. 259). A wider question to address (Coutard & 

Guy, 2007; Gad & Jensen, 2010; Neyland, 2006) is whether LZC technology-householder 

associations perform as envisaged by policy-makers, who instigated their alliance for CO2 

reduction purposes28? If not, what opportunities are there to strengthen, forge new or sever 

associations to achieve further CO2 reductions?  

 

3.2.2 LZC technology & the wider socio-technical network 

LZC technology in new dwellings reside at the notional interface between three phases of a 

wider socio-technical network. The first network phase incorporates entities such as planners, 

building control officers and policy instruments that require and verify (or not) the 

technology’s installation, through which the planning authority can demonstrate its 

commitment to reducing CO2 emissions (Keirstead & Schulz, 2010).  The presiding discourse29 

here relates to climate change (or ‘carbon control’ (Eadson, 2012, p. 67)) and, to a lesser 

extent, fuel poverty (EST, 2011a; Jones, et al., 2000) and energy security (Pyrko & Darby, 

2011).  

The second network phase centres on developers, architects, house designs, technology 

specifications and other entities whose collective contributions shape the technology as 

installed. For speculative developers, this installation typically represents a precondition for 

attaining planning permission30, whilst still building profitable (Osmani & O'Reilly, 2009a; 

Fischer & Guy, 2009; Carmona, 2009) and marketable dwellings (HCA, 2011; Pickvance, 2012; 

Guy & Shove, 2000), with little change to established modes of construction (Williams, 2010). 

The discourse here is mainly an economic one (Munzinger et al, 2006; Imrie, 2007; Carmona, 

2009; Pickvance, 2009 & 2012; Pan & Cooper, 2011). Within the social housing sector, the 

discourse centres on addressing fuel poverty through energy cost reductions (Munzinger et al, 

2006; Abdel-Wahab, Moore, & MacDonald, 2011), in addition to decreasing CO2 emissions 

(EST, 2011a). 

                                                             
28 Speaking of machines and devices, Akrich (1992, p.205) states: ‘Although they point to an end, a use 
for which they have been conceived, they also form part of a long chain of people, products, tools, 
machines, money and so forth.’ 
29 Discourses can be ‘considered as patterned ways of speaking and acting which determine not just 
what gets decided, nor what it is safe or important to discuss, but what can be discussed without being 
mad, incomprehensible, or lacking in common sense’ (Reason, et al., 2010, p. 96). See also Gyberg & 
Palm (2009). 
30 LZC technologies will increasingly be installed to help comply with tougher Building Regulations and 
existing LZC energy policies will become phased out (Section 2.3). 
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The third network phase centres on householders and pre-installed LZC technology. For 

householders, the technology may represent a means to save on energy costs (Walker, 2008a), 

improve levels of comfort (Gram-Hansen, Christensen, & Petersen, 2012) and/or contribute to 

reducing CO2 emissions (Caird & Roy, 2010), for example. As householders move in, the wider 

‘heterogeneous assemblage’ (Marres, 2010, p. 187) of previously associated entities that 

affected the technology’s installation (such as electricians and plumbers) may already be 

beyond easy reach31, and the way householders use LZC technology may not concur with 

assumptions made when forecasting compliance with CO2 emission targets32. 

The variance in meaning assigned to LZC technology within these constitutive phases of the 

wider socio-technical network highlights the technology’s’ ‘interpretative flexibility’ (Pinch & 

Bijker, 1989, p. 29, Sætnan, 1996, Kline & Pinch, 1999, Paredis, 2011). What implication, 

though, does any discontinuity between meanings have on how LZC technology is installed? 

Whether developers promote the optimisation of these technologies through a well-

considered design, installation and hand-over process, which pays attention to the installed 

spaces, associated devices and future users, will be examined in this research.  

To summarise, LZC technologies reside at a notional interface, or boundary, between the 

constitutive phases of a network (centred on the planning process, the development process 

and habitation), where the boundary is a relational effect33 (Lepawsky & Mather, 2011) and 

one where there may be a discontinuity in meaning associated with the technology. 

 

3.3 Physically, visually & symbolically re-configuring the home 

With the deployment of LZC technology, a new type of public is emerging; one where 

householders are becoming physically implicated (Marres & Lezuan, 2011) in policy-makers’ 

efforts to tackle climate change (discussed in Chapter 2). For example, where the technology 

displaces, rather than supplements, conventional energy systems, a physical reliance on the 

technology is configured into the socio-technical structure of the home. In addition, users may 

                                                             
31 Where work on-site has finished. 
32 Outputs from SAP (BRE, 2014) are used to demonstrate compliance with Building Regulations (UK 
Government, 2010) and may also form part of the evidence base for demonstrating compliance with LZC 
energy policies. 
33 Lepawsky& Mather (2011) argue that boundaries are not pre-defined but are contingent upon the 
prevailing relations (or actions) in a setting and therefore they require explanation. 
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need to actively attend to the technology to ensure its correct functioning (Smith & Stirling, 

2007). 

Since the advent of the National Grid and the gas distribution network, the provision of 

domestic energy services has been mainly met through these two energy infrastructures that 

transport electricity and natural gas seamlessly into our homes. The technological 

diversification of energy systems is now increasing with the range of LZC technology being 

installed (Moss, 2009). Certain technologies, such as centrally-managed CHP34 which serves 

multiple dwellings, may retain some of the characteristics associated with conventional energy 

infrastructures, including the relative invisibility of such infrastructure to householders (Shove 

& Chappells, 2001). Others are more visible, as with ASHPs35 (typically sited in gardens) and 

biomass boilers (where the biomass store will need periodic replenishment). Thus, certain LZC 

technologies will increase the visibility of energy generation and provision (Nye, Whitmarsh, & 

Foxon, 2010; Dobbyn & Thomas, 2005).  

For some householders, LZC technology will potentially provide a means of symbolically 

relating to efforts to combat climate change. This point is taken up by Marres (2010, p.179), 

who discusses the ability of domestic energy technologies, such as thermostats, to potentially 

dramatise ‘connections between practices “in here” and changing climates “out there”’, 

enabling householders to act-out their participation in addressing climate change. For others, 

such ‘affordances’ (Akrich & Latour, 1992, p.261; Latour, 1994; Marres, 2010; Sørensen, et al., 

2000) may remain untapped, potentially due to poor understandings of the technology or 

disinterest in climate change. The symbolic meaning ascribed to LZC technology may deviate 

from that ascribed to it by policy-makers and it may vary between and within households 

(Reimer & Leslie, 2004). 

Studies on LZC technology have centred mainly on retrofits, where the drivers and barriers to 

adoption, user satisfaction levels and modes of use are typically considered (Caird & Roy, 

2010; Wrapson & Devine-Wright, 2014; Devine-Wright, et al., 2014; Owen, Mitchell, & 

Unsworth, 2013; Faiers, 2009). Active retrofitters36 within private housing are termed early 

adopters; they are typically motivated by the prospect of lowering energy costs, reducing CO2 

emissions or demonstrating their commitment to the environment (Caird & Roy, 2010; 

                                                             
34 Refer to http://www.chpa.co.uk/what-is-chp_15.html for an explanation of CHP technology. 
35 Refer to http://www.energysavingtrust.org.uk/Generating-energy/Choosing-a-renewable-
technology/Air-source-heat-pumps for an explanation of ASHP technology. 
36 Those living in retrofitted social housing are alluded to (in the academic literature) as passive 
retrofitters as the decision to retrofit is the landlord’s. 

http://www.chpa.co.uk/what-is-chp_15.html
http://www.energysavingtrust.org.uk/Generating-energy/Choosing-a-renewable-technology/Air-source-heat-pumps
http://www.energysavingtrust.org.uk/Generating-energy/Choosing-a-renewable-technology/Air-source-heat-pumps
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Wrapson & Devine-Wright, 2014). Such users are considered unrepresentative of the wider 

population in their degree of commitment to these technologies (Rohracher, 2003).  

Other research has focused on residents within specific new developments with high 

environmental credentials (often termed eco-housing) or especially low energy requirements 

(such as passive houses (Mlecnik, et al., 2012; Zalejska-Jonsson, 2012)). Such housing is 

unrepresentative of mainstream new housing fitted with LZC technology to meet a LZC energy 

policy (Section 2.4). An under-researched area pertains to how those moving in to these 

mainstream new builds view this technology and whether their outlook on it influences how 

they make use of it. 

Research question: What symbolic meanings do new home occupants attach to LZC technology, 

and do these ascribed meanings affect how the technology is used? (→ Section 9.4) 

 

3.4 LZC technology-user relations 

3.4.1 Visions of end-users  

Depending on how LZC technology has been designed and embedded within a socio-technical 

network, there may be multiple ways of using it that yield varying CO2 reductions. Whether 

users follow the preferred (or optimum) mode of use will depend upon how well this option is 

scripted into the technology-user interface; that is, how ‘explicit’ the ‘prescription’37 is (Jelsma, 

2003, p. 107).  

Where a designer has enabled only one form of deployment, the prescription is considered 

‘rigorous’ (Brand, 2005a, p. 11) or ‘strong’ (Jelsma, 2003, p. 109), and the ‘program of action 

delegated’ (Latour, 1992, p. 233) to the user is made clear. Where the technology’s design 

allows for different modes of use (as with summer, winter and boost settings for MVHR 

systems38), the inscription for the (seasonally dependent) preferred form of use needs to be 

clear in order to enrol users. As summarised by Oudshoorn et al. (2004, p.55): 

‘In using technologies, users do not necessarily have to adopt the scripts constructed 
by the designers. Users may slightly modify the scripts, they may drastically transform 
them, or they may even completely reject them …’  

                                                             
37 The definition of prescription provided by Latour (1992, p.232) is ‘the behaviour imposed back onto 
the humans by non-human delegates.’ 
38 Refer to Zero Carbon Hub (2012a) for an explanation on MVHR systems. 
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At this point, it is useful to introduce some further terms to characterise associations between 

entities: 

‘Subscription (…): the reaction of the anticipated actants39 – human and non-humans – 
to what is prescribed or proscribed to them.’ (Akrich & Latour, 1992, p.261) 

Where a user adheres fully to the prescribed mode of action presented by a technology, the 

user’s subscription meets the prescription’s requirements. Where there are discrepancies 

between prescriptions and subscriptions, efforts to reduce these can be characterised as a 

form of ‘re-inscription’ (Akrich & Latour, 1992, p. 262), which can centre on the user, the 

technology or other entities within the setting.  

Firstly, work can be undertaken to endow users with additional competences that enable them 

to follow prescriptions more closely (such as through training or information provision relating 

to their LZC technology). Secondly, re-inscription efforts may focus on improving the clarity 

with which the preferred mode of use is inscribed into the technology-user interface (Jelsma, 

2003), through more intuitive control designs, for example. Lastly, re-inscription efforts may 

target other entities that either impede users from following prescriptions or could encourage 

them to do so (such as getting developers to explain LZC technologies to new home 

occupants). This last option targets the wider factors that contribute to the configuration 

(Woolgar, 1991) of technology-user relations (Aune, 2007). In her study on PV installations, for 

example, Ghanem (2008) illustrates how users are configured both by the ways in which the 

system’s components (particularly the display monitor) are embedded in the buildings’ design 

and by documentation handed over. So, re-inscription acts on knowledge gained about the 

discrepancies between prescriptions and subscriptions. The nature and underlying cause of 

these discrepancies will help determine the field of focus for re-inscription efforts; throwing 

light on these discrepancies in the context of LZC technology-user associations is one of the 

objectives of this research. 

Research question: How are users configured by the design, placement and settings of LZC 

technology (→ Section 7.3) 

In determining how to inscribe technology, the design process may be influenced by a 

particular vision of an end-user (Jelsma, 2003; Ornetzeder & Rohracher, 2006) and the 

competences and interests/values assigned to this idealised end-user may partially determine 

the inscription employed (Akrich, 1992). However, these assigned characteristics, possibly 

                                                             
39 Defined in Section 3.6.1. 
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reflective of the designers’ own competences and experiences (Ornetzeder & Rohracher, 2006; 

Berker, 2011), may be unrepresentative of many end-users; that is, ‘there might be an 

enormous gap between the prescribed user and the user-in-the flesh’ (Latour, 1992, p. 237). 

This disparity may adversely affect the degree to which these unconsidered user types are able 

to, or can be persuaded to, follow the inscription encoded into technology (Oudshoorn, 

Rommes, & Stienstra, 2004). Rohracher (2003) considers these unconsidered types in his 

research on MVHR systems in Austria. He notes that ‘early users who are involved in shaping 

technical systems often belong to specific social groups’ and that these are ‘generally more 

highly educated, more wealthy and showed more environmental commitment than average 

people’ (Rohracher, 2003, p. 189).  

It is not just end-users who may be at odds with designers’ visions: the wider socio-technical 

network responsible for installing the technology may be deficient (Rohracher, 2003). In 

discussing how MVHR systems move from the innovative stage to one of wider adoption in 

Austria, Rohracher (2003, p.183) comments that: 

‘the practice of planning and implementing ventilation systems has to change on the 
way from highly specialized designers and producers to less competent installers.’  

Evidence for inadequately designed and installed LZC technology is emerging in the UK (Zero 

Carbon Hub, 2012a; NHBC Foundation, 2012b), with one survey attributing blame to installers 

for 90% of detected faults (NHBC Foundation, 2012b). Such research suggests that increasing 

installation rates for LZC technology ‘would seriously test the skill base of tradesmen involved 

in their installation, maintenance and repair’ (Nye, et al., 2010, p.709). In recognition of 

observed deficiencies in installers’ skill base, DECC (2011b) signalled that competence 

requirements needed swiftly to be incorporated within the MCS for installers and the Building 

Regulations’ Competent Person Scheme. 

Returning to end-users, designers may bestow them with values that will motivate them to use 

the technology optimally40, and this may adequately represent some. A user’s motivation, 

however, may be insufficient to overcome constraints imposed by other entities. Additionally, 

although a user may hold values conducive to using a technology optimally, this may not 

transpire where there is insufficient understanding of the technology and the finer points of 

the user’s intended role. As Gram-Hanssen (2010, p.185) observes from researching residential 

heat consumption in Denmark: 

                                                             
40 Such as wanting to maximise financial and environmental gains. 
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‘It is absolutely possible to be highly engaged in the environment without knowing 
technically how to influence the level of consumed energy, as it is also possible to be 
technically interested in doing ‘the right thing’ without being especially 
environmentally concerned.’ 

This finding concurs with research on homes fitted with MVHR systems and biomass district 

heating in the UK (Gill, et al., 2011); here, even where a resident was striving to become a low 

energy consumer, they were the second highest energy consumer in the study, illustrating that 

environmental committment alone is insufficient to yield improvements if accompanied by 

constraints such as inadequate information (Gill, et al., 2011).  

In addition to values, motivations and understandings, householders’ competences are also of 

relevance. The National Housing Federation (2010), for example, advocates that housing 

associations consider householders’ likely ability to undertake any simple maintenance tasks 

required for installed LZC technology. Notions of competency are explored in the following two 

sections. 

 

3.4.2 Black boxes & immutable mobiles  

Akrich (1992) presents a broad perspective on competency. She contends that, in designing for 

a technology’s preferred form of deployment, designers need to decide how to distribute the 

necessary ‘competences’ (Akrich, 1992, p. 207) to achieve this. Where the ways of using a 

technology are severely restricted, or closed down (Mackay & Gillespie, 1992), the designer 

has assigned the bulk of the relevant competences to the technology, not the user. Where 

complete stability is attained in the outcomes achieved, the technology is termed a ‘black box’ 

(Latour, 1994, p. 36). 

When a technology retains this black-box status wherever located, it is sometimes termed an 

‘immutable mobile’ (Law & Singleton, 2005; Latour, 1986). Such technology is designed to be 

sufficiently understandable and usable in a consistent way or, alternatively, immune to a user’s 

indifference. For example, national gas and electricity networks infiltrate seamlessly into 

homes and, in the absence of faults, householders black-box these technologies which, 

through their prevalence and consistency in use, can be considered as immutable mobiles41.  

                                                             
41 In discussing immutable mobiles, Law & Singleton (2005, p.335) outline how such an entity retains its 
shape in two distinct ways: ‘On the one hand, it does so in physical or geographical space. On the other, 
it holds its shape in some relational and possibly functional manner where it may, to say it quickly, be 
imagined as a more or less stable network of associations.’ 
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In the context of endeavours to reduce CO2 emissions via the despatch of LZC technology into 

new homes, the success of this attempt at ‘long-distance control’ (Law & Singleton, 2005, p. 

335) will depend on the degree to which such technologies function as immutable mobiles. For 

this to occur, socio-technical networks would need to be re-configured such that associations 

fully supported the LZC technology’s correct use, wherever its location. In so doing, existing 

associations might need altering, or severing, and new associations formed to stabilise the new 

technology’s use.  

The stability attached to an immutable mobile is not considered to remain constant over time 

without some form of input, however. In other words, ‘it takes effort to sustain stable 

networks of relations’ (Law & Singleton, 2005, p. 337) and this is discussed in Section 3.5. 

 

3.4.3 Distributed competences & distributed inscriptions 

As possible modes of use increase, or open up (Mackay & Gillespie, 1992), the user requires a 

deeper understanding of the LZC technology in order to knowingly optimise its use; here, the 

designer allocates more requisite competences (Akrich & Latour, 1992) to the user or, as 

Ilmonen (2004, p.32) describes it, ‘the more competencies’ the technologies ‘demand of us’. 

This ‘distribution of competences’ (Latour, 1992, p. 233; Akrich, 1992, p. 207), as materialised 

by designers in the forms the LZC technology and envisaged user take, amounts to a ‘specific 

geography of responsibilities’ (Akrich, 1992, p. 207) for operating the technology optimally. 

The preferred deployment mode may not be apparent to the user, however, dependent on 

how the LZC technology is scripted and on whether the user comes to read and understand 

that script.  

What happens, then, when a user misinterprets the designers’ intentions and mistakenly 

considers that a LZC technology operates optimally without their intervention? Incorrectly 

ascribing a black-box status to a technology that is designed to operate with some user 

involvement may lead to sub-optimal outcomes. For example, if MVHR systems are 

inadequately maintained by neglecting filter changes, their performance will deteriorate (Zero 

Carbon Hub, 2012a). In such instances, technologies may be sufficiently embedded within the 

physical infrastructure, but their ‘social embeddedness’ (Schweber & Harty, 2010, p. 659; 

Brand, 2005b) is lacking.  
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The inscription on how best to use a LZC technology may be shared amongst several entities, 

such as an instruction manual and control unit. The importance of such distributed inscription 

for LZC technology is acknowledged by DECC (2011b, p.5), who advocates a ‘whole system’ 

approach, requesting ‘clear guidance’ from industry to cover the technologies and associated 

controls. For example, the presence of well-written and comprehensive procedures, if 

followed, would facilitate users’ enrolment into following the preferred mode of use. 

Where the desired ‘framework for action’42 (Akrich, 1992, p.208) is not followed, the user’s 

associations can be investigated to establish which might be ineffectively supporting the 

preferred mode of use. Potentially, associations designed to shape the new desired 

‘framework for action’ may be thwarted by the dominance of ‘more robust existing 

associations’ (Harty, 2010, p. 313)43. Within any given setting, there may be numerous entities 

that influence the use and function of a LZC installation; some will be part of the designed set 

of devices (which I term the formal distributed inscription) and others will be external to this 

(which I term the informal distributed inscription). The presence and nature of associations 

that have an influence on technological performances will vary between settings, resulting in 

‘a multiplicity of enactments’  (Gad & Jensen, 2010, p. 65), and the identification of these 

influential associations is a focus for this research. 

 

3.4.4 Trials & distributed user engagement 

The processes by which unfamiliar technologies become enrolled into household settings has 

been termed ‘domestication’ (Oudshoorn, Rommes, & Stienstra, 2004, p.55) and 

domestication theory constitutes another socio-technical approach (Gram-Hanssen, 2011; 

Oudshoorn & Pinch, 2005) that attempts to disentangle the complex processes behind the 

formation of technology-user relations (Aune, 1996). As discussed in Section 4.2, this research 

employs a ‘technology studies version’ of domestication theory (Berker, et al., 2006, p. 10), 

which combines the latter with ANT’s sensibilities. With domestication theory, the adopted 

starting point is the user as opposed to the technology and its intended mode of use. As 

described by Lie & Sørensen (1996, p.8): 

                                                             
42 Akrich (1992, p.208) describes how ‘technical objects define a framework for action together with the 
actors and the space in which they are supposed to act.’ 
43 Such as when householders continue to rely on conventional energy systems, rather than testing out 
the capabilities of LZC technology in isolation.  
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‘In everyday settings, we consume technologies – or, more precisely, technical 
artefacts – by integrating and using them. We are also consumed by the artefacts 
when they gain our attention and have us react to them and become occupied by their 
abilities, functions and forms. This dual relationship between humans and technologies 
is the outcome of a process of domestication.’ 

Lehtonen (2003, p.364) interprets domestication as a series of ‘trials’ which concern the user, 

the technology and the myriad of connected entities that impinge on the technology’s use 

(Lehtonen, 2003). The term trial is pertinent as it suggests both an indeterminancy, or 

‘openness’, with respect to outcomes and also a dynamic exchange between entities 

(Lehtonen, 2003, p. 381). Lehtonen (2003) proposes that attention should be paid to the 

conditions within a setting that allow for trials to ensue and also to the learning that is enabled 

through them. 

A series of trials and associated outcomes suggests a series of disruptions and reconfigurations 

to the technology-user association until a period of relative stability prevails. An additional 

issue to consider in this research, then, is what trials have occurred and whether the LZC 

technology-user association within any particular setting has become stabilised. Even those 

that have rejected or are indifferent to the technology could be said to have reached some 

form of (dis)agreement. 

Research question: What trials (experiences, interactions or receipt of new knowledge) trigger 

householders to shift and re-stabilise their socio-technical relations as part of the on-going 

domestication process? (→Sections 7.5 & 10.6) 

Another consideration is how engagement with LZC technology becomes distributed amongst 

household members and whether there are any discernible patterns. As argued by Oudshoorn 

et al. (2004, p.32):  

‘Technologies may create new identities, or transform or reinforce existing identities, 
by delegating and distributing specific responsibilities, skills, and tasks to users.’ 

Where there are householders of different genders, how are LZC technology-related 

responsibilities distributed and does this alter existing distributions of competences and 

responsibilities as regards technology use? Technology is deemed ‘one of the most stable and 

powerful symbols of masculinity’ (Oudshoorn, Rommes, & Stienstra, 2004, p.53) and the 

competent use of technology has been aligned with what it means to be masculine (Berg & Lie, 
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1995).44  How might the domestication of LZC technology differ between women and men and 

how might this process be negotiated? Lie & Sørensen (1996) consider that issues of gender 

may be encompassed, but not necessarily explicitly drawn attention to, when notions such as 

familarity, interest and competence are discussed. With newly introduced technologies, 

possibly yet to be ‘assigned gender characteristics’, the ‘gendering process’ (Sætnan, 1996, p. 

37) may be more discernible and open to study as the technologies mediate household 

relations in potentially new ways (Lehtonen, 2003), stabilising or destabilising gender relations 

(Berg & Lie, 1995). Pink (2004, p.43) argues that: 

‘By seeing gender as partial and completed only in interactions with other individuals, 
objects or spaces, we can begin to think of individuals’ housework practices as 
performative actions through which they might self-consciously constitute and re-
constitute their gendered identities.’  

A gendered disparity regarding ‘environmental concern, values, and perceptions of 

environmental risks’ has been observed (Norgaard & York, 2005, p. 508; Eisler, Eisler, & 

Yoshida, 2003; Whitmarsh, 2011), though how this influences the distribution of sustainability 

work within the home needs better understanding (Gibson, et al., 2011; Reed & Christie, 

2009). In mixed households, environmental actions requiring a change to everyday routines 

tend to be the woman’s responsibility (Reed & Christie, 2009), whilst those requiring structural 

work reside with the man (Scott, 2009; Organo, Head, & Waitt, 2012; Mansouri-Azar, 1996); 

the former finding is unsurprising given that housework is still predominantly undertaken by 

women (Berg, 1999; Sullivan, 2000).  

 

3.4.5 Modes of engagement 

Neighbourly support 

Within developments where multiple dwellings have LZC technology, technology-related 

support may emanate from neighbours, rather than from friends and family lacking the 

necessary technological experience. This was observed in Monahan’s (2013) research on a UK 

development containing 13 dwellings with various LZC technologies, where neighbours 

discussed their experiences with their technologies and their modes of operation. Where there 

                                                             
44 MacKenzie & Wajcman (1999, p.273) suggest that whilst white goods (domestic appliances) ‘are 
portrayed as serviceable and simple to use, brown goods are often portrayed as complex, clever 
technologies that require skills in handling.’ Brown goods include entertainment-oriented technologies 
such as televisions. 
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is neighbourly support, relations may develop in ways that might otherwise not have occurred, 

contributing to denser and more varied associations. The extent to which neighbours provide 

LZC technology-related support to each other, such as through the exchange or transfer of 

experiential knowledge, and how this may be related to the development’s characteristics 

(including ‘spaces or possibilities to mingle and connect’ (Marcus, Neumark, & Broome, 2011, 

p. 12)), appears unexamined in any depth. Similarly unexamined is the role that Residents’ 

Associations may be playing in facilitating the exchange of useful information and the 

formulation of neighbourhood norms (Nassauer, Wang, & Dayrell, 2009). 

Research question: To what extent do households in a given development provide LZC 

technology-related support to each other? (→ Section 9.3) 

Research question: What role do Residents’ Associations play in facilitating information 

exchange and assisting with formulating neighbourhood norms? (→ Section 9.3) 

Unawareness, indifference, discontent, misuse and rejection 

Given that new home occupants have typically not been involved in their LZC technology’s 

installation, they may in certain instances be unaware of its presence, representing ‘unwitting 

users’ (Rose & Blume, 2005, p. 108). Others may be indifferent to their technology, labelled as 

‘24/7 oblivious’ by Dobbyn & Thomas (2005, p.38). EST (2011a) research on the success of LZC 

technology projects in social housing found that tenants became frustrated when they did not 

understand how to use their technology. Discontentment also arises when the technology 

presents a nuisance, as can occur with noisy (van der Pluijm, 2010; NHBC Foundation, 2013a; 

Zero Carbon Hub, 2012a) and draught-inducing (Monahan & Powell, 2011; NHBC Foundation, 

2013a) MVHR systems, for example. Other householders may be misusing their LZC 

technology; for instance, Dobbyn & Thomas (2005) cite a passive STHW45 adopter who had not 

had the system explained to her and as a consequence left the immersion heater constantly 

on. As highlighted by Mackay & Gillespie (1992, p.698), individuals ‘are not merely malleable 

subjects who submit to the dictates of a technology’ and they may reject, or otherwise resist, 

the technology  imposed upon them (Mackay & Gillespie, 1992; Oudshoorn, 2012), becoming 

non-users. Such non-users have received significantly less consideration within STS than users 

(Oudshoorn, 2012; Wyatt, 2005).  

                                                             
45 Refer to http://www.energysavingtrust.org.uk/Generating-energy/Choosing-a-renewable-
technology/Solar-water-heating#2 for an introduction to STHW systems. 

http://www.energysavingtrust.org.uk/Generating-energy/Choosing-a-renewable-technology/Solar-water-heating#2
http://www.energysavingtrust.org.uk/Generating-energy/Choosing-a-renewable-technology/Solar-water-heating#2
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At this point, the concept of ‘antiprograms’ (Akrich & Latour, 1992, p. 261) can assist with 

examining acts of indifference, misuse and rejection. This term is defined as: 

‘the programs of actions of actants that are in conflict with the programs chosen as the 
point of departure of the analysis; what is a program and what is an antiprogram is 
relative to the chosen observer.’ (Akrich & Latour, 1992, p.261) 

This relativity of anti-programs can be illustrated as follows. Where a householder uses a LZC 

technology in a way that they understand to be correct, from their perspective they are 

following the intended program of action and there are no intentional anti-programs at play. If 

this householder has misinterpreted how best to use the LZC technology and is actually 

following a course of action unintended by designers, then there are anti-programs at play 

from the designers’ perspective. Thus, whether an action is an antiprogram depends on the 

point of reference, and anti-programs can be both intentional and unintentional. Where there 

is intentionality, the notion of ‘buildings at odd with inhabitants’ (Powells, 2009, p. 2348) is an 

applicable one.  

As an example, several anti-programs (which could be intentional or unintentional) may 

counteract potential energy savings from MVHR systems; such as when occupants open 

windows (Rohracher, 2003; Macintosh & Steemers, 2005; NHBC Foundation, 2012b); ‘rely on 

additional heating facilities’ (Rohracher, 2003, p. 181); disable the system (Macintosh & 

Steemers, 2005; Monahan & Powell, 2011); operate it continously in the more energy-

intensive mode designed to be used for short periods only (Macintosh & Steemers, 2005); and 

utilise the induced-draughtiness as a cooling mechanism in summer (Monahan, 2013). 

Typology of the LZC technology user 

In order to capture the variety of ways in which users interact with LZC technology, 

researchers have put forward certain typologies. From research on passive PV installers (which 

encompassed retrofits in social housing and new private builds in the UK), Ghanem (2008, 

p.175) proposes four types of users; ‘conscious’, ‘opportunistic’, ‘interested’ and the ‘non-

user’. The ‘conscious’ user reported an increased awareness of energy consumption and 

Ghanem (2008, p.177) attributed this raised awareness to the ways in which the PV system 

had been embedded in the home, particularly with regards to the visibility of the display panel 

which enabled the user to track energy generation and usage. The ‘opportunistic’ user was 

found to increase electricity consumption during periods when the PV system was generating 

electricity. Sometimes this was viewed as an illustration of load shifting, when the timing of 

routine activities was re-aligned with the system’s performance. In other instances, the 
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‘opportunistic’ user was viewed as undertaking additional electricity consuming activities at 

times of peak generation that they might otherwise not have done (such as making use of the 

tumble dryer) (Ghanem, 2008, p. 179), demonstrating a rebound effect46. The ‘interested’ user 

(Ghanem, 2008, p. 181) demonstrated a fascination with the technology that extended beyond 

its environmental and economic attributes, and centred on the technology itself and its 

energy-generating potential.  

The ‘non-user’ category was sub-divided into ‘passive non-users’ and ‘active non-users’, where 

Ghanem (2008) argues that the former were excluded from interacting with the technology by 

the way it had been configured in the home (such as display panels positioned in communal 

hallways rather than within the home); in other words, their non-user status was scripted by 

the design of the system and did not constitute an active choice (Ghanem, 2008, p. 183). Those 

that selected not to engage with the PV system, through disinterest or notions of 

inappropriateness, are what Ghanem (2008, p.183) calls the ‘active non-user’. It should be 

noted, however, that Ghanem’s (2008) non-users are still benefiting from, and therefore using, 

the PV system in that they are continuing to consume or export the electricity thus generated. 

Thus, I would suggest that the term non-user in this context is a misnomer. 

In Caird et al.’s (2008, p.152) research on active installers of certain LZC technology, three 

categories of user were derived: ‘engaged’, ‘non-engaged’ and ‘reject-users’. The ‘engaged’ 

users were characterised as those that amended their behaviour so as to use their 

technologies effectively without creating any rebound effects; ‘non-engaged’ users were 

characterized as using their technology ineffectively; and ‘reject’ users were those that had  

adopted a LZC technology, used it but then rejected it (Caird, Roy, & Herring, 2008, p. 152; 

Roy, Caird, & Potter, 2012). 

It is not the intention of this research to produce new, or verify existing, generic user 

typologies; however, within Section 7.4, specific typologies are generated to capture how 

householders engage with, and are shaped by, feedback from selected LZC technologies.  

 

                                                             
46 Rebound effects are returned to in Section 3.6.1. Put simply, a rebound effect occurs where using LZC 
technology leads to increases in users’ expectations of levels of energy service provision.  
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3.5 Maintenance & repair 

3.5.1 Maintaining systems & attending to faults 

It takes effort to sustain the physical integrity of technologies prone to on-going decay 

(Graham & Thrift, 2007). Whatever form of physical stability prevails initially, it may not 

continue without some repair or maintenance in due course (Leaman, Stevenson, & Bordass, 

2010). This may necessitate user involvement, in identifying the need for repair and making 

suitable arrangements, for example. The need to monitor and maintain LZC technology is well 

documented; for example, the Energy Saving Trust (EST, 2006a) states that STHW systems 

would benefit from annual inspection checks and householders should be provided with 

maintenance schedules; the Zero Carbon Hub (2012a) highlights the need to adequately 

maintain MVHR systems to ensure their performance47; and Staffell et al. (2010, p.152) note 

that PV inverters need monitoring to detect instances of tripping due to ‘voltage spikes and 

grid instability’. Within the social housing sector, the need to maintain LZC technology appears 

generally well-accepted and is typically managed by the asset management department of 

registered social landlords, as opposed to householders (Kempton, 2014). 

Early rectification of faults reduces the time available for these to adversely impact on the 

technology’s socio-technical associations, such as adversely influencing user’s perception of 

the technology (Mlecnik, et al., 2012). Abdel-Wahab et al. (2011), for example, report on the 

adverse effect that a poorly performing GSHP-based communal heating system had on the 

onward socio-technical relations between a particular housing association and LZC technology 

in general. The malfunctioning GSHP was unable to provide the necessary energy services and 

this had a knock-on effect on the housing association’s ‘reputation and image’ (Abdel-Wahab, 

Moore, & MacDonald, 2011, p. 320).  

Where centralised gas and electricity networks are substituted by, or supplemented with, 

decentralised LZC technology, what impact does this have on the attention given to 

maintenance and repair activities? Given the established nature of the gas48 and electricity 

networks, a mature maintenance and repair system has evolved to serve the UK domestic 

market. For example, most householders are aware of the regularity with which gas boilers 

                                                             
47 Such maintenance includes ‘regular cleaning around the ceiling grilles and vacuum cleaning the filters 
and/or changing them from time to time’ (Zero Carbon Hub, 2012a, p. 39). 
48 By 2010, 90% of UK homes had a central heating system and 93% of these were fuelled by natural gas 
(DECC, 2012e). 
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should be serviced and many have annual arrangements in place for this, receiving reminders 

when services are due; that is, there is an established practice in place.  

When faults occur to these established networks, it is generally evident as the provision of 

energy services is either disrupted or diminished49. Faults may or may not be accompanied by 

supportive information from associated devices. For instance, where there is an electrical fault 

in a particular circuit and that circuit trips, the electrical switchboard will indicate, in the form 

of a visibly tripped switch, in which circuit the fault lies. Once alert to the need for a repair, 

householders generally know who to call for assistance, if required (a trusted electrician, for 

example). If not, householders can readily turn to others for recommendations or to various 

listings of service providers. In the main, householders are sufficiently enrolled in a socio-

technical network that has developed to facilitate the maintenance and repair of the 

established gas and electricity networks.  

For LZC technology, repair and maintenance support networks may, firstly, involve a range of 

tradespeople and organisations unfamiliar to householders and, secondly, be insufficiently 

developed. For example, although regular filter changing constitutes a recommended 

maintenance task for MVHR systems (Yu & Kim, 2012), the absence of ‘a market for 

replacement filters’ in the UK implies such maintenance is not commonly undertaken (Zero 

Carbon Hub, 2012a, p. 6) or potentially provided for. Research supporting this second point 

indicates that current after-sales support for LZC technology-users is inadequate in the UK 

(NHBC Foundation, 2012b) and the introduction of contractual guarantees for such service 

provision is recommended (EST, 2010b). In more mature markets such as Denmark, annual 

maintenance schemes are typically offered by energy companies for purchasers of heat 

pumps, with 60% of householders in one survey having such arrangements in place (Gram-

Hansen, Christensen, & Petersen, 2012).  

Graham & Thrift (2007, p.5) note that the process of fixing faulty systems leads to ‘learning, 

adaptation and improvisation’. A question unaddressed in their account, however, is that of 

who is able to partake in such fixing and thereby benefit potentially from the attendant 

learning.  Householders, for example, may be restricted in their ability to repair devices 

associated with their energy systems for reasons such as accessibility (as noted for STHW 

(Caird & Roy, 2008) and MVHR systems (Zero Carbon Hub, 2012a)) and insufficient 

understanding of how to identify causes and select ameliorative measures.  

                                                             
49 This illustrates one of Star’s defined properties for infrastructure, its visibility ‘upon breakdown’, 
highlighting the ‘relational nature of infrastructure’ (Star, 1999, p. 382). 
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The speed with which a technological breakdown is investigated and its causes identified is 

considered by Akrich (1992, p.224) to be a measure of the ‘solidity’ of the technology’s socio-

technical network. For LZC technology, there are certain situations where householders may 

be unaware of a breakdown due to no discernible change in the provision of associated 

services. Take, for example, a PV installation where the trip switch, generation meter and any 

displays are located in unfrequented spaces, such as lofts. A power surge can cause the 

inverter50 to switch off, or trip, effectively shutting down the system and preventing the 

generation of renewable electricity (Munzinger, et al., 2006; Jardine, 2006). As access to mains 

electricity continues, the malfunctioning system remains indiscernible until the generation 

meter, display or trip switch are visually checked. This state of affairs can continue for some 

time, as only 40% of householders check their PV display monthly (as found in Munzinger et 

al.’s (2006) UK study), re-inforcing the need for inverters and displays to be readily available 

for checking (Munzinger, et al., 2006). Similarly, householders may be unaware of faults or 

deteriorations in their MVHR system’s performance (Hill, 1999) and, because of this, the Zero 

Carbon Hub (2012a) has recommended that MVHR systems should incorporate indicators that 

identify the selected operating mode and whether maintenance is required; for the latter, 

visible and audible indicators are recommended. 

The need for diagnostic assistance in identifying malfunctioning LZC technology has also been 

highlighted by  STHW-retrofitters who, in one UK survey, advocated ‘a diagnostic system to 

warn about component failure and to locate leaks in pipes’ (Caird & Roy, 2008, p. 345). Even 

where system displays are accessible, however, this does not necessarily lead people to check 

them. This is mainly attributed to a poor understanding of what the displayed information 

means or an inability to properly read the display due to inadequate lighting (Munzinger, et al., 

2006). These examples demonstrate the need to give proper consideration to the effectiveness 

of LZC technology-user interfaces (Boardman, 2007a). 

Householders may not know whether periodic maintenance should be undertaken (by 

themselves or specialist contractors), given that the quality of instructions provided has been 

both ‘inconsistent’ and ‘inadequate’ (NHBC Foundation, 2012b), and any substandard 

maintenance is expected to contribute to declining efficiences and possible breakdowns 

(National Housing Federation, 2010).  

 

                                                             
50 The inverter converts the generated direct current electricity to alternating current as used within the 
home. 
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3.5.2 Faulty installations 

The previous discussion on maintenance and repair has not attended to situations where 

installed technologies are faulty from the outset. Given that LZC technologies are relatively 

new to mainstream UK developers and regulators, what is the probability of this scenario? It is 

unlikely that faulty installations would be routinely identified by planning enforcement officers 

or building control inspectors, in view of limited monitoring and enforcement activities (Rydin, 

2010b); a difficulty in detecting performance issues using established inspection techniques 

(DCLG, 2012a); an insufficient understanding of, and low prioritisation given to, the energy 

performance of new buildings (Adeyeye, Osmani, & Brown, 2007; Fischer & Guy, 2009 & 2011; 

Pickvance, 2009; Pan & Garmston, 2012a & 2012b; NHBC Foundation, 2012d); and competition 

for developer clients between local authority inspectors and their private counterparts, which 

may lead to greater leniency (Hawkesworth & Imrie, 2009; Lowe & Oreszczyn, 2008; DCLG, 

2012a). 

The need for more thorough commissioning of LZC technology to improve detection rates for 

incorrectly installed and underperfroming installations is a point raised by Boardman (2007b), 

and demonstrated by Bell et al.’s (2010) research on STHW systems. The  commissioning 

process is key to optimising the set-up for MVHR systems (Zero Carbon Hub, 2012a) and ASHPs 

(EST, 2010b), for example, but evidence suggests that commissioning standards are not being 

adhered to (Zero Carbon Hub, 2012a). In response to concerns raised by studies undertaken, 

DCLG (2012a, p.47) is advocating that the Government, industry and the building control 

bodies work towards ensuring ‘that regulatory requirements for zero carbon are verifiable in 

the course of building control inspections’.  

The evidence for poorly installed LZC technology is increasing, with causes attributed to flawed 

designs, faulty installations, inadequate commissioning, poor workmanship and inadequate 

communication between trades (NHBC Foundation, 2011a; Zero Carbon Hub, 2012a; 

Munzinger, et al., 2006). A survey of 39 retrofitted STHW systems, for example, found that 

80% exhibited faults, with leaks and faulty parts noted (Caird & Roy, 2008). Similarly, in a field 

trial of mainly retrofitted heat pumps (comprised of 29 ASHPs and 54 GSHPS), many faulty 

installations were observed and the involvement of a variety of contractors (such as, plumbers, 

electricians and heat pump installers) was identified as an issue, in terms of allocating overall 

responsibility for the quality of installations (EST, 2010b).  
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The reliability of domestic LZC technology, the efficacy of maintenance and repair support 

systems (Walker, 2008a), and the extent to which LZC technology is maintained and repaired 

are matters still to be determined and this research contributes to current knowledge in this 

area. 

Research question: What is the prevalence and cause of faulty LZC technology and how do 

these faulty installations come to light? (→ Section 8.2) 

Research question: To what extent are LZC technologies maintained, and what are the 

underlying reasons for this? (→ Section 8.3) 

Research question: What are the wider benefits of maintenance processes? (→ Section 8.3) 

 

3.6 Shaping of users 

3.6.1 Agency 

When, and if, an individual learns that to maximise gains from a LZC technology, they will need 

to amend their interactions with it or amend how certain connected activities are undertaken, 

they have a choice. They can make informed changes to improve its performance or they can 

continue as before and accept an under-performing technology. As Georg (1999, p.455) notes: 

‘Not all citizens have the time or are willing to take the time to reorganise the routines 
of everyday life.’ 

Whether householders instigate any significant change due to a new technological association 

will, in part, be influenced by the ‘elasticity’ (Wilson & Dowlatabadi, 2007, p. 191) or ‘room for 

manuevering’ (Oudshoorn & Pinch, 2005, p. 6) inherent within their daily schedules, as 

determined by the presence of constraining factors. Of course, certain changes to routines 

may be imposed by the technology. Take, for example, householders who typically dry clothes 

on radiators; the introduction of  a combined ASHP and radiator system would necessitate a 

procedural adjustment as radiator temperatures become too low51 for effective drying to 

occur. 

                                                             
51 As explained in Section 7.3. 
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As LZC technology has the potential to reduce the environmental impact of domestic 

activities52, it provides householders with an opportunity to assess the ‘limitations of their 

‘own green-ness’’ (Hobson, 2006a, p. 329), noting the constraints on change that may be 

imposed by other household members (Reimer & Leslie, 2004). Where it is the potential 

economic savings to be realised by instigating change that most appeals, householders may 

weigh up the notional costs of change, in terms of the time and effort required and the 

disruption it may cause. 

A new association between a householder and a technology will change the circumstances of 

each (Law & Callon, 1992) and has the potential to modify the householder’s identity, as this is 

‘forged in and through relations’ (Massey, 2004, p. 5); alternatively phrased, ‘new linkages 

distinguish the entities in new ways’ (Murdoch, 1997, p. 331). Where technologies instigate 

changes to householders’ actions and views, about themselves and the wider world 

(Oudshoorn et al, 2004), they can be considered to have enabled or promoted a re-shaping of 

these individuals.  

At this point, it is useful to introduce the concept of agency; an entity has agency if it 

demonstrates an ability ‘to be the source and originator of acts’ (Wilhite, 2007, p. 24). At the 

core of ANT is the concept that non-human, as well as human, entities can exhibit agency and 

those that do are referred to as ‘actants’ (Akrich & Latour, 1992, p. 259). Policy-makers (via 

designers and developers) have delegated onto technologies (Paredis, 2011) certain 

responsibilities for delivering reductions in CO2 emissions and they have been designed in 

theory with competences to do so. The effectiveness with which they function will depend, to 

varying degrees, on the ability of the LZC technology (and any associated entities bearing the 

distributed inscription) to enrol the householders into behaving in certain ways. To the degree 

that householders change their actions (and views) as a result of their association with LZC 

technology, it has exhibited agency.  

LZC technology can also be viewed as exhibiting a form of agency when householders 

specifically select their home because of the technology’s presence. Most people will have no 

prior interactions with technologies such as MVHR systems and Lovell (2005, p.819) argues 

that this may hinder the rate at which ‘more active consumer demand’ for low energy housing 

develops. Lovell (2005) held focus group interviews with 14 residents of homes considerably 

more energy-efficient than that required by the Building Regulations at the time, incorporating 

                                                             
52 In CO2 emission terms. 
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MVHR and STHW technologies. Half identified sustainability as the main reason for purchasing 

their home, whilst the rest cited location as the main factor (Lovell, 2005). This study, then, 

highlighted that the dwelling’s sustainability (if not the LZC technology specifically) had 

exhibited a degree of agency in attracting prospective occupants. 

This thesis focuses on households occupying new homes fitted with LZC technology. Apart 

from a few exceptions, these dwellings have no other notable sustainable features beyond 

that required by the Building Regulations and they are not eco-homes or homes built to a 

specified level under the CSH. To what degree, then, does householders’ knowledge of the LZC 

technology in such mainstream new housing influence their home selection process? A study 

of five UK households (NHBC Foundation, 2012d) noted that they were typically unaware of 

the LZC technology before purchasing their home and most did not consider environmental 

performance as a key factor in their home’s selection. Apart from this and two other small-

scale studies (Ghanem, 2008; NHBC Foundation, 2013b), the influence of LZC technology on 

the home selection process remains an under-researched topic.  

Research question: To what degree are LZC technologies actively appropriated in new 

dwellings? (→ Section 6.2) 

Agency can be further conceptualised as either intended or unintended, as viewed from the 

designers’ perspective. When householders subscribe to those actions intended by designers, 

the LZC technology has successfully enacted the intended (or delegated (Akrich & Latour, 

1992; Harty, 2010)) agency. Where householders’ actions, made in response to their 

association with the technology, are outside the set of reactions intended by designers and 

policy-makers (Wilhite, 2007), the technology has enacted an unintended agency. For example, 

where a householder’s views become re-shaped by their interaction with LZC technology, such 

changes open up the potential for affecting their behaviour in other settings unrelated to the 

technology. Such unintended agency53 may be categorised as positive or negative in relation to 

efforts to reduce CO2 emissions. 

I have mentioned scenarios where envisaged CO2 reductions may not transpire; due to misuse, 

indifference to, or rejection of LZC technology, for example. Another scenario is where 

technologies are made use of but, in the process, users’ expectations of energy service 

provision changes. Such a phenomenon was initially observed in studies involving installations 

                                                             
53 As drawn attention to by Davies & Oreszczyn (2012) in their review of unintended consequences 
associated with decarbonising UK housing. 
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of energy efficient technologies, which were found to potentially lead to increases in demand 

for energy consuming services, thereby reducing the potential energy (and cost) savings that 

could be achieved (Sorrell, 2009). This phenomenon is termed a ‘rebound effect’ (Sorrell, 2009, 

p. 1456; Jenkins, Nordhaus, & Shellenberger, 2011). Although a worthwhile area of study, this 

thesis does not extend to a consideration of any rebound effects associated with LZC 

technology. However, Appendix 1 includes a discussion of this topic. 

In terms of the LZC technology-householder association, does this itself act as a change agent 

for others? To what extent does installed technology within one household cause neighbours, 

friends and family to install such technology (through users acting as ‘peer-to-peer 

‘experience’ experts’ (Mlecnik, et al., 2012, p. 471))? In a survey of 39 STHW-retrofitters, three 

quarters identified one of the prompts for this retrofit as being the observation of such 

technology in their neighbourhood or amongst friends and family (Caird & Roy, 2008).  

Similarly, Wilson & Dowlatabadi (2007, p.180) report on studies where early PV-users acted as 

effective change agents to others and ‘supported diffusion more effectively than detailed 

technical information’54. Given the strength of this factor, Caird & Roy (2008) advocate a better 

understanding of the communication pathways at play.  

Research question: To what extent do new home occupants recommend their LZC technology to 

others and have these others proceeded to install technology? (→ Section 9.3) 

 

3.6.2 Structuring the temporal order of activities 

According to Shove (2003), one element typically excluded from user-technology studies is a 

consideration of how technologies influence, or script, users’ activities in time and one way 

technology may exhibit agency pertains to changes they can make to the ‘temporal ordering’ 

of activities (Shove & Walker, 2010, p. 471), where schedules become restructured (Shove, 

2003). The ability of technology to ‘structure the temporal order of interactions and activity’ 

(Preda, 1999, p. 355) within their setting, in order to optimise their performance and 

utilisation, will be of varying relevance for different LZC technologies. Such temporal 

inscriptions are particularly pertinent for STHW systems. In order to optimise the utilisation of 

solar-heated water, and to minimise reliance on conventional heating systems, users may need 

                                                             
54 Mahapatra & Gustavsson (2010) have proposed that householder’s attitudes towards their LZC 

technology may influence the extent to which they recommend it to others.   
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to alter the timing of hot water-using activities. Where solar radiation is significant but 

sufficiently heated water for, say, bathing purposes only becomes available in the afternoon, a 

user intent on relying solely on solar-heated water would need to mould their bathing 

activities around this temporally-determined availability (though this dependency would be 

reduced where heated water can be effectively stored in sufficient quantity until the next day, 

which will effectively ‘delineate supply and demand’ (Staffell, et al., 2010, p. 144)). Given daily 

and seasonal variability in solar radiation, the idealised user (defined here as one who 

maximises CO2 reductions through capitalising on solar-heated water usage) would exhibit a 

high awareness of weather variability (or close attendance to feedback devices), a sufficient 

understanding of how the technology works and a willingness and ability to alter the temporal 

ordering of activities on an on-going basis.  

The ability of STHW systems to temporally order users’ activities relates not just to those 

activities which directly consume hot water; it also relies on the timely flexibility of those 

activities which can only occur subsequent to the consumption of hot water, that is, knock-on 

activities or ‘interrelated practices’ (Southerton, 2006, p. 435). Hand et al. (2005), for example, 

draw attention to the role that showering plays in getting ready in the morning or in preparing 

to go out. Additionally, temporal re-ordering relies on the willingness of users to alter the 

timing of other activities that are dislodged from their customary time slots by the solar-driven 

and fluid reconfiguration of daily activities. In reality, to what extent can STHW systems be 

considered ‘as nodes around which other elements […] are temporally centred’ and to what 

extent, then, can such systems be said to demonstrate ‘agency in temporal affairs’ (Preda, 

1999, p. 355)? In a survey of active and passive LZC technology adopters, evidence of load 

shifting55 was found in certain UK households who bathed or showered at times when solar-

heated water had become available (Dobbyn & Thomas, 2005). In a further UK survey of 39 

STHW retrofitters, 47% tried to make use of solar-heated water by deferring the timing of 

activities such as showering (Caird & Roy, 2008). 

The need to pay attention to the UK weather is also required when striving to maximise 

savings from PV installations (Nye, Whitmarsh, & Foxon, 2010). Typically, a household’s daily 

electrical demand profile differs from the PV-generation profile (Bahaj & James, 2007) but, due 

to variance between generation, export and import tariffs, it is financially advantageous to 

maximise the use of electricity at the time it is generated (CSE, 2012; McManus, Gaterell, & 

                                                             
55 Load shifting occurs when energy-consuming activities are timed to tie in with the variable generation 
of renewable energy through the day. 
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Coates, 2010). Research into behavioural responses to PV systems cites evidence of load 

shifting occurring in some studies (Keirstead, 2007; Abdel-Wahab, Moore, & MacDonald, 2011; 

Monahan, 201356) but very little in others (Bahaj & James, 2007). Abdel-Wahab et al. (2011) 

comment that the ease with which residents are able to alter their habits varies. This finding is 

supported by a survey of 229 PV households (a mix of new build and retrofits) in which 24% of 

users stated that they had instigated some degree of load shifting, whereby washing 

appliances had been re-scheduled to run during the day to make use of PV-generated 

electricity (Munzinger et al, 2006). Reasons for why others were not load shifting were 

suggested as being potentially attributable to people being out during the day,  a lack of timer-

fitted appliances, and a lack of understanding as to the benefits of using electrical devices to 

coincide with the generation of PV electricity (Munzinger, et al., 2006, p.72). Research by 

Hargreaves et al. (2010, p. 6117) on smart metering57 also suggests that households may 

require ‘significant financial incentives’58 before load shifting would be contemplated and 

many householders noted that their ability to control the timing of activities was restricted. 

The performance of solar-based LZC technology is particularly influenced by the seasons. For 

those that align their activities (to varying degrees) with daily outputs from STHW and PV 

systems, the seasons will impose a necessary periodic readjustment of this alignment.  

Research question: To what degree does LZC technology exhibit agency in everyday temporal 

affairs? (→ Section 7.4) 

Research question: To what extent does feedback from LZC technology engage householders 

and shape actions? (→ Sections 7.4) 

 

3.7 Assisting & learning from users 

As the building industry moves incrementally towards zero-carbon homes (Section 2.3), the 

extent to which set standards will actually be achieved is uncertain as evidence already 

suggests that new homes may miss regulatory CO2 emission targets (DCLG, 2012a; NHBC 

Foundation, 2012c; Banfill & Peacock, 2007; Pan & Garmston, 2012b; Bell, et al., 2010) by a 

                                                             
56 In Monahan’s (2013) research, one PV-user had purchased timers for appliances to facilitate load 
shifting. 
57 Which can be considered as ‘mediating technologies’ (Furlong, 2010, p. 463) designed to increase the 
visibility of energy consumption. 
58 With regards to the role of financial incentives, Nye et al. (2010) suggest that variable electricity tariffs 
designed to shift consumption away from peak periods (introduced in parallel to smart meters) could 
assist with redistributing temporal patterns of consumption. 
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‘wide margin’, a situation described as a ‘CO2 performance gap’ (NHBC Foundation, 2012a, p. 

iii) or energy performance gap (Zero Carbon Hub, 2014). The NHBC Foundation (2012a) focuses 

on addressing this disparity between as-designed and actual performance by considering 

issues such as how CO2 predictions are calculated; whether there is a mismatch between 

available construction skills and those required by advancing house designs (see also Jagger, 

Foxon, & Gouldson (2013)); and whether post-construction testing and checking is sufficient. 

In addressing the modelling methodology currently used to predict a dwelling’s CO2 emissions, 

DECC (2011b) indicates it is to be aligned more closely with the potential of LZC technology. 

The Government has also consulted on the introduction of a new quality assurance process for 

the house-building sector to address the CO2 performance gap (DCLG, 2012b) but some 

representatives from the building control sector argue instead for strengthening inspection 

work and post-construction testing (DCLG, 2012b). 

Learning from users as to how and why they interact with technology as they do provides an 

opportunity for policy-makers and developers/designers to appraise how they might intervene 

to improve the design, installation and use of these technologies (NHBC Foundation, 2011b; 

Janda, 2011). Rohracher’s (2003) research pertaining to MVHR systems in Austria, however, 

illustrates that such learning processes are limited and disorderly, unassisted by the nature of 

the relevant institutions and availability of communication pathways.  In posing the question of 

how policy could be used to promote learning processes between users, producers and other 

relevant players, Rohracher’s (2003, p. 189) research suggests: 

‘improving the institutional framework to support learning processes59 or directly 
intervening (or participating) in the networks of actors to induce further learning 
processes.’ 

This view is supported by research undertaken on social housing in the UK (EST, 2011a; Abdel-

Wahab, Moore, & MacDonald, 2011; Kirwan, 2007), where pertinent success factors were 

identified as ‘education, user training programmes and on-going support’ (EST, 2011a, p.20). 

These factors were particularly key where changes to occupants’ behaviour were needed to 

optimise systems, such as understanding the need to switch immersion heaters off unless 

required when STHW systems were installed (EST, 2011a). In this study, the need for ‘simple 

and familiar’ controls was seen as particularly important for what they considered to be ‘more 

vulnerable tenants’ (EST, 2011a, p. 20). To assist with enhancing the performance of LZC 

technology, the National Housing Federation (2010, p.6) has published guidance whose ‘key 

                                                             
59 One option for supporting learning processes could involve technology users ‘defining further design 
requirements’ that could be incorporated into future installations (Rohracher, 2003, p. 189). 
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lesson’ is that these technologies cannot be fitted and forgotten but require ‘ongoing 

monitoring, education and advice’ and ‘changes to behaviour’ to realise CO2 reductions.  

This recommendation concurs with other research where the provision of improved advice to 

users was considered key (EST, 2011b; Dobbyn & Thomas, 2005; NHBC Foundation, 2011b), 

though the NHBC Foundation (2012c) reports on unpublished research suggesting some 

householders may not refer to the manuals provided at all, leading to a potentially increased 

probability that technologies will not be optimised. This has indeed been observed by 

Monahan (2013) in her study of 15 new social housing units (13 of which had LZC 

technologies), where only 36% of households had referred to the tenants pack provided. The 

NHBC Foundation (2012c) consequently calls for additional research into whether manuals are 

used and in what ways they can be enhanced with respect to content, presentation and timing 

of provision.   

Research question: What are householders’ perceptions of the written instructions provided for 

LZC technology? (→ Section 6.3) 

Research question: Which sources of information do householders refer to in order to improve 

their understanding of LZC technology? (→ Section 7.2)  

The National Housing Federation (2010) has gone further in recommending that housing 

associations undertake post-occupancy evaluations (POEs) for up to two years to track and 

help optimise LZC technology performance. Beyond troubleshooting, they advocate obtaining 

feedback on residents’ experiences, covering issues such as their ‘understanding of controls, 

thermal comfort levels, noise levels, general perceptions and overall satisfaction’ (National 

Housing Federation, 2010, p. 16). This wide interpretation of POEs is advocated by certain 

researchers who variously contend that, in addition to assessing how a building is performing, 

it is also important to establish ‘how the household performs’ (Vale & Vale, 2010, p. 586); the 

effectiveness of the induction process (Stevenson & Rijal, 2010); the usability of technology-

user interfaces (Stevenson & Rijal, 2010; Stevenson, Carmona-Andreu, & Hancock, 2013); the 

impact of behaviours on energy consumption (Gill, et al., 2010); and to highlight the reasons 

underlying householders’ behaviour in relation to energy consumption (Stevenson & Leaman, 

2010). 

Research question: What verbal instruction on LZC technology is provided on moving in?         

(→ Section 6.4) 
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Currently, a requirement for POE does not form part of the UK Government’s drive to deliver 

low carbon housing and extensive information on the in-use energy performance of new 

dwellings is lacking  (Stevenson & Leaman, 2010). Without effective feedback to policy-makers 

and enforcers, there ‘is no continued duty of care or responsibility beyond the planning 

application and building permit process’, as commented on by an interviewee in Moore & 

Rydin’s (2008, p.251) research on sustainable construction. Feedback to architects, designers 

and developers is also key if deficiencies in design and hand-over procedures are to be 

rectified (Stevenson & Rijal, 2010; NHBC Foundation, 2012c). In DCLG’s (2012) consultation on 

changes to the Building Regulations, the development of a quality assurance standard to 

improve design and construction standards is discussed, and it is suggested that integral to 

such a standard would be the introduction by house-builders of feedback mechanisms to 

promote improvements in performance. The extent to which developers of mainstream new 

housing currently seek feedback on LZC technology is unknown. 

Research question: Has any on-going communication been received or feedback sought in 

relation to the LZC installation? (→ Section 8.3.1) 

 

3.8 Conclusions 

As examined in this chapter, published research on LZC technology-user associations is based 

mainly either on studies of retrofitted systems within private and social sector housing or on 

installations within specific new developments built to high environmental and/or nearly zero-

energy standards. This new housing is untypical of new mainstream housing equipped with LZC 

technology. 

Absent from the research literature are any studies founded on LZC technology-user 

associations as observed across the geographical area of a local authority, and one in which 

most new dwellings built over recent years have had LZC technology installed to meet a LZC 

energy policy.  The undertaking of such research has several advantages. Firstly, it provides an 

insight into what LZC technology developers select to comply with Merton Rule-type policies60. 

It would consequently provide an indication of which LZC technologies will be selected by 

developers to comply with increasingly stringent energy performance standards as specified by 

                                                             
60 There has been some research into the range of LZC technology types different developers select from 
to comply with the CSH, but this did not obtain data on the number of installations of each type installed 
(Lees & Sexton, 2014). 
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the Building Regulations. Secondly, by selecting a geographical area specific to one local 

authority, the research enables a targeted assessment to be made of the outcomes from the 

implementation of a specific policy. Lastly, by encompassing all new developments built since 

the introduction of the relevant policy within the research, a more comprehensive, 

geographically-grounded piece of research can be conducted, which seeks to include all sizes 

and types of developments, neighbourhoods, occupants and technologies.  

Through the discussion in this chapter, certain research questions have emerged as posing 

worthwhile areas of research that can contribute to the extant academic literature. The 

phrasing and derivation of some of these research questions are derived in part from the 

technology studies version of domestication theory, as discussed within Chapter 4. A summary 

of the research questions is presented at the end of Chapter 4. 
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Chapter 4: Theoretical & methodological approaches 

4.1 Introduction 

In Chapter 3, I reviewed the academic research which has contributed to current 

understandings of LZC technology-householder associations.  In presenting this review, I 

adopted a socio-technical perspective as two strands of this perspective, namely 

domestication theory and ANT, have guided the research. Some of the pertinent concepts 

pertaining to these approaches have therefore been discussed previously.  

In Section 4.2, I start by providing a more in-depth discussion of domestication theory and 

proceed to provide an account of the technology studies version of domestication, which 

incorporates aspects of ANT. I then demonstrate how this version provides a useful framework 

for studying the socio-technical associations between householders, LZC technology and other 

pertinent entities, and how it has informed the derivation of certain research questions.  

The aim of the research was to use the technology studies version of domestication theory in 

an interventionist way (Vikkelsø, 2007). The approach was employed to generate a description 

(and explanation) of the state of LZC technology-user associations within the selected 

population. The aim of the research was then to use these findings to guide the formulation of 

interventionist strategies aimed at improving the CO2 reduction potential of LZC technology-

householder associations within the selected population; specifically, the last research phase 

was to constitute a form of action research, as discussed in Section 4.3.  

Section 4.4 concludes the chapter with a summary of the research questions distilled from the 

discussions within Chapters 3 and 4. 

 

4.2 Technology studies version of domestication 

4.2.1 Introduction 

Domestication theory (introduced in Chapter 3) emanated from information and 

communication technology (ICT) studies and has been mainly employed to study the 

‘acceptance, rejection and use’ (Berker, et al., 2006, p. 1) of technologies such as television, 

computers and the internet (Harwood, 2011). It has also been used more widely within STS 

research (Berker, et al., 2006; Carter, Green, & Thorogood, 2013), in research pertaining to the 



 

 

[65] 

 

appropriation of knowledge (Ryghaug, Sørensen, & Næss, 2011), the domestication of public 

spaces (Koch & Latham, 2013), and the study of smart energy monitors (Hargreaves, Nye, & 

Burgess, 2013) and LZC technology by human geographers (Ghanem, 2008; Wrapson & Devine-

Wright, 2014)61.  Building on the ‘micro-sociological’ (Silverstone, 1993, p. 227) domestication 

approach, Sørensen (2006) incorporates aspects of ANT within his studies of how technology-

user associations develop. 

In this section, I discuss some of the pertinent tenets of domestication theory. I then present 

Sørensen’s (2006) version of this approach, followed by an explanation of how applying this 

version can elicit insights into how LZC technology-user associations develop.  

 

4.2.2 Domestication theory 

Origins, concepts and applications 

In the early 1990s, domestication theory focused on socio-technical changes pertaining to ICT 

that were occurring at the individual and household level (Silverstone & Haddon, 1996). It 

theorised how these technologies, actively purchased for the home, came to be domesticated, 

giving attention to ‘the dispersed and often dissonant micro-developments’ occurring 

(Bakardjieva, 2006, p. 64). The approach aims to elucidate how technologies become 

embedded in everyday lives through their integration ‘into the structures, daily routines and 

values of users’ (Berker, et al., 2006, p. 2), attending to how technology is functionally and 

symbolically enrolled into homely activities.  

Domestication theory acknowledges that in the process of enrolling a new technology into a 

particular setting, both the technology and the user(s) may change (Silverstone, 2006; Hynes & 

Rommes, 2006; Silverstone, Hirsch, & Morley, 1992): 

‘We are also consumed by the artefacts when they gain our attention and have us 
react to them and become occupied by their abilities, functions and forms.’ (Lie & 
Sørensen, 1996, p. 8) 

This process of change is recognised as being potentially on-going (Aune, 1996) and non-linear 

(Lie & Sørensen, 1996). As noted in Section 3.2.1, domestication theory is viewed as employing 

a more user-centred perspective on technology than ANT (Sørensen, Aune, & Hatling, 2000). 

                                                             
61 Others have combined aspects of domestication theory with ideas from practice theory to help 
understand how new technologies bring about changes in consumer practices (Gram-Hanssen, 2011; 
McMeekin & Southerton, 2012). 
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Within ANT, the point of reference is the designers’ intention for how the technology should 

be used (Akrich & Latour, 1992). With domestication, the point of reference is the user of the 

technology and their relationship with it (Silverstone & Haddon, 1996). In some sense, 

domestication refers to the sequential phases of a process, or a series of trials (Section 3.4), 

through which the technology-user association develops. This process, viewed from the user’s 

perspective, does not need necessarily to incorporate any direct reference to what the 

designers’ intentions were for the technology (Laegran, 2005). 

Work to domesticate a new technology is considered to operate at up to three levels: 

‘Domestication processes include symbolic work, in which people create symbolic 
meanings of artifacts and adopt or transform the meanings inscribed in the 
technology; practical work, in which users develop a pattern of use to integrate 
artifacts into their daily routines; and cognitive work, which includes learning about 
artifacts.’ (Oudshoorn & Pinch, 2005, p. 14) 

In addition to operating at these functional, symbolic and cognitive levels, the theory 

conceptualises the enrolment process as involving four notional components: appropriation, 

objectification, incorporation and conversion (Silverstone, 2006; Lie & Sørensen, 1996), which 

make the process of domestication ‘more analytically tangible’ (Aune, 1996, p. 94). These 

components are not regarded as rigid, sequential stages of a linear process, but as 

overlapping, contributory processes that provide a framework for analysing and representing 

the ways in which householders and technologies interact. Not all four stages may be passed 

through (Hynes & Rommes, 2006) and, once domesticated, technologies may become de-

domesticated or re-domesticated at later times. Additional aspects to domestication theory 

include moral economy62 and double articulation63 (Silverstone, 2006; Silverstone, Hirsch, & 

Morley, 1992); these aspects apply more to the specific nature of ICT and the content of the 

communications and messages that they introduce into the home, and are deemed somewhat 

less applicable to this research on LZC technology. Domestication’s four components are now 

outlined in turn. 

                                                             
62 For Ward (2006, p. 148), the household’s moral economy refers to the process whereby: 
‘commodities are appropriated from the ‘formal’ economy and brought into the domestic sphere, 
where they are inscribed with private meanings and transformed into acceptable symbolic objects, 
which construct and articulate the values of the home.’ The concept is further explained by Silverstone 
et al. (1992). 
63 The concept of double articulation refers to certain technologies that represent objects and media. 
These technologies, such as televisions, are consumed in two ways: both as objects and through the 
content of the television programmes they deliver into the home (Silverstone, Hirsch, & Morley, 1992). 
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Appropriation of technology, or a less material entity such as media content, occurs at the 

point at which it is bought (Silverstone, Hirsch, & Morley, 1992) or otherwise acquired 

(Laegran, 2005) and taken ownership of. In Silverstone’s (2006, p.233/234) account, 

commodification ‘prepares the ground for the initial appropriation of a new technology’ and 

this early stage of domestication incorporates aspects of the technology’s design and 

marketing, and also relevant aspects of public policy that might relate to its acquisition. The 

meaning attached to a technology may change as it transfers from the public realm to the 

specifics of any particular private sphere, and its appropriation may be ‘central to an 

individual’s or a household’s efforts at self-creation’ (Silverstone, Hirsch, & Morley, 1992, p. 

22). 

Objectification relates to how the technology is located in terms of the ‘material, social and 

cultural spaces of the home’ (Silverstone, 2006, p. 235). For example, for a moveable 

technology, objectification encompasses where it is placed or displayed. Objectification also 

encompasses the placement of technology within thought processes (or ‘mental space’ 

(Laegran, 2005, p. 82)) and its positioning within intra-household relationships, including 

whether it brings changes to prevailing gendered practices. Silverstone, Hirsch, & Morley 

(1992, 23) assert that: 

‘An understanding of the dynamics of objectification in the household will also throw 
into strong relief the pattern of spatial differentiation (private, shared, contested; 
adult, child; male, female, etc.) that provides the basis for the geography of the home.’ 

Silverstone, Hirsch, & Morley (1992) also explore the concept of objectification for less 

material entities, such as television programmes, and highlight how the content of these 

become objectified through intra-household discussions. 

Incorporation pertains to how new technologies (and other material/non-material entities) 

and their associated routines are inserted into ‘the temporal patterns of domestic life’ 

(Silverstone, 2006, p. 235). Hynes & Rommes (2006, p.129) state that ‘in order to become 

functional, a technology has to find a place in the routines of daily life’ where ‘the main focus 

is a temporal one (when it is used and for how long).’ Silverstone, Hirsch, & Morley (1992) also 

view incorporation as involving articulations of both gender and age in determining who uses, 

or is excluded from using, the technology. This process of incorporation, for example, 

reinforces ‘a family’s gendered culture of technology’ (Silverstone, Hirsch, & Morley, 1992, p. 

25).  
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Together, the ways in which technologies are objectified and incorporated (which overlap in 

their explanatory remits) into a given household contributes to the on-going processes which 

forge the identities of, and lead to the differentiation between, household members; it also 

contributes to the identification and differentiation between households (Silverstone, Hirsch, 

& Morley, 1992). 

Conversion, the remaining component of domestication, involves connecting with others 

outside the home in relation to the appropriated technology, where discussions involve ‘the 

sharing of the pride of ownership, as well as its frustrations' (Silverstone, 2006, p. 234). 

Hereby, the personal, symbolic meanings assigned to the technology and information relating 

to how it performs, for example, are communicated to family, neighbours and acquaintances; 

in so doing, users serve as ‘warm experts’ on the technology to others (Bakardjieva, 2006, p. 

67). Through this conversion, the technology and its use contributes to the shaping of relations 

between users and others beyond the home (Oudshoorn & Pinch, 2005). Householders, for 

example, may employ technologies as ‘tools for making status claims and for expressing a 

specific lifestyle’ (Oudshoorn & Pinch, 2005, p. 15). 

The airing of personal meanings assigned to technology also contributes to the on-going 

development of the public meanings attached to them (Hynes & Rommes, 2006). For example, 

Hynes & Rommes (2006, p.128) note how: 

‘conversion is of importance in explaining how potential new users gain their 
representations of computers, once again starting the domestication process for new 
users.’ 

Peine & Herrmann (2012, p.1500) consider that: 

‘Through conversion the local work of users contributes to the generalization and 
stabilization of a technology’s identity in the public sphere as well. In principle, 
therefore, domestication describes a collective and cumulative learning process ...’ 

Without this conversion, the processes of appropriation, objectification and incorporation and 

their outcomes remain hidden within the confines of the home and do not contribute, for 

instance, to the development of domestication trajectories in other homes. In such cases, 

domestication processes have no ‘public consequence’ (Silverstone, Hirsch, & Morley, 1992, p. 

26). 

In critiquing domestication theory, Mackay (2008, p.378) is concerned at the ‘breadth of 

issues’ addressed and the ‘broad-ranging and flexible’ ways in which it is utilised, suggesting 
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this inconsistency may detract from the concept’s usefulness.  From reading various research 

accounts, I note that the emphasis on the four domestication components may vary with the 

setting under study, but the usefulness of the concept in generating insights into the 

development and variety of technology-user interactions is drawn attention to by researchers 

(see Carter, Green, & Thorogood (2013), for example), countering this criticism. Additionally, 

Mackay (2008, p.379) asks ‘where is the technology that it is claimed is being shaped?’ Here, 

he appears to expect accounts of how technological designs have been influenced by users. 

This sort of historical research would need to span extended periods of time and is not the 

focus of much of what is published. Instead, it is at the micro-sociological, user-specific level 

that accounts of technological shaping are given, as with this research. Here, Mackay’s (2008) 

criticisms would appear misplaced.  

According to Hynes & Rommes (2006, p. 125): 

‘Little attention has been paid to domestication processes that are problematic, 
reversed, stopped altogether, or influenced by factors such as the availability of 
resources …’ 

They conclude that the domestication concept ‘ignores the diversity of users’ (Hynes & 

Rommes, 2006, p. 125), but this would seem to relate to how the concept is applied and how 

those that are researched are selected. In this research, I specifically attend to the diversity of 

users and what this means for the processes of domestication. For some householders, the 

domestication of LZC technology may prove problematic (where, for example, they object to 

the technology) and attention will be paid to the factors that contribute to any such state of 

affairs. 

 

4.2.3 Technology studies version of domestication 

Certain researchers have developed a version of domestication theory more aligned with 

ANT’s sensibilities (Lie & Sørensen, 1996; Sørensen, 2006; Sørensen, 2004), termed the 

‘technology studies version’ of domestication (Berker, et al., 2006, p.10). Herein, technology is 

not regarded as a mere artefact but as being comprised of a set of socio-technical relations 

and, through the domestication process, the socio-technical relations of the user and the 

technology alter (Silverstone, 2006; Sørensen, 2004).  

Given the spatially localised nature of many domestication studies, the concept of micro-

networks or socio-technical ensembles (Sørensen, Aune, & Hatling, 2000) has been introduced 
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into the technology studies version of domestication64.  At the same time, this approach 

extends the domestication process beyond the household to consider the extent to which 

there is an institutional framework to ‘support and regulate’ the technology’s use (Sørensen, 

2006, p. 47). In this way, the wider socio-technical network relating to the technology is 

encompassed within any analysis to the extent that this wider network influences the 

technology’s domestication65.  

In analysing the modes of use for a technology, the technology studies version of 

domestication incorporates ANT concepts such as scripts66 and associations. With the latter, 

Sørensen (2006, p.47) regards domestication ‘as the process through which an artefact 

becomes associated with practices, meanings, people and other artefacts’; in other words, 

how the technology’s socio-technical network comes to be. The domestication of technology is 

also interpreted through the lens of ANT as the ways in which users come to read, understand 

and act upon the technology’s ‘script’ (Akrich & Latour, 1992, p. 259) or ‘programme of action’ 

(Latour, 1992, p. 233). Other concepts such as immutable mobiles67 (Law & Singleton, 2005; 

Latour, 1986), ‘black boxes’68 (Latour, 1994, p. 36) and ‘anti-programs’69 (Akrich & Latour, 

1992, p. 261) are also useful when analysing and describing the ways in which, and the extent 

to which, technologies become domesticated.  

The preceeding paragraphs discuss the contributions ANT makes to domestication theory. 

Domestication theory also contributes to ANT in that it can provide, firstly, a temporal 

framework for studying the development of associations between specific users and specific 

technologies (Sørensen, 2006; Sørensen, 2004), providing a ‘microhistory’ (Brosveet & 

Sørensen, 2000, p. 264) of an association. Domestication theory also provides a framework for 

thinking through how and why these associations develop over time at the symbolic, 

functional and cognitive levels, as the technologies become progressively domesticated (or 

re/de-domesticated).   

                                                             
64 Although ANT is often applied to the study of extensive networks with a multitude of enrolled entities 
(such as Lepawsky & Mather’s (2011) research into the global circulation of electronic waste), ANT is 
also used in the study of more limited networks and even single links (such as Sheehan’s (2011) work on 
the relationship between researchers and research participants). 
65 Brosveet & Sørensen (2000), for example, in their application of the technology studies version of 

domestication, extended their analysis of multimedia adoption up to the national level in Norway. 
66 Discussed in Section 3.4.1. 
67 Discussed in Section 3.4.2. 
68 Discussed in Section 3.4.2. 
69 Discussed in Section 3.4.5. 
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Sørensen (2006, p.56) describes how the ways in which an individual (or household) 

domesticates a technology will be ‘disciplined through expectations and norms’ and will 

contribute (through the conversion process) to formulating the expectations and norms that 

others then are disciplined by, thus helping to shape future domestication trajectories. With a 

newly introduced technology, users’ expectations of it may be misplaced and norms pertaining 

to it may as yet be undeveloped; in such undisciplined situations, a wide range of 

domestication trajectories might unfold (Sørensen, Aune, & Hatling, 2000). The range of 

domestication trajectories pertaining to LZC technology in new homes is an issue I attend to in 

this research. 

 

4.2.4 Application of the technology studies version of domestication theory  

Considering the four domestication components in turn, the application of the technology 

studies version of domestication theory to this research is discussed. 

Appropriation of LZC technology: New home occupants are generally not involved in the 

selection of pre-installed LZC technology. Thus, these households have not selected such 

technology as singular commodities; instead, they form part of the home which can be viewed 

as a large-scale commodity which the households come to possess and inhabit. The degree to 

which the incumbent LZC technology represented a desirable feature, and the degree to which 

it can therefore be viewed as actively contributing to the home’s marketability (as discussed in 

Section 3.6.1), is a research question addressed by this study: 

Research question: To what degree are LZC technologies actively appropriated in new   

dwellings? (→ Section 6.2) 

The degree of appropriation will be influenced by the extent to which information on these 

technologies formed part of the marketing material and sales pitch from the developer, 

landlord or agent, and this is explored. It should be remembered that the developers in this 

research have typically installed LZC technology to comply with the local planning policy rather 

than to provide more sustainable housing by choice. The extent to which the technology is 

drawn attention to may reflect the degree to which there is confidence that it adds to, rather 

than detracts from, the home’s appeal.  

Objectification of LZC technology: With regards to LZC technology in new homes, the physical 

aspect of objectification is restricted by the fixed positioning of the technology and its 
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associated devices, as determined by the dwelling’s designers. The ways in which the 

technology has been physically embedded, however, may influence how it comes to be 

domesticated (see Section 3.4.1), and I will evaluate this for different technology types:  

Research question: How are users configured by the design, placement and settings of LZC 

technology (→ Section 7.3) 

The ways in which technology is positioned with respect to intra-household relationships is 

also questioned. Hynes & Rommes (2006, p.128) advocate attending to who in the household 

makes the decision to domesticate a technology, ‘rather than studying the family as a unit and 

ignoring the different positions of various family members.’ Within this research, it is 

developers who have selected and installed LZC technology (within the confines set by local 

policy-makers). However, the fuller processes of domestication may throw up differences 

between household members and the summing up of such differences across a range of 

households may highlight patterns of gendered or other differentiation.  

Lie & Sørensen (1996, p.21/21) note that gender issues are often presented, or argued, in non-

gender terms, such as ‘“familiar/non-familiar”, “competent/non-competent”, and 

“interested/uninterested”’.  Given that these technologies will typically have been previously 

untested within each household, and therefore not previously ‘assigned gender characteristics’ 

(Sætnan, 1996, p. 37), the elements of this gendering process may yet be discernible and 

emergent. The ways in which the domestication of these technologies is re-enforcing or 

shifting ‘gendered identities’ (Lie, 1996, p. 205; Oudshoorn & Pinch, 2005) is an under-

researched area that this thesis contributes to: 

Research question: Do LZC technologies slot into existing gendered patterns of everyday life? 

(→ Section 9.2) 

Just as the content of media technologies can be seen to be comprised of the information, 

messages and entertainment that they deliver, so the content of LZC technology could possibly 

be viewed as the renewable or low carbon space heating, hot water and/or electricity that it 

generates and makes available to occupants. I consider the extent to which LZC technology 

and its content are objectified through intra-household discussions in Section 9.2. 

The objectification of technology is also constituted by the meanings ascribed to it and the 

research considers the differences in meaning ascribed to LZC technology (see Section 3.3): 
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Research question: What symbolic meanings do new home occupants attach to LZC technology, 

and do these ascribed meanings affect how the technology is used? (→ Section 9.4) 

Incorporation of LZC technology: The functionality and benefits of LZC technology is 

influenced, to varying degrees depending on the technology type, by how it is incorporated 

into daily and periodic routines, as discussed in Chapter 3. Such incorporation may, for 

example, involve changes to the timing of certain activities and the monitoring of the 

technology in various ways (such as through engagement with feedback devices and sensory 

forms of feedback) (see Section 3.6.2). The range of ways in which different technologies are 

incorporated into household routines will be assessed in this research: 

Research question: To what degree does LZC technology exhibit agency in everyday temporal 

affairs? (→ Section 7.4) 

Research question: To what extent does feedback from LZC technology engage householders 

and shape actions? (→ Sections 7.4) 

Conversion of LZC technology: At the conversion stage, the personal meanings assigned to LZC 

technology and information relating to how it works and performs is communicated by 

householders to others. As noted previously, the circulation of personal meanings contributes 

to the on-going development of the meanings attached to these technologies by associated 

others (Hynes & Rommes, 2006). This may then influence the course of domestication 

processes followed by these others if they are or become users of the technology, as discussed 

in Section 3.6.1. Future new users encompass those that actively purchase and retrofit LZC 

technology and those that actively or passively acquire such technology when purchasing or 

renting homes fitted with them. For existing users, these conversion stages within others’ 

domestication processes have the potential to lead to changes in the way that they 

domesticate their own technology. In this research, I assess the extent to which householders 

engage with the conversion stage of domestication: 

Research question: To what extent do households in a given development provide LZC 

technology-related support to each other? (→ Section 9.3) 

Research question: To what extent do new home occupants recommend their LZC technology to 

others and have these others proceeded to install technology? (→ Section 9.3) 

This research reflects on the nature of domestication processes observed in multiple 

households. According to Bakardjieva (2006, p. 71): 
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‘Not enough reflection has been done on what the results of domestication processes 
are and what they add up to when similarities and differences in patterns of use across 
households are examined.’ 

She goes on to enquire whether domestication theory can: 

‘furnish a critique, an examination of domestic practices and their larger social 
consequences from a normative perspective oriented toward change?’ (Bakardjieva, 
2006, p. 71) 

With the desired outcome from the policy-makers’ perspective taken to be the optimisation of 

installed LZC technology, I evaluate the research findings in Chapter 10 to identify what 

changes (such as to structures, routines and communications) might help deliver 

improvements to the current situation.  

Sørensen (1997, p.5) comments that:  

‘The outcome of a collective process of domestication of a technology may be that it 
becomes entrenched. This means that the technology is made part of a stable 
sociotechnical arrangement in a way that makes it increasingly difficult to do away 
with.’ 

Where entrenched technologies (such as conventional heating systems) are substituted or 

supplemented with new technologies, the domestication of these ‘may be a source of 

destabilisation in the sense that new meanings or new practices may be constructed’ 

(Sørensen, 1997, p. 5). Where new technologies require a change in current routines in order 

to optimise their functionality (as with certain LZC technologies), a process of destabilisation 

and restabilisation is an important component of a successful domestication process70. 

However, Sørensen et al. (2000, p. 253) highlight that ‘knowledge cannot be assumed to 

piggyback upon technology’, and the extent and manner in which knowledge relevant to 

optimising LZC technologies has been successfully transferred to users is considered in this 

research (see Section 3.7): 

Research question: What are householders’ perceptions of the written instructions provided for 

LZC technology? (→ Section 6.3) 

Research question: What verbal instruction on LZC technology is provided on moving in?         

(→ Section 6.4) 

                                                             
70 According to Berker (2011, p.261): ‘Successful domestication is defined as mutual adaptation including 
practical, symbolic and cognitive activities. If one of these dimensions is absent, then domestication is 
not complete.’ 
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As highlighted previously, once domesticated new technologies may later become de-

domesticated or re-domesticated (Hynes & Rommes, 2006). This notion of re-domestication is 

particularly apt for LZC technology. When current occupants move elsewhere and those from 

elsewhere move in, the process of domestication re-commences, though from a different 

starting point or set of socio-technical relations. The identity of the user(s) will have changed 

(along with their knowledge, abilities, values and wider network of human and non-human 

entities) and the technology’s performance may have deteriorated due to a lack of 

maintenance.  Relevant guidance documentation on the technology may have been mislaid 

but, on the other hand, the former occupants may impart valuable advice to the new 

householders at the handover stage. This aspect of re-domestication is assessed:  

Research question: What knowledge do departing residents impart to new users of LZC 

technology? (→ Section 6.5) 

As discussed in Section 3.4.4, Lehtonen (2003, p.364) interprets domestication as a series of 

‘trials’ which concern the user, the technology and other pertinent entities (Lehtonen, 2003). 

The nature of such trials, which contribute to the development of LZC technology-user 

associations, is questioned in this research:  

Research question: What trials (experiences, interactions or receipt of new knowledge) trigger 

householders to shift and re-stabilise their socio-technical relations as part of the on-going 

domestication process? (→Sections 7.5 & 10.6) 

In this section, I have demonstrated how the technology studies version of domestication 

theory provides a useful framework for studying the socio-technical associations between 

householders, LZC technology and other pertinent entities, and I have demonstrated how the 

theory has influenced the derivation of certain research questions. The aim of the research 

was to use the technology studies version of domestication theory in an interventionist way 

(Vikkelsø, 2007). The approach was employed to generate a description (and explanation) of 

the state of LZC technology-user associations within the selected population. The aim of the 

research was then to use these findings to guide the formulation of interventionist strategies 

aimed at improving the CO2 reduction potential of LZC technology-householder associations 

within the selected population; specifically, the last research phase was to constitute a form of 

action research, as now discussed. 
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4.3 Action research & participatory action research 

In this section, I briefly consider the action research mode of inquiry, which was to underpin 

the final research phase (see Section 5.3). This phase did not proceed as envisaged as the 

research participants did not sufficiently engage with it (see Section 5.4.3). However, the 

underlying intentions of the action research approach contributed to the formulation of the 

research design and it is therefore drawn attention to in this section (and further discussed in 

Appendix 2). 

The purpose of action research is to, firstly, gain an improved understanding of a particular 

situation (via the generation of relevant knowledge) and to, secondly, facilitate a desired 

change to that situation (Helmfrid, Haden, & Ljung, 2008; Barton, Stephens, & Haslett, 2009). 

This second stage differentiates action research from traditional scientific research, where the 

prime motivation is to understand a situation but not to directly strive to change it (as 

elaborated on in Appendix 2).  

Within human geography, Pain (2003) identifies three forms of action research: activist, 

participatory and policy-related, acknowledging that these research modes ‘are not discrete 

but often overlap in practice’ (Pain, 2003, p. 651). It was intended that this research would 

employ elements of each of these modes. Firstly, the research incorporated an activist 

element as it was my normative goals relating to climate change that set the overall direction 

for the research. Secondly, participatory action research (PAR) (as discussed in Appendix 2) 

refers to the end of the action research spectrum of approaches where the focus is on fuller 

active participation by those involved in the research, which was sought in the final research 

phase. Thirdly, the subject matter underpinning the research was policy-relevant, pertaining to 

both local and central government policy (see Sections 2.4 and 2.3 respectively).  

The first two research phases (a survey and interviews, as detailed in Section 5.3) were 

conducted on householders. The third research phase was intended to be more participatory, 

as subsequent stages of research planning and action were envisaged as being jointly 

developed with participating householders, to meet their own needs.  A more in depth 

evaluation of this element of the intended research approach (that did not transpire) is 

provided in Appendix 2.  In Sections 5.3 and 5.4, I discuss the endeavours made to promote the 

research’s PAR component and consider why this was unsuccessful.  In Section 10.7.1, I explain 

the change in research trajectory that ensued. 
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4.4 Research questions  

Within the literature review, encompassing Chapters 3 and 4, I have highlighted various 

research questions which will aid further understandings of how new home occupants come to 

use, regard, interact with and be influenced by pre-installed LZC technology. Addressing these 

research questions has (1) helped focus and guide the research design, data analysis and 

discussion generated, (2) helped ensure the research contributes to the extant academic 

literature and (3) contributed to creating knowledge of relevance to attempts to reduce CO2 

emissions from new builds71. Overall, addressing the research questions will contribute to a 

better understanding of the extent and manner in which LZC technologies are domesticated 

within new homes.  

The various research questions are addressed in Chapters 6 to 10, as outlined in the following 

summary of research questions:  

 

Chapter 6.  Moving in with LZC technology 

To what degree are LZC technologies actively appropriated in new dwellings?  

What are householders’ perceptions of the written instructions provided for LZC technology? 

What verbal instruction on LZC technology is provided on moving in? 

What knowledge do departing residents impart to new users of LZC technology?  

Chapter 7.  Getting on with LZC technology 

Which sources of information do householders refer to in order to improve their 

understanding of LZC technology? 

How are users configured by the design, placement and settings of LZC technology? 

To what extent does feedback from LZC technology engage householders and shape actions?  

To what degree does LZC technology exhibit agency in everyday temporal affairs? 

                                                             
71 These dual outcomes satisfy King et al.’s (1994, p.15) two criteria for social science research: firstly to 
‘pose a question that is “important” in the real world’ and secondly, to ‘make a specific contribution to 
an identifiable scholarly literature’. 
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What trials (experiences, interactions or receipt of new knowledge) trigger householders to 

shift and re-stabilise their socio-technical relations as part of the on-going domestication 

process? 

Chapter 8.  Processes of maintenance and repair 

What is the prevalence and cause of faulty LZC technology and how do these faulty 

installations come to light?  

To what extent are LZC technologies maintained and what are the underlying reasons for this?  

What are the wider benefits of maintenance processes? 

Has any on-going communication been received or feedback sought in relation to the LZC 

technology?  

Chapter 9.  Intra-household and inter-household dynamics 

Intra-household dynamics 

Do LZC technologies slot into existing gendered patterns of everyday life? 

What symbolic meanings do new home occupants attach to LZC technology and do these 

ascribed meanings effect how the technology is used? 

Inter-household dynamics 

To what extent do households in a given development provide LZC technology-related support 

to each other? 

What role do Residents’ Associations play in facilitating information exchange and assisting 

with formulating neighbourhood norms?  

To what extent do new home occupants recommend their LZC technology to others and have 

these others proceeded to install LZC technology? 

Chapter 10.  Domestication processes 

What trials (experiences, interactions or receipt of new knowledge) trigger householders to 

shift and re-stabilise their socio-technical relations as part of the on-going domestication 

process? 
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Chapter 5: Charting the research process 

5.1 Introduction 

In the last two chapters, I have identified the knowledge-gaps that the research addresses and 

the theoretical and methodological approaches that have underpinned the research. In this 

chapter, I go on to discuss how the research was executed in practical terms, and to highlight 

the ways in which the research questions and the theoretical and methodological approaches 

guided the design of the research process. 

I commence by describing and justifying the adopted research strategy, the three constituent 

phases of fieldwork, and the research methods utilised (Section 5.2). The planned research 

phases comprised, sequentially, a borough-wide survey for new home occupants, semi-

structured householder interviews and the creation of a householder support network (which 

represented the intended PAR component of the study). I proceed in Section 5.3 to cover 

matters relating to research preparation, including study area selection, questionnaire design, 

the interview strategy and ethical considerations. Section 5.4 then describes the three phases 

of fieldwork. The reliability of the fieldwork data and its analysis are discussed in Section 5.5, 

and Section 5.6 concludes the chapter with a description of the research participants and their 

LZC technologies.  

 

5.2 Research methodology & methods of data collection 

5.2.1 Research strategy 

From the literature review, various research questions emerged as reflecting worthwhile areas 

of investigation that could contribute to current knowledge. Although presented in one 

account, the review was conducted in two phases. The first review generated three 

preliminary research objectives that determined the initial research design (Section 5.3). The 

second review continued throughout the fieldwork, data analysis and writing-up stages, as 

partly driven by emergent findings. Subsequently, the research objectives were refined to yield 

the research questions ultimately addressed (Section 4.4).  

The perspectives that informed this thesis (Chapter 4) influenced the ways in which research 

questions were formulated, the research conducted, data evaluated, findings derived and 

interventions initiated.  The technology studies version of domestication theory, for example, 
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contributed to the framing of research questions and to the way data was collated as part of 

the derivation of research findings. Additionally, the intention to ultimately follow a PAR mode 

of inquiry was built into the design of earlier research material in order to illicit interest in this 

from potential participants.  

Broadly, this thesis aims to provide insights into how LZC technology-user associations develop 

in new homes and what factors influence this. Based on these insights, the research aimed to 

initiate a process of intervention to promote informed changes. In essence, then, the research 

aimed to be exploratory and descriptive (how are things at present?), explanatory (what has 

influenced this state of affairs and why has this happened?) and interventionist (what now?) 

(Robson, 1993).  

A research study’s overall approach is referred to as its research strategy; the three main types 

being experiments, surveys and case studies (Robson, 1993). Any given study may employ a 

single, multiple or hybrid strategies – the main determining factor is that the selected 

approach is appropriate for the question type posed (that is, how, why, what…) (Robson, 

1993). In this study, multiple question types are posed and the research strategy reflects this 

through combining elements of a survey and case study. With regards to the case study 

element, the context of the study is the implementation of a local LZC energy policy but the 

targets of the study, and the units of enquiry, are the representatives of the interviewed 

households. 

 

5.2.2 Research phases, sampling techniques & mixed methods 

The methodology underlying the planned research phases progressed from one where 

information was gathered about participants to one where information was to be generated 

with and acted on by participants. These phases provided different potentials for exploratory, 

explanatory and interventionist elements. To deliver against this changing methodological 

emphasis, a mixed methods approach was selected for data generation.  

In the main exploratory phase (Phase 1), I sought to capture the views of as wide a population 

as feasible, targeting all applicable households within a borough. To deliver this breadth of 

reach, a questionnaire survey was selected as the optimum research method72,73: 

                                                             
72 Surveys can be used to describe, analyse or explore situations (Robson, 1993). 
73 Surveys have been used elsewhere in domestication studies (Haddon, 2006). 
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Phase 1: A cross-sectional questionnaire survey74 encompassing new home occupants 
(October 2011 - January 2012).  

In the main explanatory phase (Phase 2), I aimed to discuss aspects of the LZC technology-user 

association with householders in order to identify and understand the main influential issues. 

To enable this depth of inquiry, interviews were selected as the most appropriate research 

method75: 

Phase 2: Semi-structured, qualitative interviews with new home occupants (February - 
June 2012). 

In the interventionist phase (Phase 3), I intended to help enable householders to start to 

address issues of concern. To facilitate the formulation and delivery of interventions, a PAR 

project (Section 4.4) was planned in the form of a householder support network: 

Phase 3: Attempts to set up a householder support network (April - June 2012). An 
alternative form of intervention was ultimately pursued. 

The Phase 1 survey encompassed any LZC technology, dwelling and housing tenure type. It was 

designed for maximum inclusivity within a defined geographical area (the jurisdiction of a local 

planning authority) and time frame (all homes built since the LZC energy policy adoption). This 

inclusivity, whereby the complete target population76 affected by the policy was invited to 

participate, was intended to support the basis for any generalisations derived. This mode of 

purposive sampling (as opposed to probability sampling) is termed complete collection or 

criterion sampling (Teddlie & Yu, 2007).  

Within the questionnaire, householders were asked whether they were willing to be 

interviewed. The interviewee sample was generated, therefore, by the first research phase, a 

mode of purposive sampling termed emergent sampling (Patton, 2002; Teddlie & Yu, 2007). 

This technique was also used to generate a group interested in the householder support 

network. 

The use of different research methods (mixed-methods) is a common approach (Patton, 2002) 

advocated by a number of researchers (Beazley & Ennew, 2006), including human geographers 

(such as Hemming, 2007; Yeager & Steiger, 2013; Lombard, 2013 and Lobley, et al., 2013), 

partly because it enables the robustness of results generated by different methods to be 

                                                             
74 One used to provide ‘a description or portrait of one group’s opinions at a particular time’ (Fink, 1995, 
p. 23). 
75 Common to domestication (Haddon, 2006) and ANT studies. 
76 Based on evidence collated. 
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partially evaluated through a process of cross-checking (Winchester & Rofe, 2010). In this 

research, survey and interview data were analysed separately but then merged appropriately 

when addressing research questions.  

Creswell (2009) outlines six forms of the mixed-methods approach, which differ in terms of the 

timing of method application, the weighting given to the data generated by each method, the 

ways and stages at which data is mixed, and the extent to which a theoretical framework 

guides the research. The form most closely aligned with this research is what he terms a 

‘sequential transformative strategy’ (Creswell, 2009, p. 212), characterised by two data 

collection phases77, a theoretical perspective that shapes the research questions as applied to 

an issue of concern, and recommendations for addressing aspects of this issue.  In this 

research, there were three planned, but two eventual, data generation phases; theoretical 

perspectives shaped the research questions; and the research was intended to be action-

oriented in its last stage.  

The research’s notional unit of enquiry was the household, where all members could 

potentially be considered as LZC technology users. In practice, an adult representative 

completed each questionnaire and became the contact point. The degree to which the 

viewpoints expressed in the questionnaires represented collective household responses or the 

respondents’ individual views could not be ascertained. Viewpoints expressed by interviewees, 

however, could be probed to ascertain differences between household members, highlighting 

any gender differences, for example. 

 

5.3 Research preparation 

5.3.1 Study area & sampling strategy 

Prior to selecting the study area, the LZC energy policies adopted by authorities in Berkshire 

and Surrey were reviewed to identify that likely to yield the most new homes with pre-

installed LZC technology. During the process of translation (Cochrane & Ward, 2012) into 

borough-specific policies, the Merton Rule (Section 2.4) has mutated into divergent forms 

differing, for example, in terms of the target’s magnitude and the development size above 

which it applies (Appendix 3). Additionally, the longer these policies have been implemented, 

the more homes ostensibly built to its requirements there will be. The optimum borough in 

                                                             
77 Though mixed-methods research can entail more data collection phases (Teddlie & Yu, 2007). 



 

 

[83] 

 

which to conduct the research was deemed to be Woking, as Woking Borough Council (WBC) 

has required all new residential developments applying for planning permission between 2005 

and 201278 to meet 10% of predicted energy demand via LZC technology.  

Once selected as the study area in April 2011, I telephoned WBC’s Planning Policy Officer 

responsible for climate change-related policies. The research’s purpose and its potential 

benefits to WBC as a form of policy evaluation were discussed79. I established that WBC were 

able to provide a list of completed developments granted planning permission since 2005, 

though this data lacked accurate details on which LZC technologies were installed. This list, 

comprised of 812 dwellings, formed the initial focus for the survey (Phase 1a). Whilst 

distributing the questionnaire to these addresses (Section 5.4), I observed that WBC’s list 

omitted certain new developments. To incorporate these, I searched WBC’s planning database 

and identified 135 further dwellings, which then comprised Phase 1b of the survey. 

 

5.3.2 Questionnaire design  

The questionnaire (Appendix 4) was designed to ensure: 

 the research intent was clear; 

 the value of householders’ contribution was emphasised; 

 there were enough questions to yield sufficient data for subsequent analysis; 

 its length would not deter householders; 

 the wording and layout were clear; 

 the confidentiality of returned information was assured; and 

 participation in the follow-on research phases was encouraged. 

The initial research objectives (subsequently replaced by the research questions (Section 4.4)), 

which shaped the design of the questionnaire were: 

 

                                                             
78 This policy changed in October 2012. Now, developments need instead to attain a specified CSH level 
in relation to the energy component (WBC, 2013a).  
79 Engaging early on with WBC is aligned with an engagement approach termed ‘translation research’ 
(Summerfield & Lowe, 2012, p. 395). Here, enrolling policy-makers (or other stakeholders) into the 
research programme is part of the process followed to facilitate the translation of findings from 
‘fieldwork into practice’ (Summerfield & Lowe, 2012, p. 395). 

 



 

 

[84] 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

The questionnaire consisted mainly of closed questions, as recommended for self-

administered questionnaires (Bourque & Fielder, 1995). Certain categorical questions sought 

contextual information relating to the respondent, their household and their technology. 

Section B of the questionnaire contained a list of statements and participants were asked 

whether, and to what degree, they agreed or disagreed with each. To facilitate the collation 

and comparison of responses, a five-point Likert scale was employed which presented a 

symmetric scale ranging from ‘strongly agree’ to ‘strongly disagree’; this scale is well-

established within social research (Litwin, 1995). To avoid confusion arising from the use of 

double negatives, only positive statements were presented against the agree/disagree scale, 

as advocated by Converse & Presser (1986) and Fink (1995). The disadvantage of this approach 

is that it can engender what is known as the ‘acquiescence response set’ (Converse & Presser, 

1986, p. 38), whereby participants demonstrate a propensity to agree with statements 

regardless of their content. An evaluation of whether this occurred appears in Appendix 5. 

Sections B and C presented various incentives and obstacles to improving the performance of 

the technology, and participants were asked to rate the significance of each factor from a five-

point scale ranging from ‘extremely significant’ to ‘not at all significant’. Factor selection had 

Objective 1: To conduct a post-occupancy evaluation of the incentives and obstacles that 

affect householder behaviour in relation to optimising installed LZC technology 

 Output A: The characterisation of the socio-technical networks 

pertaining to householders and installed LZC technology, utilising 

concepts from ANT.  

o Addressed through Sections B and C of the questionnaire 

 Output B: The identification of the main factors (incentives and 

obstacles) that affect householder behaviour in relation to the 

optimisation of installed LZC technology.  

o Addressed through Sections D and E  

Objective 2: To assess the agentive power of LZC technology on users and others 

 Output C: An assessment of whether the presence of LZC technology causes 

householders to behave or think differently to before, beyond the direct use of 

the technologies themselves, and whether there have been impacts beyond the 

household. 

o Addressed through Section C  

Objective 3: To initiate the participatory creation of a householder support network to 

promote optimisation of installed technology 

o Addressed through the ‘Further research’ section of the questionnaire 
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been informed by the literature review (Chapter 3), as advocated by Bourque & Fielder (1995). 

Blank spaces were provided at relevant points to enable participants to exemplify their 

responses or to identify additional factors of significance. The format of the different sections 

was varied to assist with retaining the participants’ interest throughout, as advocated by 

Converse & Presser, 1986. 

I discussed the draft questionnaire with WBC’s Planning Policy Officer to gain a practitioner’s 

perspective on how it could be improved upon, both in terms of clarity and in its potential to 

generate policy-relevant and usable knowledge. The Officer recommended the following 

changes: 

 

 

 

 

 

 

 
These suggested amendments were adopted; given their minor nature, the prospect of my 

research being co-opted by the local authority was not an issue of concern. 

I also e-mailed the draft to Professor Tim Unwin at Royal Holloway who, within the 

Department of Geography, is recognised as being experienced in questionnaire designs. 

Feedback was obtained on its length, clarity and layout, and some amendments were made 

accordingly to the sequencing and wording of questions. For example, questions relating to 

personal information, such as household income, were moved from the start to the end, a 

placing also advocated by others (Converse & Presser, 1986). The rationale for this is that 

placing what might be viewed as sensitive or uninteresting questions at the beginning may 

increase the probability of householders disregarding the questionnaire (Bourque & Fielder, 

1995). 

To encourage questionnaire completion, I considered it advantageous to state that WBC 

endorsed the research, as it might have bolstered people’s perception of the research’s 

legitimacy. Associating the research with WBC may, however, also have potentially alienated 

1. Under the question ‘What type of LZC technology is installed in your home?’, 

increase the clarity of two selection options:  

o change ‘solar thermal panels’ to ‘solar thermal panels (→ hot water)’ 

o change ‘photovoltaic (PV) panels’ to ‘solar PV panels (→ electricity)’ 

2. Under the question relating to housing type, change the wording of one 

selection option to a more sensitive term: 

o change ‘a council house/flat’ to ‘a house or flat rented from the Council’ 

3. Consider asking whether residents are members of residents’ associations, as 

these may prove useful contacts: 

o Insert ‘If you are a member of a residents’ association, please give its 

name’ 
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any residents dissatisfied with the Council. I asked the Planning Policy Officer if I could state 

that: ‘This research project is endorsed by WBC’. I was informed, instead, that I could use the 

following wording, which was adopted: ‘This survey has been undertaken using information 

supplied by WBC’. 

In order to test the questionnaire’s readability, a new housing development outside the 

borough of Woking (in Bagshot, Surrey) was selected for a usability trial. In September 2011, I 

discussed the questionnaire with four householders (male and female), whose homes were of 

various tenure types (Council-owned, shared-ownership and private housing) and built forms 

(terraced and semi-detached). All had either a STHW or PV system. The conversations were 

not prearranged but were determined by those that were in at the time and willing to 

participate. The householders were asked to read selected questions to establish whether they 

comprehended correctly their intended meaning. This form of focused testing is termed a 

‘participating pre-test’ (Converse & Presser, 1986, p. 52), whereby the householders 

participated in the direct assessment of, and improvement in, the questionnaire’s usability. 

Useful feedback was obtained leading to the rewording of certain questions. Two 

householders agreed to complete and return the full questionnaire. One of these 

questionnaires was received and had been completed as envisaged.  

Keeping the questionnaire to a manageable five-page document restricted the space available 

to expand on the research’s purpose; to cover this, a letter accompanied the questionnaire 

(Appendix 6). This letter went through various revisions during the course of the survey with 

the aim of improving householder engagement. For example, one change involved the switch 

from plain to University letter-headed paper, to emphasise the research’s academic focus and 

legitimacy (Bourque & Fielder, 1995).  

As a self-funded student at this stage80, I was keen to avoid unnecessary costs. I initially 

planned to post the questionnaire twice to each household with a stamped-addressed 

envelope (SAE) included for the questionnaire’s return. Due to the large number of 

developments, however, the estimated cost of this was £2350. The literature on postal surveys 

suggests that a response rate of no more than 20%81 should be expected, which meant SAEs 

were a financially wasteful option. Instead, a Response Service was set up through the Post 

                                                             
80 I later received a Postgraduate Research Award from the RGS-IBG. 
81 For unsolicited mail-based surveys, where no incentives for completion are given and one mailing is 
sent, a response rate no greater than 20% is expected (Bourque & Fielder, 1995). 
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Office, whereby postage costs were only incurred for those questionnaires returned in the 

FreepostTM addressed envelopes provided.  

 

5.3.3 Interview strategy 

The interview questions addressed the same overall research objectives as the questionnaire 

but were designed to enable a broader and deeper inquiry into the development and nature of 

LZC technology-householder associations. Interviewees had, in all but one case, previously 

completed the questionnaire, enabling interview questions to be tailored. Additionally, early 

analysis of the survey data enabled emergent ideas and findings to be probed further during 

the interviews, an approach employed by Osmani & O'Reilly (2009b). An early review of the 

survey data with the Planning Policy Officer also assisted in ensuring that particular points of 

interest for WBC were encompassed within the interview questions.  

 

 

 

 

 

 

 

 

Figure 5.1. An outline map of the borough of Woking illustrating interview locations 

Early discussions with the Planning Policy Officer indicated that WBC could make interview 

venues available, both within Woking centre and around the borough. A schedule of available 

interview times and locations was then compiled. This offered a geographical spread of six 

venues (Figure 5.1) (to minimise interviewees’ travel distance) and morning, afternoon and 

evening sessions distributed across weekdays and weekends (Appendix 11). It was appreciated 

that using venues associated with WBC might potentially alienate any residents dissatisfied 

with the Council. On balance, however, it was deemed an advantage due to its potential to 
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bolster residents’ perception of the legitimacy of the research. The venues were also free to 

use and offered a secure environment for both the interviewees and myself. 

An overarching list of questions (Appendices 7 and 8) was posed to each householder and, 

dependent on the responses, these lines of inquiry were further explored to varying degrees. 

This semi-structured format, consisting of mainly open questions, enabled interviewees to talk 

in greater depth about issues of particular relevance to them. Through facilitating such fuller 

discussions, significant but unsuspected issues of relevance can emerge. At the same time, a 

semi-structured format affords a degree of consistency across interviews (Gill, et al., 2010), 

which enables trends and variances to be discerned during the comparative analysis (Baxter & 

Eyles, 1997).  

A Participant Consent Form was presented to interviewees to sign (Appendix 9); this gave 

permission for the interview to be recorded, which yielded two benefits. Firstly, it enabled the 

accurate recall of what transpired and, secondly, it freed me up to listen attentively to what 

householders were saying and to steer the interview to address emerging issues. The 

Participant Consent Form made it clear that the interviewee could stop the interview at any 

time and that the recording would only be used for my research purposes. 

I envisaged that up to 30 interviews would be held. If more than 30 willing participants had 

emerged, than purposeful sampling of these would have yielded interviewees whose 

circumstances reflected the widest possible variation against the following criteria: LZC 

technology type, housing type, tenure, household composition and age. Patton (2002, p.234) 

identifies this mode of purposeful sampling as ‘maximum variation sampling’ and attributes 

the following strength to it: 

‘Any common patterns that emerge from great variation are of particular interest and 
value in capturing the core experiences and central, shared dimensions of a setting or 
phenomenon.’  

As it transpired, all those willing to be interviewed were interviewed as this numbered 27. 

These interviewees exhibited considerable variation against the relevant criteria; their 

households contained the six most prevalent types of LZC technology, dwellings contained one 

to six bedrooms, all six age bands were represented, as were three of the four tenancy types 

identified by the questionnaire respondents (Section 5.6).  

 



 

 

[89] 

 

5.3.4 Promoting the PAR component 

Phase 3 of the research was to involve the setting up and facilitation of a householder support 

network. It was appreciated that this venture might not succeed as it depended on the 

willingness and ability of participants to fully engage with the research.  Therefore, in designing 

the research process, the enrolment of potential participants into this network was a guiding 

factor. Firstly, within the questionnaire, the concept of the network was introduced and 

interest in it elicited (refer to the ‘Further research’ section of the questionnaire). 

Encouragingly, 34 of the 122 survey respondents wanted to be kept informed of this network’s 

development. Secondly, during the interviews I discussed the network and obtained ideas on 

what interviewees would like to get out of it. 

 

5.3.5 Ethical considerations 

I gave attention to ethical considerations throughout this research, as advocated by Dowling 

(2010). From the outset, the overriding aim of the research was to contribute to, and act upon, 

knowledge that would be of environmental significance; the research objectives and then 

research questions were framed with this in mind. Attempts were made to make the research 

as inclusive as possible within the target population, ensuring all householders had an 

opportunity to express their views and contribute to the research.  

Householders were not coerced into answering questions; for both the survey and interviews, 

participants were informed that they could leave out questions they did not wish to answer. A 

Participant Consent Form was signed by those interviewed face-to-face giving permission for 

proceedings to be recorded (Appendix 9). For those interviewed over the telephone, the 

content of this Form was verbally relayed and verbal consent to the interview was given. The 

content of this Form complied with Royal Holloway’s guidance on how to conduct research in 

an ethical manner. Additionally, interview and exhibition locations were selected to ensure the 

safety of participants and myself. 

It was considered ethical to share findings with those that had contributed to the research or 

who might find it of interest, a stance supported by Baxter & Eyles (1997). Hence, the initial 

findings were fed back to the target population via a posted summary and via a householder 

exhibition (Section 5.4). Within these and other research outputs, the anonymity of research 

participants’ contribution and the confidentiality of their personal details were ensured.  
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5.4 Conducting the research 

5.4.1 Questionnaire survey 

The initial plan was to post the questionnaires. However, the size of the target population 

prompted a reconsideration of this due to the associated costs. Instead, the questionnaires 

were personally distributed, which had its advantages; it enabled me to identify the housing 

type at each address and also to pinpoint developments that had been omitted from Phase 1a 

of the survey. The envelopes were addressed to ‘The householder’ (in order to encompass 

home owners, renting tenants and female and male residents), followed by the address. 

Each questionnaire had a unique numeric identifier associated with the delivery address, as 

advocated by Dillman et al. (2009). Using this tracking method, it was clear who had 

responded. Two to three weeks after the first distribution, a second copy was delivered to 

non-respondents. This tracking method saved on material resources and time. The unique 

identifier also revealed whether those that participated completed the first or second 

questionnaire; 70% of respondents completed the first copy whilst 30% completed the second. 

When delivering the second copy, I knocked on doors; those householders I spoke with were 

encouraged to complete the questionnaire and some gave useful feedback. This occurred at 

different times of the day, and during both weekdays and weekends, to try and avoid biasing 

unduly the make-up of those that returned the questionnaire. For blocks of flats, internal 

doors were not knocked on due to restricted access to internal corridors and personal safety 

concerns.  

Door-step conversations were held with 44 householders believed to have LZC technology. The 

male: female ratio of those spoken to was 1:1.3. In total, 30% of these householders went on 

to return a completed questionnaire. By gender, 24% of households where the female was 

spoken to went on to return the questionnaire compared to 37% of households where the 

male was spoken to. Those that returned completed questionnaires were e-mailed or posted a 

thank you letter. 

 

5.4.2 Conducting interviews  

37 householders indicated on their questionnaire that they would, or might, be willing to be 

interviewed. I promptly e-mailed them back, where possible, stating I would re-contact them 
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with a selection of interview venues and times.  There was a maximum interval of three 

months between the earliest returned questionnaire and the dispatch of the suggested 

interview schedule (Appendix 11). This gap resulted from the unexpected need to extend the 

survey into a second phase (Phase 1b). During this interval, some would-be participants moved 

away from the area, changed their minds about participating or did not respond to attempts to 

re-contact them. In the event, 26 full householder interviews were held and these ranged in 

length from 50 to 90 minutes, but most were approximately 60 minutes long as intended. In 

addition, a partial interview was held where the interviewee had to leave after 15 minutes. 25 

interviews were held face-to-face and a further two were conducted by telephone. The 27 

interviewees were comprised of thirteen men, eleven women and three mixed couples. 

Interviews were held between February and June 2012. Certain householders were away for 

prolonged periods of time, on work or on holiday, which necessitated a degree of flexibility in 

the scheduling. Most interviews took place in one of the suggested venues but, departing from 

the initial plan, six interviews were held in participants’ homes. This arrangement was made 

with women or couples after this was established as their preferred option (as they had young 

children to attend to or they wanted to show me aspects of the LZC technology). In each of 

these instances, as a precaution, I left information with someone on where I was going, who I 

was meeting and when I should be back.  

Due to errors in using the recording equipment, two interviews were not recorded. In one 

instance, the error was immediately realised and relatively reliable notes were made. In the 

other, the error was realised some time afterwards and it was then unfeasible to generate 

reliable notes. To summarise, the following outputs were obtained from the householder 

interviews: 24 complete transcripts of full length interviews, one transcript of a partial 

interview and one set of interview notes from a full length interview. 

 

5.4.3 Endeavouring to follow the PAR approach 

Throughout the research, sustained efforts were made to develop a relationship with the 

research participants. For example, subsequent to the interviews, there was frequently e-mails 

exchanged following-up on matters discussed. If people had expressed an interest in 

participating in the householder support network, they were kept updated on this. 
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Before actively commencing on the PAR phase, I posted a six-page summary of selected initial 

results (Appendix 12) to those deemed to have LZC technology, regardless of whether they had 

participated in the survey82. Included within this mailing were two invitations; one to an 

exhibition of the full set of initial research results, and the other to the launch of the 

householder support network (Appendix 13). The exhibition was held between 1pm and 3pm 

on a Sunday in April 2012 and the network launch was scheduled to start at 3.15pm the same 

day. The two events were arranged to run consecutively for three reasons. Firstly, for those 

interested in both events, they would only have the inconvenience of one trip out. Secondly, it 

was considered that the exhibition could act as a draw for people, who might then be 

encouraged to stay and participate in the network launch. Thirdly, the detailed presentation of 

the existing situation as contained within the exhibition posters, as well as the posted 

summary, was to help form the basis for an initial joint reflection of the preliminary research 

findings (an integral part of PAR (Appendix 2)). 

In selecting a venue for the householder exhibition, care was taken to find a central, well-

known and appealing venue; that chosen was the Lightbox83, a modern exhibition space and 

art gallery (with free entry), built to high environmental credentials and located in Woking 

centre. This venue was suggested by an interviewee, and it transpired that most of those 

interviewed knew of it. I hired a spacious room and bedecked it with 10 A1 posters containing 

the detailed initial results (Appendix 14). There was also a map of the borough upon which 

participants could mark, using coded stickers, the technology type installed and their home’s 

location. To capture information on the attendees’ view of the research, I provided a feedback 

sheet (Appendix 15). In addition, material for the launch of the network was positioned around 

the room. This consisted of two flipcharts with pre-prepared notes on possible questions to 

address and topics to debate. 

Those who had expressed interest in the network were encouraged to attend the network 

launch. Despite a reasonable level of initial interest, as the day approached I received a 

number of e-mails from householders explaining why they would not be attending (due to 

family commitments and holidays, for example). These constituted 12 out of the 34 who had 

expressed an interest in participating. This did not bode well, but I was hopeful that a 

reasonable number might yet attend the exhibition. A total of 64 surveyed householders had 

ticked the box asking to be kept informed of the research results, and it was hoped that this 

                                                             
82 By this stage, I had been awarded a Postgraduate Research Award from the Royal Geographical 
Society which covered the costs for this mailing. 
83 (http://www.thelightbox.org.uk/) 
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declared level of interest would translate into a reasonable footfall at the exhibition. In the 

event, only three householders from the target population attended the exhibition (two of 

which had been interviewed), plus some general members of the public. Only one person 

attended the network’s launch, which was therefore unsuccessful and could not proceed as 

envisaged, as this involved promoting a discussion between householders on various aspects 

of their installed technology (see Appendix 16 for a detailed planned agenda for the launch, 

informed by sources such as Chambers (2002) and Seeds for Change (2009)).  

In reflecting upon why the planned network did not materialise, the nature of the researcher-

participant relationship was considered. The importance of relationships to PAR is noted by 

Pain et al. (2007b, p.227), who consider that the quality of the relationships generated, 

including ‘the trust that is established’, will determine whether any attempt at PAR is 

successful. In this research, however, it is not considered that the PAR stage came aground due 

to a lack of trust between the potential participants and myself.  For example, all householders 

interviewed readily agreed to being recorded, which suggested adequate trust had developed. 

It may, alternatively, have been that experiences with installed LZC technology had not led 

householders to be sufficiently driven to participate in the way envisaged, unlike communities 

that might be driven, for example, by thoughts of social or environmental injustices (Chalmers 

& Colvin, 2005). Participation in the envisaged network would have necessitated householders 

disrupting their existing routines, to a certain degree; thus, the drive to participate and/or the 

perceived benefits of enrolling in this network failed to outweigh the willingness or ability of 

householders to easily depart from existing routines. This idea parallels Marres’ (2010, p.193) 

discussion on John Dewey’s notion of publics, which contends that it is ‘the rupture of habitual 

ways of doing, which results in the formation of a public.’84 

Given the disappointing network launch, it was evident that regular physical gatherings, of a 

relatively consistent group of householders, were not going to materialise. Instead, more 

virtual and/or informal manifestations of the network were contemplated, although such 

alternative formats were considered unlikely to constitute suitable vehicles for the delivery of 

the PAR project. However, I felt that another attempt at creating some form of network was 

justified given the number initially interested. Two informal modes of promoting a network 

were therefore trialled. The first was envisaged as an informal, monthly evening get-together 

at a local café. The second was the creation of an on-line forum where local residents could 

                                                             
84 Publics, in Marres’ (2010, p. 192) reading of Dewey’s writings, arise when people are affected by 
‘harmful’ and ‘extensive and enduring’ consequences, for example.  
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discuss their technology. These two trials were viewed as forms of intervention that could 

promote the optimisation of installed technology, as opposed to any form of action research.  

These two further attempts to establish a network also foundered. Two evening get-togethers 

were held at a café in June 2012. An on-line poll established the most convenient dates to 

meet but only one person attended on each occasion, which was insufficient to support any 

viable network. With respect to the on-line forum, this was trialled via Google Groups in June 

2012. One householder in particular tried to stimulate some debate, but this proved 

unsuccessful and only a few postings appeared. It seemed that there were too few people 

(five) signed up to the forum to sustain any initiated debate.   

I originally planned that the experiential knowledge harnessed from the PAR project and from 

the first two research phases, would be fed back to third parties (such as WBC and locally-

active developers) near the end of the research. As the PAR project foundered, an alternative 

option was considered which involved engaging, more actively, with one or more of these 

groups to begin to address some of the issues highlighted. The need to diverge from the 

envisaged research trajectory highlights the need for researchers to respond in a considered 

way to changing circumstances, which in this case involved acting upon the research findings 

with an alternative group; namely, the local authority. This involvement with the local 

authority and the resultant policy impact of the research are discussed in Section 10.7.1. 

In the next section, I return to Phases 1 and 2 of the research and discuss the ways in which 

the research data was collated and analysed to address the research questions. 

 

5.5 Analysis of research data 

5.5.1 Survey reliability & collation of survey data 

In evaluating a survey’s reliability, four error types are relevant: ‘coverage, sampling, non-

response and measurement’ (Dillman, Smyth, & Christian, 2009, p. 16). Coverage errors occur 

when, firstly, not everyone within the target population has the potential to be included in the 

survey sample and, secondly, when there are pertinent differences between those that are 

excluded and included (Dillman, Smyth, & Christian, 2009). To minimise coverage error in this 

research, a three-pronged approach was followed to comprehensively identify the target 

population: the use of WBC’s ‘Completed permissions’ database, an additional search of the 

planning applications database and field observations. If any pertinent developments were 
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unknowingly excluded from the target population, there are no known reasons why they 

would differ in any significant regard from those included. Thus, it is considered that the 

coverage error has been minimised. 

Sampling errors are a product of sampling techniques and can be minimised by improving the 

representativeness of the surveyed sample as compared to the target population. In this 

research, the sampling error was eliminated by encompassing the full target population in the 

survey; that is, the survey sample equated to the target population.  

Non-response errors occur when those ‘who do not respond are different from those who do 

respond in a way that is important to the study’ (Dillman, Smyth, & Christian, 2009, p. 17). 

Given the 83% of non-responses to this survey, the significance of any non-response error 

warrants consideration due to the potential for differences in opinions, experiences and other 

factors between respondents and non-respondents (Fink, 1995). WBC possesses scant 

information on the characteristics of households and LZC technologies occupying new builds. 

Information on installed technology could be compiled from submitted SAP energy 

assessments (Sections 2.2 and 3.2) but this does not appear to take place. However, there is 

WBC data on the built form and the volume of social housing against which the 

representativeness of the respondents can be assessed. 11% of survey respondents resided in 

social housing (Section 5.6) compared to an estimated 14% in the target population. 

Additionally, within the surveyed respondents, occupants of flats and terraces are slightly 

under-represented compared to occupants in semi-detached and detached properties, which 

are over-represented (Section 5.6). It is difficult to assess whether and how the non-

representativeness of the survey respondents in these regards may impact on the reliability of 

the research findings. However, if deemed relevant, the potential impact of these slightly non-

representative characteristics of the respondents will be reflected upon in the ensuing 

discussion chapters.  

Measurement errors reflect how accurately the respondents complete the survey (Litwin, 

1995). Such errors are attributed by Dillman et al. (2009) to how the questionnaire is worded 

and designed. However, in this survey, the only evidence of measurement error arose from 

certain respondents’ lack of knowledge regarding the type of LZC technology installed. As 

mentioned earlier, it was established that a few respondents had misidentified their 

technology, which introduced a measurement error not attributable to the questionnaire’s 

design. The incidence of this misidentification error by respondents is unknown.  
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Although not a measurement error as such, the potential for gender to affect the ways in 

which one or more survey questions were answered was noted (Section 9.2.4). The survey 

design was gender-neutral; each questionnaire was addressed to ‘The householder’ and it 

requested that an adult complete it. As detailed in Section 5.6, 59% of those that completed 

the questionnaire were male.  In joint households85 it was, with one exception, stated that the 

responsibility for operating the LZC technology was either one that resided with the male adult 

or jointly amongst adults in the household. Thus, it may be that more males completed the 

questionnaire as they were more likely to regard themselves as responsible for operating the 

technology. The question to then address is whether the ways in which the questionnaire is 

completed is influenced by gender (a finding reported by Cloke (2001)). The potential impact 

of respondents’ gender on the research findings is explored in Section 9.2.4.  

The survey results were collated and graphically presented using Excel spreadsheets and 

PowerPoint (for the exhibition posters). The collated survey data was used to yield information 

relevant to the research questions. Although survey results are often interrogated using 

quantitative statistical techniques, I did not consider that this would have assisted in further 

addressing the research questions, which in general required a more qualitative and holistic 

treatment of the data.  

 

5.5.2 Transcription of interviews  

Each interview recording was transcribed into a Word document. The analysis and discussion 

of the interview material was then guided by coding and triangulation: 

Coding - Three layers of coding were applied. The first layer of ‘connective’ coding linked each 

research topic86 to relevant extracts within each transcript. A second layer of ‘descriptive’ 

coding was used to codify the content of these extracts; this coding used response codes that 

emerged from the responses (Castro, et al., 2010) and these codes assisted with data 

reduction and organisation. To assist with data interpretation (Cope, 2010), a third layer of 

‘thematic’ (analytical) coding was used to group together response codes that had ‘functionally 

equivalent meaning’ (Castro, et al., 2010, p. 348; Abdel-Wahab, Moore, & MacDonald, 2011). 

The derivation of such thematic categories is driven by ‘recurring regularities’ (Patton, 2002, p. 

465) observed in the data and the aim is to represent all response codes. The weighting of 

                                                             
85 Where there were at least two adults. 
86 Pertaining to one or more research questions 
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each thematic category, as determined by the number of affiliated response codes and the 

frequency of their occurrence, can then be used to assess the significance of each thematic 

category. 

 

Triangulation - The verification of findings was supported by data triangulation (via multiple 

sources) and methodological triangulation87 (via multiple methods) (Patton, 2002). As 

explained by Baxter & Eyles (1997, p.514), triangulation ‘is based on convergence: when 

multiple sources provide similar findings their credibility is considerably strengthened.’ The 

interview findings were triangulated with pertinent survey results (enabled by the overlap 

between questionnaire and interview questions), door-step conversations (from others in the 

same development) and via comparisons of interview extracts.  

 

Verbatim quotations have been incorporated throughout Chapters 6 to 9 to support points 

made. As argued by Baxter & Eyles (1997, p. 508): 

‘Quotations are important for revealing how meanings are expressed in the 
respondent’s own words rather than the words of the researcher.’ 

A pertinent range of quotations is provided where a single quotation would be 

unrepresentative of the wider findings.  

 

5.5.3 Assessing the validity of inferences 

Given the ratio of interviewees to the target population, how can the validity of inferences 

made from collated interview material be judged? The use of statistical methods for this 

sample size (n=26) would be inappropriate and Bailey et al. (1999, p.172) contend that ‘the 

idea that one can only make data-construct links (from description to theory) when one is 

dealing with a large ‘representative’ dataset’ is not applicable to qualitative research. Instead, 

it is the validity of the analysis that requires attention (Bailey, White, & Pain, 1999). 

The thematically coded interview material was collated and analysed for trends and disparities 

in preparing the discussion on findings for ensuing chapters. Patton (2002, p.467) argues that 

such ‘qualitative findings are judged by their substantive significance’ and that this can be 

assessed against criteria such as: 

                                                             
87 Hemming (2008, p.155) discusses how others prefer the term ‘crystallisation’, to reflect that there are 
more than three perspectives on a situation and to signify ‘that mixing methods can only produce a 
deeper and more complex view of the issue under investigation, rather than improve validity.’ 
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 The extent to which the evidence supports the findings (in terms of its solidity, 

coherence and consistency); 

 The extent and manner in which findings contribute to an understanding of the 

studied subject; 

 The extent to which findings are in line with current knowledge. Here Patton (2002, 

p.467) distinguishes between ‘confirmatory significance’, where a finding is ‘supported 

by and supportive of other work’, and ‘discovery or innovative significance’, where a 

finding ‘breaks new ground’; 

 The extent to which findings are of relevance for a particular purpose (such as theory 

development or policy refinement and formulation) (Patton, 2002). 

Prior to a discussion of the findings in the ensuing chapters, Section 5.6 provides information 

on the research participants and their LZC technology. 

 

5.6 Research participants 

5.6.1 Response rate 

Questionnaires were distributed to 947 households (Section 5.3). Through door-step 

conversations and comments on returned but uncompleted questionnaires, it became 

apparent that not all targeted households had LZC technology; stated reasons or derived 

explanations for this varied as exemplified in Appendix 21. With this collated information, a 

more accurate number for those developments likely to have LZC technology was established. 

The picture was complicated by the fact that at least a few residents did not realise they had 

such a technology installed, as became apparent via door-step conversations and returned 

questionnaires. In certain instances, for example, householders were aware of equipment in 

their loft but did not realise it was a MVHR system, mistaking it for an air-conditioning unit or 

simple extractor fan. Out of the initial 947 households contacted, a maximum of 717 were 

subsequently deemed to potentially have LZC technology.  

122 householders participated in the survey. Taking the revised estimate of the target 

population as 717, this represents a 17% response rate88,89. Within the research literature, the 

response rates obtained for household surveys vary considerably for energy-related studies. 

                                                             
88 Response rate = [(number of respondents) ∕ (number of eligible respondents)] x 100  
89 For unsolicited mail-based surveys, where no incentives for completion are given and one mailing is 
sent, a response rate no greater than 20% is expected (Bourque & Fielder, 1995). 
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For example, one postal survey requesting the completion of a lengthy questionnaire achieved 

a 5% response rate (Guerra-Santin & Itard, 2010), whilst a survey conducted through personal 

contacts, where the questionnaire was both distributed and collected by hand, achieved a 

response rate of 66% (Mansouri-Azar, 1996).  

Within returned questionnaires, different questions were sometimes left unanswered 

intentionally or unintentionally90, leading to what is termed item non-response bias (Fink, 

1995). In the graphs that are presented in this thesis, the number of responses on which each 

graph is based is stated (by n=x) in order to reflect this variation in response numbers. 

 

5.6.2 Characterisation of research participants 

This section summarises the survey data that contributes to a description of the research 

participants, their household composition and the size and age of their home. The survey 

participants and interviewees are considered in turn. 

Characterisation of survey participants 

The age distribution of survey participants (Figure 5.2) fell quite evenly across the 26 to 55 year 

age band, with a reduced but even distribution across the 56 to 66+ year age band. The least 

represented age category was 18-25 years. 

With regards to the gender of participants, 59% of all survey respondents were male (Figure 

5.3). When considering only joint households91 (n=80), 59% of respondents were again male 

and 41% female. A potential reason for this differential was proposed in Section 5.5.1 and the 

potential impact that this differential may have on how the questionnaire was completed is 

explored in Section 9.2.4. 

The dwelling type in which survey participants lived is illustrated in Figure 5.4. Flats or 

maisonettes are the predominant built form (46%), with the remaining dwellings spread 

relatively evenly across the terraced, semi-detached and detached categories. As regards the 

size of the survey participants’ homes, two-bedroomed dwellings constitute the mode and 2.9 

bedrooms the arithmetic mean (Figure 5.6). 

 

                                                             
90 Established during interview discussions 
91 Comprised of at least two adults 
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Figure 5.2.  Age of research participants  

 

 

Figure 5.3. Gender of survey participants 
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Figure 5.4.  Dwelling type for survey participants (n = 121) 
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Figure 5.5 illustrates the degree to which the distribution of respondents’ dwelling types is 

representative of the target population as surveyed92 and it indicates that occupants of flats 

and terraces are slightly under-represented compared to occupants in semi-detached and 

detached properties, which are over-represented. As noted in Section 5.5.1, it is difficult to 

assess whether and how the non-representativeness of the survey respondents in these 

regards may impact on the reliability of the research findings. 

The type of tenancy held by participating households in the survey is summarised in Figure 5.7. 

The majority of households live in privately-owned or privately rented accommodation with 

11%93 residing in social housing (comprised of rented housing association accommodation or 

shared ownership arrangements with a housing association). This distribution between private 

and social housing appears relatively representative of the wider target population surveyed, 

where social housing is estimated as constituting 14% of the tenancy mix94. 18% of all 

participating households lived in rented accommodation (covering private and housing 

association rentals). This proportion is less than that quoted for the UK population as a whole 

within all ages of housing (i.e. 30% (NHBC Foundation, 2012b)), but comparative data relating 

specifically to new housing has not been found. The influence of renting versus home 

ownership on whether householders turn to neighbours for technology-related information is 

explored in Section 9.3.2. 

72% of participants had lived in their homes for less than two years at the time of the survey 

(Figure 5.8). This was perceived as beneficial as it was considered that issues relating to 

installed LZC technologies, even if now altered or resolved, would still be readily recounted. 

 

                                                             
92 The dwelling types associated with each household within the target population as surveyed was 
collated using data from WBC’s ‘Completed permissions’ database, my own database compiled from 
returned questionnaires and field observations. 
93 This figure of 11% is more accurate than the 12% figure that would be derived from Figure 5.7 due to 
the rounding-off process used in the latter. 
94 The tenancy types associated with each household (or development) within the target population as 

surveyed was collated using data from WBC’s ‘Completed permissions’ database, my own database 
compiled from returned questionnaires and door-step conversations. 
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Figure 5.6.  Number of bedrooms in research participants’ homes  

 

 

Figure 5.7.  Tenancy type held by survey participants (n=122) 

The combined household income distribution (Figure 5.9) shows that 47% of households 

participating in the questionnaire survey earned more than £60,000 per annum. 33% of survey 

participants had children living at home and 31% consisted of single adult households. 
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Figure 5.8.  Length of time research participants have lived in their homes  

 

 

Figure 5.9. Combined household income  
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have had fewer demands on their time, enabling them to more readily participate in the 

research.  

The interviewees’ tenancy type is illustrated in Figure 5.10; compared with Figure 5.7, it can be 

seen that 10% more interviewees than questionnaire participants lived in owner-occupied 

properties, and no interviewees lived in homes rented from a housing association. As regards 

the size of the interviewees’ homes, two-bedroomed dwellings constituted the mode and 2.8 

bedrooms the arithmetic mean; very similar to the case for the questionnaire participants.  

As summarised in Figure 5.8, 72% of interviewees had been in their homes for less than two 

years at the time of the questionnaire survey, which was the same percentage derived for the 

questionnaire participants. 

 

Figure 5.10.  Tenancy type held by interviewees (n=26) 

29% of interviewees had children living at home (similar to the 33% figure for questionnaire 

participants) and 44% consisted of single adult households (13% higher than the figure for 

questionnaire participants). The combined household income distribution for interviewees 

shows a more even distribution then that that exhibited by the questionnaire participants 

(Figure 5.9). 
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5.6.3 LZC technology installed 

This section reveals what LZC technologies developers have selected to comply with the 

Merton Rule-type planning policy. 

The technology that survey respondents identified as being installed is summarised in Figure 

5.11. STHW systems are the predominant technology, present in 62% of homes. The next four 

most commonly installed are CHP, ASHP, MVHR and communal biomass systems, each present 

in 12%-16% of households. 26 of the 122 participating households had more than one 

technology. Certain householders were confused as to the type of technology installed; for 

example, one interviewee mistakenly stated on their questionnaire that they had a PV system, 

but through discussions it became apparent they had a STHW system. Thus, it is expected that 

a proportion of survey respondents will misidentify installed technology or mistakenly state 

they have none. This introduces an unquantifiable degree of error into Figure 5.11.  

The distribution of the various LZC technology types amongst the interviewees mirrored quite 

closely the distribution seen overall for survey participants, apart from a higher proportionate 

presence of PV installations (see Figure 5.11). 

 

Figure 5.11.  Which LZC technologies are installed?  
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WBC does not collate comprehensive information on LZC technology types proposed in 

planning applications or present in completed builds. There is a relevant field included in their 

‘Completed permissions’ database, but data entry is incomplete and the entered data is not 

deemed reliable95. Thus, there is no reference data with which to assess the 

representativeness of Figure 5.11 against all new builds across the borough.  

A recent survey of the UK house-building sector (NHBC Foundation, 2012d; Lees & Sexton, 

2014) also indicated that STHW systems were the most used LZC technology, though PV 

systems were reported as coming second which is at variance with this research’s findings 

(Figure 5.11). However, the basis of the NHBC Foundation’s (2012d) research differed in that it 

focused on the range of technology types used by various developers, as opposed to the 

number of installations of each type installed by them. The findings from this research provide 

an indication of which LZC technologies will be predominantly selected by developers to 

comply with increasingly stringent Building Regulations (Sections 2.3 and 3.8) and this 

contributes to current knowledge in this area. 

In this chapter, I have provided an account of how the research was conducted and how the 

eventual research trajectory emerged out of that envisaged. The next chapter constitutes the 

first of four chapters within which the research results are presented and research findings 

derived. 

  

                                                             
95 As communicated by the Planning Policy Officer and confirmed by cross-referencing between their 
database and my own, as compiled from completed questionnaires. 
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Chapter 6: Moving in with LZC technology 

6.1 Introduction 

Having detailed how the research was undertaken in the last chapter, I proceed in this chapter 

to present the first tranche of research findings, which pertain to the embryonic LZC 

technology-householder association. Four elements to this, as encompassed by the 

appropriation component of domestication, are discussed. I start by considering the degree to 

which LZC technology is actively appropriated, in that it constitutes a desirable, known feature 

of the home; the findings contribute to a better understanding of the technology’s agency 

within mainstream UK housing (Section 6.2). 

In Section 6.3, I evaluate the adequacy of documentation on LZC technology as provided by 

housing industry representatives and find that householders’ views on this are polarised. I then 

broaden the discussion to consider the extent to which householders receive verbal 

instructions and visual demonstrations from housing industry representatives, illustrating how 

this influences the development of LZC technology-householder associations (Section 6.4). 

Lastly, I provide a limited insight into the level of information and experiential knowledge 

imparted by departing residents to newcomers (Section 6.5). I find that the re-domestication 

process may start out from a less-informed set of socio-technical relations. The main findings 

from the chapter are summarised in Section 6.6. 

Through the discussion, the following four research questions are addressed: to what degree 

are LZC technologies actively appropriated in new dwellings (Section 6.2); what are 

householders’ perceptions of the documentation provided for LZC technology (Section 6.3); 

what verbal instruction on LZC technology is provided on moving in (Section 6.4); and, what 

knowledge do departing residents impart to new users of LZC technology (Section 6.5)?  

 

6.2 To what degree are LZC technologies actively appropriated? 

In this section, I explore the degree to which LZC technology is actively appropriated by 

householders during the home selection process, as opposed to it just constituting a known or 

unknown feature immaterial to decision-making. This constitutes an under-researched topic 

for homes built to Merton-Rule type policies; particularly low energy housing has received 

more attention in this context (see Mlecnik, et al. (2012), for example).  
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In this research, surveyed householders (n=122) were asked whether the presence of LZC 

technology had positively influenced their home’s selection; 39% agreed or strongly agreed 

that it had (Figure 6.1): 

‘My son works for [the developer], and that’s how we knew about these flats and he 
was able to tell us that if you have a flat on the top floor, then you will have these solar 
panels.’ (ID94, STHW) 

‘My husband and I bought our flat off plan in 2008, taking into consideration a number 
of features the developer promoted in relation to low energy technologies, including 
the provision of a biomass boiler …’ (ID786, CHP & communal biomass) 

Some of these describe how LZC technologies were perceived as providing financial and/or 

environmental benefits:  

'We were hoping it would save us money in the long-run.’ (ID94, STHW)  

‘… we were told in fairly positive terms that it was going to be an eco-friendly, carbon 
reducing, low cost, low energy, renewable source energy system which would provide 
electricity and hot water to the flats, and that was something we were quite interested 
in.’ (ID786, CHP & communal biomass) 

For this 39%, the technology represented a feature which actively contributed to the home’s 

appeal; in other words, the technology had demonstrated agency within the home selection 

process via its perceived financial and environmental attributes, for example. Seemingly similar 

results were obtained by Mlecnik et al.’s (2012) survey in Germany and Austria, wherein 33% 

of 90 households in particularly low energy homes stated that solar energy usage was an 

important factor in home selection. 

 

Figure 6.1. The influence of LZC technology on the home selection process  
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A further 37% of surveyed householders (Figure 6.1) neither agreed nor disagreed that the 

technology positively influenced their home’s selection. Some of these bought or rented their 

property without any initial awareness of the technology:   

‘When we first saw the house, we thought, because it looked like an air conditioning 
unit, we thought maybe we’ve got heating and air conditioning. And when our friend 
went to see it, she said ‘I know what that is, it’s an [ASHP].’ (ID817, ASHP) 

‘They were finished, so I didn’t sort of ask for the specification. I went, looked at them 
and bought.’  ‘I didn’t even know [the STHW system] was there.’ (ID273, STHW) 

Others viewed their future home without knowing about the technology in advance, but then 

became aware of it during the on-going sales/renting process. For these, the technology starts 

off as an unexpected feature and their initial relationship to it ranges from being quite 

dispassionate to being mildly interested: 

‘… they just said - ‘Oh, by the way it’s got [a STHW system].’  It was an extra thing - ‘All 
right, okay.’ It was one of the things that sort of pushed me that way but I didn’t go 
actively looking for it.’ (ID155, STHW) 

‘It was just sort of we love the house and the location. And we were kind of intrigued 
by the panels, I think. I remember as a child holidaying in Greece a lot and sort of 
saying they always had solar panels to heat their water. And I remember thinking, it’s 
not that sunny in Woking, I don’t see this is going to be particularly effective. I have to 
say, being quite sceptical, but remember thinking, oh well, never mind it will be 
something – if it works it will be great ...’ (ID1030, STHW) 

‘I was interested, you know - ‘Oh right’, I’d not come across it before.’ (ID1056, ASHP) 

‘Although I am interested in LZC to save money and polar bears, the flat comes with 
district heating – it wasn't a factor in my decision.’ (ID526, CHP) 

The remaining 24% of householders disagreed or strongly disagreed that the technology 

positively influenced their home’s selection. Some of these were seeking rather to live in new 

homes because of their expected energy efficiency: 

‘… we did not buy the apartment for its propensity to save the world from greenhouse 
gases but rather to save ourselves from huge bills. Our motives were and remain 
wholly selfish.’ ‘We were sold it on the basis that it was extremely energy efficient.’ 
(ID804, CHP & communal biomass) 

For others, there were overriding priorities within their lives which placed the LZC technology 

‘beyond domestication’ (Carter, Green, & Thorogood, 2013, p. 352) over and above its physical 

presence and autonomous functioning. The first example below relates to a 96 year-old flat 

owner within an extra-care establishment, and the second is of someone uninterested in the 

technology’s financial or environmental benefits: 
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‘I've filled this in on behalf of my elderly mother. Although I am very committed to LZC 
energy, it of course is of necessity way down the list of issues relating to my mother.’ 
(ID92, STHW) 

‘I have an excellent understanding of engineering, computing and other technology. 
However, I am not in the slightest bit interested in how my home is heated, nor the 
associated costs of electricity, as I have too many other things going on in my life.’ 
(ID709, PV & STHW)  

This category also included someone who was unaware of the technology installed: 

‘Until I received this questionnaire, I was not aware of the LZC in my house. I do care 
about the environment, but have not read through the literature provided by my 
landlord - I rent the property.’ (ID907, STHW - roof integrated)96  

The degree to which LZC technology can contribute to a home’s appeal will be influenced by 

the extent to which information on it forms part of the marketing material and sales pitch from 

the developer, agent or landlord (that is, the extent to which it is incorporated into the written 

and verbal ‘sociotechnical script’ (Faulkner, 1998, p. 487) as presented). For the 39% of cases 

where the technology positively influenced the selection process, adequate upfront 

information must have been provided for this to have occurred; in other words, the 

technology’s presence had been made evident through the circulation of written or verbal 

information, which enabled the active appropriation of the technology as a desirable 

component of the home. However, comments made by some of the 37% who neither agreed 

nor disagreed that the technology influenced their selection process, suggest that a proportion 

of them had not received (or, if received, had not read) sufficient information on the 

technology early enough for its presence to have significantly influenced decision-making. In 

some of these cases then, it appears that developers omitted to initially circulate technology-

related information, thwarting the technology’s potential agency in the home selection 

process and postponing the initiation of LZC technology-householder associations. For the 

remainder of this 37% who knew about the technology, it did not exhibit any significant agency 

within the home selection process.  

The extent to which LZC technology is drawn attention to by housing industry representatives 

may reflect their confidence that it adds to, rather than detracts from, a home’s marketability, 

which is mainly driven by price, size and location (DCLG, 2007d). Developers in this study have 

installed LZC technology to comply with local planning policy (except one development built to 

Level 5 of the CSH); the fact that these installations have been policy-driven as opposed to 

                                                             
96 One interviewee was the chairperson of the Management Committee for this development. He 
confirmed that all the houses had a roof-integrated STHW system. 
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market-driven may affect the focus placed on them within marketing literature and sales 

pitches. A recent study of five households indicated the marketing of LZC technology in 

mainstream UK housing is low key (NHBC Foundation, 2012d); in a further study of developers’ 

sales teams, only three out of six viewed LZC technology as a ‘sales feature’ and information 

relating to the ‘benefits and limitations’ of installed LZC technology were not provided to 

potential buyers early on  (NHBC Foundation, 2013b, p. 15). These findings are in line with 

more general research on estate agent’s on-line marketing for homes in the UK, where it was 

found that information on energy costs, energy savings and sustainability issues were typically 

absent or ‘externalized’ and did not contribute to the ways in which the dwellings were framed 

at this early stage (Aune, 2012, p. 720)97.  

As highlighted in Section 3.6, research on the degree to which LZC technologies are actively 

appropriated as part of the selection of otherwise conventional homes, that are not highly 

sustainable (eco-homes) or particularly low energy (such as passive homes), is scant and 

restricted to a number of small-scale studies. In one 12-unit UK development with PV systems, 

the technology was ‘not a factor’ for householders when purchasing their home (Ghanem, 

2008, p. 159), a finding mirrored in a study on six new homes fitted with LZC technology (NHBC 

Foundation, 2013b). In another study of five UK homes, householders were typically unaware 

of the technology prior to purchase and most did not consider the home’s environmental 

performance a key factor (NHBC Foundation, 2012d).  From the perspective of developers and 

property sales, one study of UK developments incorporating PV systems found that: ‘there 

seemed to be no indication that the properties were sold or occupied more readily because of 

the PV’ (Munzinger, et al., 2006, p. 65).  

This research extends current knowledge in this area and, as it is based on a significantly larger 

data set (n=122) than previous relevant studies involving householders, the results can be 

considered more representative. The finding that 39% of survey respondents viewed the 

technology as positively contributing to the home selection process contradicts these previous 

UK studies that have concluded that LZC technology has minimal agency within the selection 

process for otherwise mainstream housing. 

                                                             
97 Article 12 of the EPBD Directive (European Parliament, 2010a) requires the inclusion of energy 
performance information in commercial media advertising of properties from 2013, which may alter this 
situation. 
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6.3 What level of documentation is provided when moving in?  

In this section, I consider what level of information on LZC technology is provided and how this 

shapes embryonic technology-householder associations. Surveyed householders were asked 

how much they agreed or disagreed with the statement: ‘The developer or landlord has 

provided you with sufficient information on operating and maintaining your LZC technology.’ 

The distribution of responses paints a polarised state of affairs (Figure 6.2); 42% agreed or 

strongly agreed with the statement, whilst 46% disagreed or strongly disagreed. Only 12 % 

took the middle ground of neither agreeing nor disagreeing. This polarised distribution of  

 

Figure 6.2. The adequacy of information on LZC technology from developers and landlords 
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responses is maintained for the predominant technology types (STHW, ASHP, MVHR98 and 

CHP) (Figure 6.3) and holds also across tenancy types (owner-occupiers and renting tenants) 

(Figure 6.4). 

 

Figure 6.4. The adequacy of information on LZC technology from developers and landlords – by 

tenancy type 
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occupants, they cannot be viewed as aligned intermediaries99 who effectively translate 

instructions from installers to householders. Instead, they may hinder the enrolment of 

householders into the technology’s socio-technical network and thereby reduce the 

technology’s agency (at least initially).  

                                                             
98 Interestingly, the NHBC Foundation (2013a) also reported a polarised distribution of responses when 
householders in ten MVHR-fitted new homes (built to CSH Level 6) were asked, firstly, whether they 
understood how to control their heating and, secondly, how easy they found it to use these systems. 
99 If an entity receives a circulating entity (e.g. instructions) and passes it on without changing it, or 
being changed through this process of translation, that initial entity is termed an intermediary (Latour, 
2005). Intermediaries can include inanimate objects such as machines or monitoring systems, but also 
‘disciplined human bodies’ (Callon, 1991, p. 134). 
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Previous studies on those moving into mainstream UK housing fitted with LZC technology have 

commented on the technology-related information provided. One large scale study on PV-

fitted homes commented on the potential inadequacy of information provision but did not 

quantify the prevalence of this (Munzinger, et al., 2006). Other studies have been relatively 

small-scale; some conclude that information provision has been inadequate (NHBC 

Foundation, 2012b (five households); BRE, 2008 (six households); NHBC Foundation, 2013b (6 

households)) but another study on a 12-unit development found that PV information packs 

had been provided by the developer (Ghanem, 2008). In Monahan’s (2013) study on a 15-unit 

social housing development tenant packs had been provided, but the information was 

generally considered technical and geared at commissioning. Larger-scale, multi-development 

studies (such as this research provides) that assess the adequacy of information provision have 

not been found.  

I further explored the nature and perceived adequacy of the technology-related information 

provided with interviewees, both in terms of documentation and verbal and visual instructions 

(discussed separately in Section 6.4); the remainder of this section focuses on written material.  

Those interviewees that agreed or strongly agreed in the survey that information provision 

was adequate can be ascribed to one of three categories, based on their use of or more 

detailed view on the documentation. The first category contains those that have not consulted 

the documentation: 

‘They gave us a very good book – I’ve never looked at the book but it had all the 
service manuals in there when I bought the flat, but I’m not the sort of person who 
looks at them.’ (ID273, STHW) 

‘Do you know, I don’t think I would be able to find the bloody manual.’ (ID826, STHW) 

‘… this is the first time I’ve actually opened the manual. It just went into a pile with 
everything else when we moved in.’ (ID928, STHW) 

This last quote came from a householder who had lived with his STHW system for four years 

without referring to the documentation. It could be argued that these householders’ views on 

the adequacy of the documentation is not grounded in its readability or usefulness, as it has 

neither been read nor used to guide interactions with the technology. 

The second category of those that stated in the questionnaire that received information was 

adequate is comprised of those that proceeded to provide a less favourable account when 

interviewed: 
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‘There was a bit of information … But actually that is quite sparsely written.’ (ID 155, 
STHW) 

‘The instruction manual just tells you how to turn it on.  It tells you how to turn it on; it 
tells you what the little meter inside means, that’s all.’ (ID829, STHW) 

‘… we’ve all found the programmer and the manual that goes with it all a little bit 
difficult to find how to do what ... I think it’s quite complicated and I think it’s badly 
organised, in the sense that it goes into too much detail on certain things and so you 
just go ‘No, I need to know this answer’ and you can’t find it.’ (ID1023, ASHP)  

The third category of householder appears genuinely satisfied with information provided: 

‘It was quite descriptive … I read through and it was very simple to understand the 
instructions you know.  I just played around a bit, saw how it sort of worked ...’ (ID640, 
CHP)  

‘[For] the MVHR … we were given some information in the sort of home owners pack 
that [the developer] gives you when you take over the property… It is ages since I read 
it. It’s quite theoretical about how the thing is supposed to work …. The only 
information we were given on how you operate it was that in the summer you put it 
on to the blue side of the dial and in the winter you put it on to the red side. That’s it. 
So that’s all I do, switch it backwards and forwards.’ (ID424, MVHR & STHW)  

Only two of the interviewees adopted a neutral stance within their questionnaire on the 

adequacy of the technology-related information. Those that considered the information 

inadequate identified one of three main reasons for this, the first being that it was too 

complicated or badly written100: 

‘Well, they had a guide to what the buttons did, which we kept, on the panel, but then 
there was a book we had given when we moved in. It actually showed you how to 
install the whole thing, if you wanted to. I think it’s what they used to install it and 
they just put it as part of the book. It had ‘Connect it to this, do this, do that ... You 
would need to be an electrician or specialist to understand it…. Also, it was already 
installed so why did I need a diagram on how to install it, kind of thing. It was very 
unusual.’ (ID295, STHW) 

‘The manual that goes with [the ASHP] really is very, very unclear… Now, I’m used to 
reading instructions booklets because I was a science technician, [...] and I’ve tried 
several, several times and ‘What do they mean?’’ (ID1056, ASHP)  

The second reason, given by three interviewees living in the same development, was that 

information provided when purchasing the property had been misleading, both with respect to 

the role of the three communal energy systems present and with regards to the level of service 

charges that would be levied on residents for the operation and maintenance of these: 

                                                             
100 Householders also find gas central heating manuals hard to understand (NHBC Foundation, 2012c). 



 

 

[117] 

 

‘Part of the issue is that the information that we have been provided with from when 
we first ever came to look at the development through to purchasing, then following 
our complaints [to the developer, local authority and management company] - there 
seems to be a lot of misinformation, and a lot of contradictory information … And then 
in respect to the further questions about the cost of the service charges and so on, 
kind of lack of information.’ (ID786, communal biomass & CHP) 

‘There is a lot of disheartened people when we talk about [the developer] … some 
were even quoting that we were mis-sold [the properties] because we were given 
wrong information.’ (ID805, communal biomass, CHP & MVHR) 

The third reason given was that insufficient documentation had been provided: 

‘I had to really badger the builder to actually find out how it all worked… [The 
developer] who built this, their little slogan is ‘greener by design’, so they are very 
much: ‘We want to be a green builder’. But actually, although they installed the solar 
panels, they actually never told us how they worked, they didn’t do anything about it; 
they just left us… there wasn’t any instruction … And so yes, it’s completely ridiculous; 
the builders paid, installed these things and then just left them.’ (ID1030, STHW) 

The lack of any written information was also highlighted by the following comment made on a 

returned questionnaire: 

‘Solar panels were provided with the house - we have been given no documentation 
for the system!!’ (ID732, STHW) 

I additionally asked interviewees with STHW systems whether the documentation 

recommended any measures to take to optimise the benefits gained from the technology. 

Such measures would include reducing dependence on conventional water heating systems 

and changing the timing of hot water demands to optimise the household’s use of solar-

heated water. No-one could remember their documentation recommending any such 

behavioural changes.  

To summarise, those  interviewees that stated within the questionnaire that adequate 

information had been provided on the operation and maintenance of their LZC technology can 

be assigned to one of three categories. The first includes those that have received but not 

consulted such information (a finding observed elsewhere (Ghanem, 2008; NHBC Foundation, 

2012c)); consequently, their views on the adequacy of the documentation are not grounded in 

its readability or usefulness, as they have not referred to this aspect of the technology’s 

distributed inscription (Section 3.4). Instead, their judgement appears based on the knowledge 

that they have the documentation stored somewhere, though any interactions with the 

technology have not been actively shaped by it. The second category includes those who 

stated in the questionnaire that the information provided was adequate but then proceeded 
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to provide a less favourable account of it when interviewed, describing it as sparsely written or 

complicated, for example. Here, the documentation did not adequately meet householders’ 

needs. The third category appears genuinely satisfied with the documentation, which has been 

read and has helped shape technology-householder associations. Here, the documentation 

forms an effective part of the technology’s formal distributed inscription (Section 3.4). Those 

that considered inadequate information had been provided were not just referring to the 

potential absence of sufficient information; in certain instances, householders were referring 

to documentation which was either incomprehensible or deemed to be misrepresentative of 

actual arrangements. 

 

6.4 What verbal instruction is provided when moving in? 

So far, the discussion on the (in)adequacy of information has centred on the written word. In 

this section, I broaden the discussion to consider the extent to which householders receive 

verbal instructions and visual demonstrations pertinent to their LZC technology from housing 

industry representatives. I view such advice as being part of the informal distributed 

inscription (Section 3.4) pertaining to the technology, in that it is external to the set of devices, 

such as instruction manuals and control units, designed to impart relevant information. The 

impact of these verbal and visual instructions (or their absence) on embryonic LZC technology-

householder associations will be considered. The content of conversations householders 

subsequently have with other residents and with those that come to repair or maintain their 

technology (also both part of the informal distributed inscription) are discussed separately in 

Sections 9.2 and 8.2 respectively.  

Out of the 26 interviewees, 11 had not received any verbal instructions on their technology, 

whether from housing industry representatives or previous occupants (pertinent in two cases). 

In one instance, an explanation of the technology had been promised: 

‘… they actually said in their information at some stage you will have a meeting with 
the site manager who’ll explain everything to you. We didn’t really have a meeting like 
that at all – he really wanted to avoid us more than anything.’  (ID804, CHP, communal 
biomass & MVHR) 

In another of these 11 cases, the new home was being rented from a housing company owned 

by the local authority. This household received no verbal instructions on their ASHP and in fact 
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were not aware they had it until after moving in. This lack of input from housing industry 

representatives has been noted in other UK studies (NHBC Foundation, 2012c & 2012d). 

15 out of the 26 interviewees, however, did receive some sort of introductory home tour that 

included verbal instructions relating to the technology. In certain instances, the verbal 

instructions were considered quite cursory: 

‘… [the developer] just said ‘it’s going to provide about 10% of your energy’ and then 
that was basically it.’ (ID295, STHW] 

‘[The estate manager] just said well: ‘There are the switches and that’s the booster 
switch’, and that was about it.’ (ID94, STHW)  

With regards to STHW installations, no-one had been encouraged to switch off conventional 

water heating systems in summer-time, to test whether the STHW system was able to satisfy 

hot water demands on its own. Instead, the verbal advice generally advocated using 

conventional water heating systems throughout the year and most householders appeared 

shaped by this advice, trusting the way household energy systems had initially been set-up: 

‘… all I see is a massive tank and a little electronic control panel at the side and we 
were told just not to mess with it unless there is a real emergency as it knows what it is 
doing … The verbal guidance was to leave it alone … all I had was a developer who 
said: ‘Don’t mess with it’, and you don’t go against that.’ (ID833, STHW)  

‘one of the guys [from the developers] showing me round when I took the keys over – 
basically his recommendation was to run the electric heating, run the hot water 
heating for an hour in the morning, but then just see how it goes through the day. 
Solar thermal – I use it for all my hot water. I have the boiler come on for one hour 
first thing in the morning [in summer-time].’ (ID424, MVHR & STHW) 

When this last interviewee was asked whether he had ever switched off the boiler in summer-

time and tried relying solely on his STHW system, he stated:  

‘I haven’t actually because it was recommended that I didn’t.’ (ID424, MVHR & STHW) 

The following interviewee was also advised by the developer to rely on the conventional 

heating system year-round but was astute enough to realise this would not maximise her 

financial savings: 

‘I mean he said in the beginning: ‘Oh you must have those two switches on’, but I 
found by having these two switches that are on the wall, if you do have them on, then 
obviously, every night [the immersion heater] will come on and heat the water up, 
which is unnecessary.’ (ID94, STHW) 
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These last few quotes, and the following two, illustrate a common theme running through the 

verbal advice, which was not to touch the technology:  

‘When I first moved in, I was shown around by [the developer’s] site manager and the 
sales executives. And we walked upstairs, opened the airing cupboard door, and he 
said: ‘This is your [MVHR] system – doesn’t need touching, doesn’t need altering.’… 
And I said: ‘What’s that?’ and he said: ‘That is not to be touched’’ (ID805, communal 
biomass, CHP & MVHR) 

‘I was opening the windows and I had it on summer mode. Because we were told we 
were not allowed to switch it off, because it might get blocked or it might not work 
properly. So we were told to keep it on but open the windows.’ (ID1154, MVHR & PV) 

Evidence of this hands-off message has also been noted on a smaller scale by Dobbyn & 

Thomas (2005, p. 41) when interviewing three STHW households living in a UK housing 

association development; here, such communications were attributed with ‘disempowering 

residents and making them feel they were not fully in charge of the technology’. 

The last householder quoted (from this research) had a shared-ownership arrangement with a 

housing company, which might account for the high degree of involvement from the developer 

in setting out what the householder should and should not do. The householder described the 

developer who showed her around her home as ‘very condescending, very patronising’. She 

goes on to describe the advice given: 

‘‘Don’t touch this, don’t touch that, oh, just leave that on that, if that light goes off 
then phone us or phone [the maintenance contractor].’ … he was talking to me as 
though I was stupid, but he wasn’t actually explaining to me how these things worked 
...  I thought it was all very badly done actually, the way it was passed across to us. 
These houses where people don’t really understand what they’re about because there 
are so many new ideas in it.’ (ID1154, MVHR & PV) [occupant of a home built to Level 5 
of the CSH] 

This desire to further understand LZC technology was reiterated by a number of householders 

who thought that more could be done by developers to facilitate a deeper understanding of 

the technology and, indeed, some thought they should have a responsibility to do so: 

‘… it probably would have been quite useful to have had a bit of a training session.’ 
(ID295, STHW) 

‘if they had told me what an evacuated tube was, how it operated and just sat down 
for a quarter of an hour, like this, and explained it … Of course it may be different if I’d 
asked to have it installed. Then somebody presumably would have come with a sales 
pitch, explaining it to me. But the fact that it was there and nobody told me about it is 
not good.’ (ID312, STHW) 
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‘I think there’s a gap in my understanding, I think something they could have done 
better to explain is exactly how much more efficient it is and why.’ (ID608, CHP)  

‘If the design engineer came round and told me, like lectured me one hour, on how 
they did it, I would quite enjoy it. As an engineer, I am fond of understanding… I can 
use the system more efficiently if I understand how it works. (ID640, CHP) 

‘It would have been nice if when we first moved in if someone had explained that it 
was there, not necessarily from the agent, but the landlord could have got in touch, 
saying this is what you have, it’s good for heating efficiently.’ (ID817, ASHP) 

‘There’s a lot of information to read through, I really don’t have the time. I would 
much rather have somebody, you know, I think sit down with me … and not a 5-10 
minute dash around the house … Just a bit longer. I think you probably need a couple 
of hours really to go through how all the different things work in this house. (ID1154, 
MVHR & PV) 

‘Developers are rewarded for installing such devices, but they should also be required 
to provide sufficient training/documentation on their use.’ (ID732, STHW – comment 
made on questionnaire) 

Echoing some of these sentiments, the NHBC Foundation (2011b) has suggested that 

householders need more time at the hand-over stage in order to understand attributes of their 

low energy homes. They state that for ‘new homes, practical demonstrations and inductions 

are often offered’ (NHBC Foundation, 2011b, p. 9). From my research, however, I would 

conclude that although 15 of the 26 interviewees did receive some form of introductory home 

tour, this was often deemed inadequate and would not have promoted the effective 

enrolment of householders into using and maintaining their technology in a way that would 

maximise its potential to reduce domestic CO2 emissions. This finding concurs with that from a 

recent UK survey of ten householders in MVHR-fitted new homes101, where only 29% ‘found 

their home induction useful’ (NHBC Foundation, 2013a, p. 12); similarly, Stevenson et al. 

(2013) researched two new UK developments and established that handover processes 

typically excluded demonstrations of installed LZC technology. 

New occupants are typically presented with a wealth of information to assimilate on how 

different aspects of their home function (such as kitchen and washing appliances). A few 

householders suggested that this was not the optimum time to instruct them on matters 

relating to LZC technology. Some felt it would have been more productive to have imparted 

such information once they had settled in and could focus better on what was being said. This 

viewpoint supports the notion of ‘reminder sessions’ for householders, a suggestion 

                                                             
101 Built to CSH Level 6. 
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emanating from research on particularly low energy UK housing with a multitude of novel 

technologies installed (NHBC Foundation, 2011b, p. 9). 

Confusion can arise when there are two or more groups providing conflicting information. In 

one development with three separate communal energy systems, the developer, management 

company, technology specialists and local planning department presented varying 

interpretations to householders on the intended role and current operating status of the 

different energy systems: 

‘Part of the issue is that the information that we have been provided with from when 
we first ever came to look at the development through to purchasing, then following 
our complaints [to the developer, local authority and management company], there 
seems to be a lot of misinformation, and a lot of contradictory information.’  (ID786, 
communal biomass & CHP) 

Verbal advice and instructions from developers may be instrumental in determining what 

householders come to expect from their technology in terms of energy provision, but this may 

or may not shape how householders subsequently interact with their technology. The 

following two examples illustrate this point: 

‘when we moved in we were told that [the STHW system] should provide 70% in the 
summer and in the winter maybe 20-30%.’ (ID928, STHW) 

Despite being informed that their STHW system should be able to provide the majority of hot 

water needs in summer-time, this couple had not thought to try and rely on it during this 

season. They still had the boiler come on two hours in the morning and evening to heat the 

water; nobody had advised them to do otherwise. In the next example, the householder’s 

expectations had been curbed: 

‘But because [the developer] said it had something to do with 10% of your water will 
be heated – that’s what they said that it would give you, 10% or so.’ (ID295, STHW) 

Believing that the technology would, at best, only provide 10% of hot water needs meant that 

this householder had never considered relying solely on the technology at any point. The 

conversation with the developer had set expectations so low that he had given the technology 

little attention during his four years in the flat. During the interview, this householder was 

surprised to learn that the technology had the potential to contribute more significantly to 

meeting hot water requirements. By this time, he had rented out his property and was 

disappointed at what he now regarded as a wasted opportunity.  
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A few interviewees mentioned that those who advised them on their technology did not seem 

to sufficiently understand it themselves: 

‘I don’t think he really understands them.’ (ID94, STHW) – [commenting on the estate 
manager at an extra-care establishment and his knowledge of STHW technology] 

‘And the developer didn’t really seem to know what was going on with the heating 
anyway. … He didn’t seem like he had read the manuals. It seemed like he’d been 
given a set of instructions for showing us around …’ (ID833, STHW)  

‘Everyone said they’re all new to it. So the people who were selling it to us couldn’t 
explain it because they didn’t understand it.’ (ID804, CHP, communal biomass & 
MVHR) 

One interviewee was a developer and had selected an ASHP for his new home and for the 

neighbouring two properties. He acknowledged that he did not know enough about the ASHP 

to adequately explain how it worked to potential buyers: 

‘Most people … coming round to look at it were positive but they didn’t understand it 
and, sadly, I didn’t understand it either: ‘How does it work?’ ‘Don’t know.’’ (ID1023, 
ASHP) 

This potential lack of understanding would constrain developers’ ability to adequately inform 

and enrol householders into productive technology-user associations. Evidence for developers’ 

lack of understanding of installed LZC technology comes from recent research on on-site sales 

teams (NHBC Foundation, 2013b), social housing (Monahan, 2013) and the handover process 

(Stevenson, Carmona-Andreu, & Hancock, 2013). 

Stevenson & Rijal (2010, p.552) note how the ‘formal introduction to the home is the first 

critical interface between the inhabitant and their interaction with the building’ and that this 

introductory process can significantly shape ‘the effectiveness of user interaction 

subsequently’. They highlight that evaluating these introductory processes is especially useful 

where developers have installed new types of technology. The findings from this research 

provide evidence of the shaping potential of such introductory processes; they also highlight 

that these processes tend to promote a non-interactive form of engagement with LZC 

technology, which may adversely influence the degree to which technologies are optimised, 

both in terms of their operation and maintenance (Section 8.3). 

A large proportion of householders wanted more information and advice than received, not 

just on how the technology worked but on how to operate it, potentially alongside 

conventional energy systems, to maximise the benefits gained (a finding in line with research 
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by Munzinger, et al. (2006) and Monahan (2013)). The additional sources of information to 

which householders turn are described in Section 7.2. In addition to insufficient advice, there 

are other factors that householders perceive as hindering their ability to optimise LZC 

technology, and these are discussed at various points in Chapters 7 to 10. 

 

6.5 What kind of knowledge do departing residents impart to newcomers?  

The research findings in this following section contribute to an under-researched area of study 

by providing a limited insight into the degree to which information on LZC technology passes 

between successive occupants of newly built homes. Where interviewees were not the first 

occupant of their home, I explored the nature of any information on the LZC technology 

imparted or made available by the previous occupant. I identified two relevant cases, both 

relating to owner-occupiers. In the first case, a couple moved in and found an instruction 

manual relating to the STHW system, but no verbal advice had been provided by the previous 

owner.  Similarly in the second case, the new occupant was provided with documentation but 

no verbal advice: 

‘Well, when I moved into the flat, I was disappointed I didn’t meet the owner ... So I 
asked the estate agent to ensure he was going to leave all the instructions. Well, the 
file is about four or five inches wide with all the instructions on what is in the flat.’ 
(ID265, STHW) 

Another interviewee had recently vacated his flat and was now renting it out via an estate 

agency. When asked whether his tenants knew they had a STHW system, he replied:  

‘They may not. They probably wonder what that white box in the cupboard is. We’ve 
got the instruction manual; we’ve left it there for them. They can see it’s related to 
solar panels, but they may not know how it works.’ (ID295, STHW) 

This particular householder had lived with a STHW system for four years but was unclear as to 

whether it provided hot water or electricity, and the technology had not influenced his 

domestic activities in any way. Thus, in this instance, the absence of a verbal handover had its 

merits as any discussion might have misled rather than informed the new tenant. So, in none 

of the three cases outlined did the new occupants benefit from any technology-related 

knowledge gained by the previous occupants, though relevant documentation was transferred. 

An instance where no documentation had been handed over, however, was noted during 

fieldwork, via a door-step conversation with someone who had not received any information 
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at all from the previous, renting tenants. She was aware of equipment in her loft; she did not 

know what it was but said it was switched off. Based on my conversations with nearby 

residents, it seems probable that this idle equipment was part of a MVHR system. The 

observation that instructions on LZC technology are not always passed between successive 

occupants concurs with reports that this is typical of the passing on of household instruction 

manuals in general (NHBC Foundation, 2011b). 

In none of the four cases noted had occupants received any verbal advice relating to the 

technology from the previous occupant, and will therefore not have benefited from any 

experiential knowledge that they might have gained. The findings in this sub-section suggest 

that departing residents do not form part of the informal distributed inscription (Section 3.4) 

pertaining to LZC technology. Instead, they may diminish the formal distributed inscription by 

not circulating relevant documentation. In such instances, previous occupants may hinder the 

development of subsequent LZC technology-householder associations rather than promote the 

re-domestication (Lie & Sørensen, 1996) process, and those commencing the re-domestication 

process may start out from a less-informed set of socio-technical associations.  

 

6.6 Conclusions 

The purpose of this chapter was to describe and appraise aspects of the embryonic LZC 

technology-householder association. In Section 6.2, I provided an improved understanding of 

LZC technology’s agency within mainstream UK housing, with 39% of survey respondents 

acknowledging that the technology had positively contributed to the home selection process; 

in other words, 39% of respondents could be viewed as actively appropriating the LZC 

technology. For a proportion of the 37% who were ambivalent about such agency, the 

potential for this to manifest itself was prevented by either the absence of information on the 

technology within the marketing and sales process or the lack of attendance to any such 

information made available. 

In Section 6.3, I contributed to a more informed evaluation of the adequacy of developers’ 

documentation on installed LZC technology, as perceived by householders. The distribution of 

perceptions paints a polarised picture with 42% of those surveyed reporting satisfaction with 

the information, 46% reporting dissatisfaction and 12% adopting a middle ground. This 

polarisation extends across technology and tenancy types. Some of those initially reporting 

satisfaction with the information in the survey, provided a less favourable account when 
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interviewed, describing the information as sparsely written or complicated. Others who 

reported satisfaction had not actually referred to the documentation  – here, satisfaction 

appears based on the knowledge that they have it stored somewhere, rather than on its 

readability or usefulness, and any interactions with the technology have not been actively 

shaped by the documentation. For those expressing dissatisfaction with the information, the 

interviews highlight that this does not just stem from instances where there is insufficient 

documentation; it also arises where the information is incomprehensible or deemed to be 

misrepresentative of actual arrangements.  

In Section 6.4, the research findings contributed to an improved understanding of the ways in 

which verbal advice received from housing industry representatives influences the 

development of LZC technology-householder associations, an area of study that has received 

little attention. 42% of interviewees did not receive any verbal instructions or descriptions 

relating to their technology when moving in, and many wish that they had. Where 

interviewees received some form of home tour which referred to the technology, the housing 

industry representative typically assigned the householder a passive role with regards to the 

technology, advocating that they did not touch it or change the settings; in effect, these 

representatives verbally black-boxed the technology and configured the householders as 

passive users with a non-existent or minimal operational role. A significant proportion of 

householders were initially shaped by verbal instructions received, but a few were sufficiently 

knowledgeable and confident to deviate early on from the non-interactive role advocated. 

Several householders thought that developers themselves lacked a sufficient understanding of 

the technology and that this was the underlying cause of the inadequate level of advice given.  

In Section 6.5, the research findings contributed to another under-researched area of study by 

providing a limited insight into the degree to which information on LZC technology passes 

between successive occupants of newly built homes. In three cases, documentation had been 

left for new occupants but in one case it had not. In none of the four cases had occupants 

received any verbal advice relating to the technology from the previous occupant, and will 

therefore not have benefited from any experiential knowledge that they might have gained. 

These findings suggest that departing residents do not form part of the informal distributed 

inscription pertaining to LZC technology (Section 3.4). Instead, they may diminish the formal 

distributed inscription by not circulating relevant documentation. In such instances, previous 

occupants may hinder the development of subsequent LZC technology-householder 

associations rather than promote the re-domestication (Lie & Sørensen, 1996) process, and 
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those commencing the re-domestication process may start out from a less-informed set of 

socio-technical relations.  
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Chapter 7: Getting on with LZC technology 

7.1 Introduction 

Having explored aspects that contribute to the shaping of embryonic LZC technology-

householder associations, in this chapter I describe and appraise how householders come to 

use, regard and interact with their technology in the longer-term, identifying key determinants 

influencing the progressive shaping of LZC technology-householder associations. Four 

elements to this are discussed, encompassed mainly by the objectification and incorporation 

components of domestication (as discussed in Section 4.2)102. Firstly, I consider the extent to 

which householders seek to understand their technology by referring to, and supplementing, 

the information initially received. The findings demonstrate the distributed nature of the 

formal and informal information sources guiding householders’ actions (Section 7.2). 

In Section 7.3, I examine the ways in which LZC technology and associated controls are 

arranged within the home and how these arrangements influence householders’ interactions. I 

also attend to the influence of the initial technological settings.  I then focus on how feedback 

from the technology engages householders and shapes perceptions and actions, revealing the 

different modes of feedback associated with four technology types (Section 7.4). Lastly, I 

highlight how certain events may significantly influence the development of LZC technology-

householder associations (Section 7.5).  

Through the discussion, the following five research questions are addressed: which sources of 

information do householders refer to in order to improve their understanding of LZC technology 

(Section 7.2); how are users configured by the design, placement and settings of LZC technology 

(Section 7.3); to what extent does feedback from LZC technology engage householders and 

shape actions (Section 7.4); to what degree does LZC technology exhibit agency in everyday 

temporal affairs (Section 7.4); and, what trials (experiences, interactions or receipt of new 

knowledge) trigger householders to shift and re-stabilise their socio-technical relations as part 

of the on-going domestication process (Section 7.5)? 

 

                                                             
102 Repair and maintenance processes, intra-household associations and ascribed meanings are also 
encompassed by these two domestication components and are attended to in Chapters 8 and 9. 
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7.2 Seeking to understand LZC technology 

In this section, I establish the extent to which householders refer to, and seek to supplement, 

the information initially received, given that 46% of surveyed householders were dissatisfied 

with such information (Section 6.3).  61% and 35% of surveyed householders (n=122) refer to 

the instruction manual and some form of home user guide respectively (Figure 7.1), 

information likely to have been initially provided and therefore part of the formal distributed 

inscription for the technology. This finding contrasts somewhat with previous research that 

suggested (in qualitative terms only) that householders ‘do not tend to look at manuals’ (NHBC 

Foundation, 2012c, p. 12). The main alternative information sources, to which 44% of 

householders in this research turn, are the technology’s installer or a maintenance company; 

the reason for this is examined in Section 8.2. The next most popular information source, to 

which 29% of householders turn, are neighbours (or potentially other acquaintances) who 

have similar technologies. The extent and nature of these inter-household associations is 

examined in Section 9.3. 18% of householders make use of the manufacturer’s helpline and 

the same proportion use the internet to search for information. Lastly, 14% identified a 

household member as an information source; the extent and nature of intra-household 

discussions on LZC technology is explored in Section 9.2.  

 

Figure 7.1.  Which sources of information do householders use to help them maximise the 

performance of, and benefits from, their LZC technology? (n=122) 
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These results illustrate the diversity of supplementary information sources turned to as 

householders build-up their socio-technical networks in pursuit of a better understanding of 

their newly acquired technology (also evident from Munzinger et al.’s (2006) study on 

retrofitted and new build PV systems). These supplementary sources form part of the informal 

distributed inscription that shapes householders’ interactions. 

11% of surveyed householders, however, had never referred to any information on their 

technology. This group consisted of 14 householders, of which three were served by 

communal LZC technology, where responsibilities for operation and maintenance would reside 

with a management or energy services company. The remaining 11, however, would have had 

full or partial (in the case of shared-ownership arrangements) responsibility for their 

technology. Given the lack of reference to any information source, it would be tempting to 

deduce that these householders were all indifferent to their technology. However, through the 

survey, only five confirmed such disinterest, two were ambivalent about the technology and 

the remaining seven expressed interest in it. 

To summarise, the findings demonstrate the distributed nature of the formal and informal 

information sources guiding householders’ interactions with their LZC technology. I now turn 

to the more physical aspects of these installations. 

 

7.3 How are householders configured by design & settings? 

7.3.1 Introduction 

In this section, I consider the ways in which LZC technology and associated controls are 

arranged within the home and how these arrangements shape (or configure) the nature of 

householders’ interactions. I also consider the extent to which initial technological settings 

influence householders. (Monitors and meters, and the feedback they provide, are considered 

separately in Section 7.4). The analysis is based on 26 interviews and also door-step 

conversations. Three technology types (STHW, ASHP and MVHR systems) are examined to 

illustrate the various ways in which users are shaped by designs and settings. I turn first to 

STHW systems, the most predominant form of technology installed (Section 5.6). 
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7.3.2 STHW 

The main components of STHW systems mentioned by householders were roof-top panels, hot 

water tanks, pumps and monitors. Particularly in blocks of flats, panels are often situated out 

of view, limiting visual reminders of their presence. The hot water tank, pump and associated 

pipework are similarly placed out of general view in a cupboard; here, if component parts are 

displayed, their seeming complexity can instil confusion, deterring householder interactions: 

‘… there is a huge amount of pipework in there. There’s the hot water tank, … there’s 
all the heating pipes, there’s about three pumps in there along with a couple of 
meters. I mean, it’s just chaos.’ (ID928, STHW)  

‘… this doesn’t look very neat, there seems to be lots of pipes and tubes and things.’ 
(ID256, STHW) 

Householders can be further hindered from taking an active interest by the technology’s 

partial placement in an airing cupboard, where it may sit hidden behind shelves of linen. This 

is, of course, a typical location for conventional hot water tanks and this constancy reinforces a 

business-as-usual approach from some householders, who pay no more attention to their 

STHW system than they would a conventional hot water system: 

‘Because it was hidden away in the cupboard, if you didn’t go in the cupboard, you 
forgot it was ever there.’ (ID295, STHW) 

Typically, airing cupboards are positioned in accessible hallways, but one interviewee 

mentioned it was inconveniently located in someone’s bedroom: 

 ‘…it’s in my flatmate’s room, so it’s not something I check.’ (ID833, STHW) 

These examples illustrate how the ways in which the technology is embedded within the 

spaces of the home can contribute to configuring householders as passive users (which 

concurs with Ghanem’s (2008) analysis of domestic PV systems).  

Householders moving in with STHW systems can be partitioned into those that feel sufficiently 

confident to override initial settings for the hot water system and those that do not. The 

former will be considered first. Conventional hot water systems typically consist of an 

immersion heater and/or gas boiler. In one flat, although the immersion was initially set to 

come on nightly for a defined period, a pre-installed programmer enabled the householder to 

amend the settings and reduce immersion winter usage to one hour. This timing was halved in 

spring and autumn, with immersion usage ceasing in summer.  In certain other flats, 

immersion control was initially enabled only via an on/off switch; here, absence of a 
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programmer limited the householders’ ability to tailor immersion usage without significant 

input of effort. One householder willing to put in this effort, manually switched the immersion 

on and off between 10.30pm and 11.30pm on days when the STHW system could not meet her 

needs. Here, the immersion had been set-up by the installer to kick-in when the off-peak 

electricity supply commenced at 10.30pm, but without her input it would have continued 

running until 7.30am, which she considered unnecessary. Another interviewee without a 

programmer kept his immersion on constantly in winter, but switched it off in summer once 

the STHW system could adequately meet his hot water requirements. These examples 

illustrate the range of ways in which householders override initial settings, as constrained and 

enabled by the affordances (Marres, 2010)that available controls provide. 

For those retaining initial settings, one explanation given was that STHW and conventional 

systems appeared unapproachable. Poor understanding of how systems worked, together with 

seemingly complex programmers, led certain householders to adopt unquestionably the 

settings in place. For one such interviewee, whose immersion lacked a programmable unit, the 

immersion was switched on constantly all year: 

‘The immersion heater is on all the time and it just keeps it topped up, so if there is 
kind of no hot water coming from the solar thermal, it will run the entire heating 
system. I think it’s controlled by an electronic system which just kind of measures the 
amount of hot water coming from the solar thermal and then goes, right we need this 
extra amount coming from the immersion …’ (ID833, STHW) 

She had not questioned the soundness of this set-up as the developer had advised her to leave 

it this way and she assumed the settings optimised the technology. Another householder had 

not altered any initial settings (including that for the gas boiler) as he did not understand the 

technology. These examples highlight that there are householders insufficiently confident (or 

inquiring) to alter initial settings, partly due to the unapproachability of household energy 

systems103. This finding emphasises the importance of installers (or potentially developers) 

selecting appropriate settings. 

With regards to appropriate settings, research has shown that the effectiveness of STHW 

systems is dependent on whether and when alternative modes of water heating are employed 

(Hill, et al., 2011; Lloyd & Kerr, 2008; Hernandez & Kenny, 2012). Hill et al. (2011) found that 

65% of 55 STHW-users had their boiler on in the morning and that this caused them to lose 

75% of their potential energy savings. They concluded that STHW-users should avoid using 

                                                             
103 The perceived complexity of household energy systems incorporating STHW systems has been 
observed elsewhere (Bell, et al., 2010). 
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alternative modes of heating systems until the ‘main warmth of the day’ has passed (Hill, et al., 

2011, p. 1). The research in this study has highlighted that such guidance has not been 

effectively circulated to many householders, as discussed further in Section 7.4.2. 

In summary, the research highlights that the low visibility, inaccessibility and perceived 

complexity of STHW systems may hinder householders’ interactions with this technology. 

Accordingly, householders can be partitioned into those that override initial settings for the 

combined hot water system, in order to reduce overall energy consumption, and those that do 

not. Reluctance to interact physically with the technology was also noted with ASHPs, as 

turned to next. 

 

7.3.3 ASHP 

Three interviewees had an ASHP, providing space heating and hot water. Regarding the extent 

to which householders had been shaped by the technology’s design and capabilities, two 

common themes emerged; space heating patterns and modes of temperature control.  All 

three had been advised, via written or verbal instructions, to run the ASHP constantly during 

periods of the year when heating was required, and they followed this advice. (Here, the 

actions subscribed to by the householders met the requirements of the technology’s 

prescription (Section 3.4)). The systems incorporated comprehensive programmers that 

enabled a degree of fine tuning to be introduced into heating patterns. However, each 

householder avoided the programmer and relied instead on the thermostat as the primary 

control mechanism (a finding also reported for conventional heating systems (NHBC 

Foundation, 2012c)). This reliance on the thermostat has been observed in a larger-scale study 

of GSHP and ASHP users, where only 54% of heat pump104  users considered controls and 

displays to be ‘easy to understand and use’ (Caird, Roy, & Potter, 2012, p. 289). 

One householder from this research, for example, ran the heating constantly at 20oC during 

the day and 18oC during the night: 

‘And we found with the pump that we have now we simply set the temperature with 
the thermostat and then all around the house we work it at that temperature … after 
8pm at night, which is when the kids go to bed and everyone is snugged in, I set the 
thermostat and the boiler will follow whatever the thermostat [states].’ (ID817, ASHP)  

                                                             
104 Covering ASHPs and GSHPs 
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The other two households also ran the heating constantly, with the thermostat at 21oC ‘24/7’ 

in one case and, in the other, night-time temperatures were set at 15oC, rising to 18oC during 

the day. In summer-time, this last householder kept the ASHP system on as this constituted 

the easiest available course of action: 

‘I just leave it set between 15oC and 18oC. And, alright, if temperatures drop then it’ll 
come on and if not, it won’t. From that point of view, I haven’t got to think about it.’ 
(ID1056, ASHP) 

Adopting this approach removed any need to interact with the programmer and this may have 

been a factor in not switching the system off in summer-time; this householder found the ‘tiny, 

weeny knobs’ on the programmer hard to discern. For the other two householders, the 

perceived complexity of the programmer may have led to their reliance on the thermostat: 

‘… it’s got everything in there; it’s got a seven day programmer and you have an ‘on’ 
and ‘off’ four times a day. So you can programme it to what you want it to do ... I think 
basically it’s fairly straightforward, if anything, it’s almost over-complicated and 
doesn’t need to be there – but that is modern technology.’ (ID1023, ASHP) 

This householder regarded the presence of the detailed programmer as surplus to his 

requirements.   

As with conventional central heating systems, ASHPs provide space heating by distributing 

heated water (via under-floor pipework or radiators). A key difference, however, is that the 

water temperature achieved by an ASHP is significantly lower than that from a boiler (DEE, 

2011). In order to attain customary indoor temperatures, therefore, ASHPs need to 

compensate for this limitation by operating for longer periods of time in order to deliver the 

quantities of heat required. Likewise, ASHPs are not able to heat cold spaces up as quickly as 

conventional heating systems105 due to their lower heat output, a relative limitation that again 

supports a more constant mode of operation to prevent significant drops in indoor 

temperatures.  

Given the fundamental design, workings and attendant limiting capabilities of ASHPs, 

householders have had to use it in particular ways in order to attain customary indoor 

temperatures (also noted by Owen, Mitchell, & Unsworth (2013)); this has been learnt through 

‘trials’ (Lehtonen, 2003, p. 364) and instances of discomfort. To secure desired day-time levels 

of thermal comfort, resultant night-time temperatures have become higher than before. One 

                                                             
105 In research by Caird, Roy & Potter (2012, p.291), for example, 26% of 27 ASHP-users complained 
‘about the slow warm up of the heating’. 
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householder, for example, had night-time temperature now at 15oC, compared to 9oC in her 

previous home. The other two householders previously turned heating off at night-time. Thus, 

an unsought, but not unwelcome, by-product of altered heating patterns is additional 

nocturnal thermal comfort (also reported by Singh, Muetze, & Eames (2010))106. This is not 

deemed to be an example of ‘comfort taking’107 (Owen, Mitchell, & Unsworth, 2013, p. 830) 

but more the imposition of nocturnal comfort in order to attain habitual day-time comfort 

levels. In this research, ASHPs have exhibited agency through their ability to cause 

householders to change their heating routines. Householders have developed effective 

associations with the technology that deliver required daytime comfort levels, but in so doing 

required night-time comfort levels are exceeded. I now turn to the last technology considered 

in this section, MVHR systems, which have impacted on householders in rather different ways. 

 

7.3.4 MVHR108 

The findings discussed in this section are derived from five interviews and four door-step 

conversations. A major design aspect influencing how users reacted to MVHR systems centred 

on the tolerability of associated noise. In certain instances, the noise was deemed intolerable 

and householders decided to either reject the technology by disconnecting it or partially reject 

it by reconfiguring it; here, the technology’s noisy nature caused it to fail its initial ‘trial’ 

(Lehtonen, 2003, p. 364)(Section 3.4), causing users to react and re-shape the technology. This 

illustrates the unintended agency (Section 3.4) that technologies may exhibit, which in this 

instance would be construed as negative in relation to CO2 reduction efforts. These cases are 

examined further in Section 7.4. This section focuses instead on those who do use the 

technology and how they are influenced by its layout, design and controls.  

                                                             
106 Caird, Roy, & Potter (2012) also report that 65% of 23 ASHP-users often or usually have space heating 
on at night-time, but it was unreported as to whether this always constituted a change in previous 
routines. 
107 Where cheaper heat provision leads householders to afford more energy in the pursuit of desired 
comfort levels (Owen, Mitchell, & Unsworth, 2013). 
108 MVHR systems contribute to space heating by recycling heat; heat is extracted from stale air to be 
discharged via the ventilation system and then inputted into fresh air entering the building. In new 
homes, MVHR systems are expected to operate constantly to reduce energy consumption and to 
provide sufficient ventilation. There are typically two operating modes: winter mode, when heat is 
recycled, and summer mode, when heat is not recovered but mechanical ventilation continues. 
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In households where the technology had not been actively rejected, the MVHR units were 

either installed within the attic or within cupboards on the top floor, in relatively unfrequented 

spaces. The controls tended to be limited; apart from an on/off switch, which householders 

were typically unaware of, the controls amounted to a switch enabling householders to alter 

the technology’s setting between summer and winter operating modes. The frequency of this 

adjustment differed between two particular households; one where the switch was in a well-

used location and one where it was isolated. With the former, the switch was accessibly 

located on the ground floor and the householder interacted with it in response to outside 

temperatures and perceived levels of stuffiness inside: 

‘You can do that whenever you want to, can switch it to summer mode. Just when it 
gets – I just do it when it gets – you can do it manually on the thing, and then switch it 
back to winter the next day if it gets cold again.’ (ID1154, MVHR & PV) 

So, in this instance, the switch-over between operating modes was a flexible, interactive 

arrangement wherein the householder was effectively enrolled in this aspect of the 

technology’s control. In the second household, the switch was on the third floor and the 

householder needed to remember to switch it over in spring and autumn: 

‘… the red/blue dial is actually in a cupboard, in the bathroom on the top floor. It’s 
about as tucked away as it could be really.’ (ID424, MVHR & STHW)  

This was the only technology-user interaction; the positioning of the technology and switch in 

unfrequented places configured the householder as very much a passive technology-user with 

a limited bi-annual role: 

‘… the ventilation system feels like essentially a passive thing from my point of view, I 
just twist a knob … You could argue that as you only have to do it twice a year that’s 
not a big hardship going up there, but I suppose people forget about it completely; 
whereas, maybe if you had it alongside the central heating control panel, they’d see it 
on a more general basis.’ (ID424, MVHR & STHW) 

Although this householder remembered to fulfil his limited role, he suggested that not 

everyone would109. A need for such user-interaction is circumvented where the design 

excludes the need for householder involvement in making this switch (here, more 

competencies are ascribed to the technology (Section 3.4)). Such a situation was described by 

one householder whose MVHR system had always been on an ‘Auto’ setting and ‘so runs 

itself’. His understanding was that the system changed its settings automatically, depending on 

                                                             
109 In Macintosh & Steemers’ (2005) study on 38 MVHR-users in the UK, 47% did not interact with 
operating controls, but this was mainly attributed to a lack of understanding of what the technology was 
for. 
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outside temperature, for example. This householder was excluded from any direct, interactive 

role by the technology’s location and control settings (wherein it had assumed a black-box 

status); however, he did take on board an indirect, interactive role whereby he generally kept 

windows shut as he understood that this optimised the system. This householder considered 

that maximising the MVHR system’s effectiveness had contributed to a low dependence on the 

gas central heating system, which was only required for a couple of months a year. 

For these householders, the technology had been switched on by someone prior to them 

moving in, and the on/off switch’s location was unknown. This can be considered a ‘hands-off’ 

design where users are not enabled to fully control the technology.  This design approach is, 

however, not failsafe; it may not deliver the intended outcome of a continuously operating 

system when someone moves into a home where the technology has either not been activated 

by the developer or has been deactivated by the previous occupant. Examples of such 

scenarios were provided through door-step conversations. One householder described how 

there was a large tube-like structure in the loft, which was switched off. She had moved in to 

her property after it had been vacated by previous tenants and no information had been 

transferred. From talking to some of her neighbours who knew they had a MVHR system, it is 

likely that this householder also had such a technology installed. One of these neighbours 

described how she had a MVHR unit in the attic but she had never seen it. There was no 

indicator or switch in the living space to show whether it was actually switched on and there 

was no sound emanating from it.  

These cases demonstrate how distancing users, and configuring them as passive, can backfire. 

Although this design approach may successfully prevent householders from tampering with 

the technology and accidentally deactivating it, this distancing can also prevent the technology 

from being activated by those moving in, should this be necessary; the technology’s out-of-

sight location and the lack of evident, labelled controls can lead to systems remaining dormant 

long-term.  

It is also evident that separating the technology from householders does not effectively 

protect it from their actions when it is unacceptably noisy (Section 7.4). In one such example, a 

householder wanted to switch their MVHR system off for the majority of the time but could 

not locate its on/off switch. After initially protesting that the unit needed to stay on, the 

development site manager relented and identified the on/off switch for her in the airing 

cupboard. It was: 
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 ‘Unmarked, just like a little fuse switch.’ (ID805, CHP, communal biomass & MVHR)  

This resident was not the only one in her development who was driven to reconfigure the 

technology by its unacceptable noise levels. This illustrates that it would be difficult to design 

out the potential for householders to reconfigure this technology if they really wished to110. 

In this section, I have considered how the physical arrangement of LZC technology and 

associated operating controls, and the technology’s inherent capabilities (for ASHPs), can 

shape the extent and nature of householders’ interactions with it. Attending to three 

technology types has illustrated the different ways in which these interactions are influenced 

by design and settings. According to Stevenson & Rijal (2010, p.552), there ‘has been little 

evaluation of the various user interfaces in the domestic sector and their effect on housing 

performance’. This section’s findings and those in Section 7.4 (as both summarised in Section 

7.6) contribute to an improved understanding of how the design of LZC technology and how it 

is embedded within the home influences its usage and associated performances. 

 

7.4 To what extent does feedback engage householders & shape actions?  

7.4.1 Introduction 

In Section 7.4, I shift the focus onto householders’ engagement with feedback on how their 

LZC technology is operating, both in terms of what feedback householders engage with and 

whether this influences actions.  Published research on feedback from domestic energy 

systems has mainly focused on the behavioural impact that total household energy 

consumption data has on householders (Darby, 2010; Hargreaves, Nye, & Burgess, 2010) but 

engagement with LZC technology-derived feedback in mainstream new housing has not yet 

been researched in any detail. In addressing this omission, I consider the feedback content and 

the positioning of any feedback devices111 (monitors and meters). Four technology types 

(STHW, ASHP, PV and MVHR systems) are examined in order to highlight the various ways in 

which users become shaped by formal and informal modes of feedback. 

 

                                                             
110 In a review of research into domestic energy systems, the NHBC Foundation (2012c) concluded that 
removing control of these systems from householders can lead to frustration. 
111 For STHW and PV systems, such devices pertain to energy generation as opposed to energy 
consumption (as researched by Darby (2008) and Hargreaves, Nye, & Burgess (2010), for example); for 
ASHPs, feedback devices are restricted to the normal household energy consumption meters.  
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7.4.2 STHW 

15 interviewees had STHW systems which included, in all but one case, feedback monitors. 

Based on frequency of interactions with available feedback and the degree to which actions 

were subsequently shaped, five householder categories were distinguished (Table 7.1). At the 

most interactive level (Category I), one householder sought feedback (via the monitor and 

informal means) every few days year-round, and this influenced actions on an on-going basis: 

‘You can tell to a certain extent because it’s a very big tank and it’s in a cupboard … so 
whenever I walk in the cupboard, you can always feel the heat … And walking in the 
cupboard today [27th February], it does feel reasonably warm in there so I certainly 
won’t bother to put [the immersion] on tonight.’ (ID94, STHW) 

This householder regularly dried her bath towel in the airing cupboard containing the hot 

water tank. She only used her immersion, if required, between 10.30pm and 11.30pm, thus 

any heat emanating from the tank during the day derived from the STHW system. As the 

immersion switch was in the cupboard, and she switched the immersion on manually, she 

effectively made a daily conscious decision about whether to just depend on the STHW 

system, as guided by the informal thermal feedback received and also monitor readings: 

‘… there’s a temperature gauge as to the temperature of the water coming back down, 
or whatever it is. Yesterday, was it yesterday when the sun was shining? Yes, it had got 
up to 60 degrees, which was pretty good for this time of the year [27th February].’ 
(ID94, STHW) 

Thinking through this case, a combination of routines (drying towels in the airing cupboard, 

manually activating the immersion, if needed, and referring to the monitor), coupled with a 

sensitivity to the hot water tank’s thermal feedback, enabled this householder to respond 

flexibly and knowledgeably to the technology year-round. She thereby maximised its 

contribution to hot water provision (the solar fraction112). However, the timing of her hot 

water consumption remained unaltered - all the major hot water draws occurred late evening, 

as was her norm in previous homes. This singular case represents an example of year-round, 

influential interactions with the feedback device and an informal mode of feedback, which 

shape behaviour on an on-going basis (in terms of the potential for daily adjustments in 

immersion usage).  Here, the STHW system’s on-going agency is enabled by, and distributed 

                                                             
112 The solar fraction can be defined as follows (rewording the equation provided by BRE (2008)): 
 
Solar fraction = (Heat from STHW system)/(Heat from STHW system + Heat from boiler or immersion) 
 
A range of measured and estimated solar fractions have been quoted for STHW systems: 40-50% (EST, 
2006a); 35% (EST, 2010a); 9-98% (with a median of 39%) (EST, 2011b) and 26-70% (BRE, 2008). 
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through, the formal and informal modes of feedback with which the householder chooses to 

engage. 

In Category II, frequent feedback was sought by householders but this only influenced the 

timing of specific seasonal actions. The first example involves a householder who checked his 

monitor on alternate winter days and every summer day:  

‘… when I know it’s working I check when I come in what the temperature of the water 
is and you might check in the morning as well, so you have got some idea of whether 
it’s heated up or not.’ (ID155, STHW) 

This householder had a more structured dependence on his immersion than the previous 

example in Category I, whereby it operated for an hour on winter days, 30 minutes on spring 

and autumn days and not at all in summer-time. So, although he had highly frequent 

interactions with the monitor, the feedback obtained was only acted upon infrequently when 

gauging when to switch between seasonal heating patterns, as opposed to shaping daily 

immersion usage. In summer-time, solar-heated water met all his needs and he never altered 

the timing of hot water consumption to fit in with outputs from the STHW system. This mode 

of interaction with feedback was observed with another householder, where the interaction 

was weekly: 

‘There is a multi-function dial on the pump unit, where the solar thermal water comes 
in to the tank cupboard. And the thing I look at almost exclusively is what temperature 
the collecting water is, because that gives you a fair idea about how things are 
working.’ (ID240, PV & STHW) 

This householder had the boiler on three hours morning and evening in winter, three hours 

per morning in spring and was expecting to switch it off in their first summer in the home. 

These two examples can be viewed as year-round, inquisitive interactions with feedback 

devices which lead to the shaping of behaviour on a seasonal basis (confined to the timing of 

seasonal adjustments in immersion usage).  

Category III householders also sought feedback frequently but alternated between two (not 

three) heating modes, where conventional heating systems were either on or off – and there 

were no other seasonal adjustments. One householder checked her monitor every few days, 

whilst using the airing cupboard, to see what temperature the panel was heating the water to: 

‘Well, I have a very big airing cupboard. The towel that I use to shower – I dry it in 
there. If I want to, I can look and see what the temperature is.’ (ID265, STHW) 
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The monitor also showed a yellow light when the technology was operating. This householder 

moved in in August and depended solely on her STHW system until October, after when the 

boiler was operated 30 minutes morning and evening. This heating pattern sufficed the whole 

winter. The interview took place mid-March when she was beginning to think the STHW 

system’s effectiveness was approaching a point when she could switch the boiler off.  The 

second householder in this third category checked the monitor on a weekly basis:  

‘So, it is exceedingly efficient but it is really only worth collecting the heat from it, say, 
April through to October.’ (ID273, STHW) 

Here, monitor checking continued throughout summer, partly because the system had failed 

previously and so the householder remained watchful. These two examples involved year-

round, inquisitive interactions with feedback devices which led to the shaping of behaviour on 

a twice-yearly basis (confined to selecting the twice-yearly occasions when the boiler was 

either switched on or off).  

For the examples mentioned so far, the monitor has been accessible and intelligible, and the 

feedback of most interest has been the temperature of the liquid returning from the panels. 

Category IV householders also alternated between two modes of hot water heating, where the 

conventional heating system was either on or off – but they are distinguished from Category III 

householders by a less frequent or minimal interaction with the feedback monitor. One 

householder in Category IV expected to rely on the STHW system from May to October. The 

monitor was consulted on an infrequent basis to check the temperature of the fluid returning 

from the panel; the various other monitor settings were not engaged with as they were not 

understood: 

‘… that’s the only thing that it will show unless I go in there and press various knobs – 
and then I get things that I’m not really sure about. So I don’t want to fool around with 
it as if I get red lights instead of green ones, I’m not happy.’ (ID312, STHW) 

This householder was not really clear on what the green and red lights represented, but there 

was normally a green light showing which he took as confirmation that the system was set-up 

satisfactorily. Another householder in this category relied on the technology for a few months 

in the summer, and for the rest of the year the immersion was constantly on.  He appeared to 

consult the monitor around the time when he expected the switchover to take place, but other 

than that checks were infrequent: 

‘Once I know it’s working well, I don’t bother to look at it.’ (ID826, STHW) 
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For this householder, the monitor was not readily readable and took some effort to decipher:  

‘You’ve got to peer at it quite closely. It’s at the back of the airing cupboard …’ (ID826, 
STHW) 

The remaining householder in Category IV was very enthused about her technology and its 

ability to meet her family’s hot water needs from April/May onwards. The monitor, however, 

was located inconveniently on the third floor which limited how often it was consulted.  They 

checked the monitor to assist with determining when to switch the gas boiler off: 

‘It’s kind of a case of checking for about a week - is it still heating, is it okay, can we risk 
it yet? Can we turn it [the boiler] all off? … So … once daylight hours are long enough, 
then it seems to be working absolutely fine, from then until the hours get shorter. 
Once it [the boiler] is off, I don’t have to think about it, it’s fine.’ (ID1030, STHW) 

She would prefer to have had the monitor installed elsewhere:  

‘In the kitchen, or in a hallway downstairs; just somewhere where I can see it all the 
time would be really convenient.’ (ID1030, STHW) 

These three cases are examples of infrequent, influential interactions with feedback devices 

which lead to the shaping of behaviour on a twice-yearly basis (confined to selecting the twice-

yearly occasions when the gas boiler is either switched on or off).  

For 60% of the interviewees, assigned all to Categories I to IV, the STHW systems had exhibited 

agency through their ability to cause householders to introduce new feedback checking 

routines and altered dependencies on conventional water heating systems. However, the 

installations have not demonstrated an ability to temporally order the interviewees’ hot water 

consuming activities as no incidents of load shifting were evident. There was some limited 

evidence of load shifting, however, from the wider population of surveyed householders. In 

response to a question relating to whether installed LZC technology had caused householders 

to do things differently, various householders had elaborated on their selected response 

(ranging from ‘strongly agree’ to ‘strongly disagree’) in the free text section provided. Here, 

three STHW-users revealed a degree of load shifting was taking place: 

 ‘I pay attention to when hot water will be available e.g. for showers.’ (ID274, STHW) 

‘Changing times we shower to take advantage of the solar heating (afternoon/ 
evening).’ (ID429, STHW) 

‘I might consider showering later in the day if it is sunny.’ (ID682, STHW) 

The extent of such load shifting for the remaining surveyed STHW-users is unknown, however. 
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The more in-depth findings obtained from the interviewees in this research contrasts with 

Caird & Roy’s (2008) interviews with 39 STHW retrofitters, where 47% reported evidence of 

load shifting. This difference, however, may support the view that active installers of STHW 

systems are unrepresentative of the wider population in their degree of commitment to these 

technologies (Rohracher, 2003). In a study of five passive STHW households113, for example, 

Dobbyn & Thomas (2005) reported evidence of only one undertaking any degree of load 

shifting. 

In the last category (Category V), a lower level of interaction and shaping was presented by 

those who rarely, if ever, checked the monitor and who always kept the conventional hot 

water system on (though sometimes for different periods of time between summer and 

winter). These households, then, used their conventional system ‘in competition’ with the 

STHW system (BRE, 2008, p. 16). They rarely checked the monitor because it was either 

inaccessible or indecipherable and, in one case, absent. One householder estimated they 

looked at the monitor ‘every quarter’ – they ‘never really got to grips with’ what the monitor’s 

display was telling them, and would have preferred a simple on/off message indicating 

whether the STHW system was contributing: 

‘… every time you opened the cupboard, we kept the towels in there as well, you 
noticed a little box there and you sometimes had a little look at it, but other than that 
… it was weird, it had sort of a picture, looked like an engine…  And then you would 
have like a flashing bit on the panel that meant it was working.’ (ID295, STHW) 

This householder would have preferred the monitor in a more frequented place, such as the 

kitchen: 

‘Because it was hidden away in the cupboard, if you didn’t go in the cupboard, you 
forgot it was ever there.’ (ID295, STHW) 

Below are two further examples where the monitor was inaccessible: 

‘I haven’t looked at it … It is so inaccessible … It’s right at the back of the airing 
cupboard, and you have to pull all the shelves out to get in there … It’s not helpful and 
of course you are not going to pull all the towels on the racks out … It’s a very deep 
airing cupboard.’ (ID256, STHW) 

‘If I ever moved it, it would be done in such a way that it’s in a panel outside the airing 
cupboard.’ (ID829, STHW) 

                                                             
113 Either moving into homes pre-fitted with STHW or having STHW retrofitted by the landlord 
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In the last example, the monitor was hard to see due to low light levels. For one couple, the 

profusion of STHW-related equipment in the airing cupboard had deterred them from 

interacting at all with the monitor: 

  ‘It just looks too complicated.’ (ID928, STHW) 

In this instance, the equipment’s general complexity had framed the monitor as something 

unapproachable. Instead, they had come to rely on an unintended form of auditory feedback 

(which contributed to the technology’s informal distributed inscription): 

‘In fact, the only reason I know that it does work is in the afternoons, if you go 
upstairs, it’s three floors, if you go up to the top you can actually hear almost like a 
hum, so you know that it’s come on … It’s part of the bathroom, so when you’re in the 
bathroom, you can hear it in the roof.’ (ID928, STHW) 

In another household, the monitor in the airing cupboard was set high on a shelf, behind 

sheets: 

‘I’m a little bit too short to be able to read that easily and it’s in my flatmate’s room, so 
it’s not something I check.’ (ID833, STHW) 

She would rather have had the monitor positioned more accessibly: 

 ‘Next to the actual space heating thermostat, as that’s the one I check.’ (ID833, STHW) 

Additionally, she did not know how the monitor worked or what it showed, highlighting that 

poor understanding can also hinder householder-monitor interactions. For Category V 

householders (comprising six out of the 15 interviewees), the absence of interactions with 

feedback devices meant there were no opportunities to be shaped by such mechanised 

feedback. Here, householders were typically deterred from engaging with feedback by the 

inaccessibility, indecipherability or, in one case, absence of feedback devices.  In these cases, 

the absence of householder engagement with feedback appears to curtail the ability of STHW 

systems to exhibit agency, as in each case the householder’s dependence on conventional hot 

water systems remains continuous. For a number of Category V householders, ceasing this 

dependence had not been contemplated as they were unaware that this might affect the 

STHW system’s performance and their ability to save on energy costs; in other words, the act 

of switching off conventional hot water systems in summer-time had not constituted common 

sense.  
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Category Categorisation of STHW-users based on engagement with, and shaping by, 
feedback devices 

I Year-round, influential interactions with feedback devices which lead to the 
shaping of behaviour on an on-going basis (in terms of the potential for daily 
adjustments in immersion/gas boiler usage). 

II Year-round, inquisitive interactions with feedback devices which lead to the 
shaping of behaviour on a seasonal basis (confined to the timing of seasonal 
adjustments in immersion/gas boiler usage).  

III Year-round, inquisitive interactions with feedback devices which lead to the 
shaping of behaviour on a twice-yearly basis (confined to selecting the twice-
yearly occasions when the immersion/gas boiler is either switched on or off).  

IV Infrequent, influential interactions with feedback devices which lead to the 
shaping of behaviour on a twice-yearly basis (confined to selecting the twice-
yearly occasions when the immersion/gas boiler is either switched on or off). 

V Absence of interactions with feedback devices means that there are no 
opportunities to be shaped by any such mechanised feedback. 

Table 7.1.  Categorisation of interviewed STHW-users based on engagement with, and shaping by, 
feedback devices 

 

Table 7.1 summarises the five categories of STHW-users as derived. Table 7.2 draws together 

the various feedback-related characteristics for each category – the results suggest that the 

monitor’s accessibility and the feedback’s intelligibility are factors which affect the frequency 

with which feedback is sought, which in turn influences the potential for householders to be 

shaped by such feedback. The findings suggest that if the basic aim is for householders to try 

and rely on STHW systems in summer-time, then the accessibility and intelligibility of feedback 

monitors is of relevance. 

Category I to IV users relied on their STHW system (thus optimising the solar fraction) in 

summer-time and thereby experienced the efficacy of their system during this period. Only 

one of the five who interacted most frequently with their monitors (Categories I, II and III) felt 

the need for any further feedback to be made available. There was a common view amongst 

Category V users, however, that they would benefit from additional feedback. These 

householders had never switched off their conventional hot water system and had therefore 

never received any unequivocal demonstration of the STHW system’s capabilities; additionally, 

the solar fractions attained would have been considerably less than they could have been 

(BRE, 2008; Hernandez & Kenny, 2012):  
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‘… there is no way of knowing whether it is working, whether you can change when it’s 
working and whether you can change your habits to see if it’s working or not….’ 
(ID829, STHW) 

‘It is just a question of information. I don’t know what’s going on, what it’s doing. In 
some ways, that is nice because I don’t have to worry about it until it breaks, which it 
hasn’t done yet. On the other hand, I don’t have any idea of how much [solar] heated 
water I’m actually using.’ (ID833, STHW) 

‘The trouble is, we’ve moved from a six-bedroom house down to a four-bedroom 
semi-detached and with prices going up and down all over the place, it’s been really 
hard to tell if we’ve had any benefit from it.’ (ID928, STHW) 

This last point was echoed by several interviewees - because previous homes differed in terms 

of age, size and/or occupancy, energy efficiency and energy demand levels also differed. This 

removed the possibility of comparing bills between homes to get an idea of financial savings 

that might be accruing from the STHW system.  This point also emerged from a previous study 

on five new homes (NHBC Foundation, 2012d). 

Category V users suggested improvements that could be made to feedback (Appendix 19). A 

common view was that more informative feedback would be beneficial, such as knowing the 

proportion of hot water needs being met by STHW systems, when the system was working, 

and how much was being saved in monetary terms. This desire for more informative 

feedback114 is seen to extend to active STHW installers in Caird & Roy’s (2010) research, where 

only 47% were satisfied with available feedback. 

Although other research has drawn attention to users’ difficulties in understanding STHW 

displays (Caird & Roy, 2008), this research goes considerably further in analysing householders’ 

interactions with such devices; it contributes to a more nuanced understanding of STHW-users 

(as summarised in Section 7.6) by generating a typology based on frequency of interactions 

with feedback and the degree to which this feedback subsequently shapes actions. 

 

 

                                                             
114 Also advocated by Bergman (2013) in a review of domestic renewable heat technology 
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* 

I Frequent √ High 
flexibility 
& no fixed 
pattern 

Influential 
on daily 
basis 

High Temperature 
of liquid 
returning 
from panel 
& thermal 
feedback 
from tank 

1 

II Frequent √ 3 Mainly to 
satisfy 
curiosity 
but 
influential 
around 
switch-
over time 

High Temperature 
of liquid 
returning 
from panel 

2 

III Frequent √ 2 As for II 
above 

High As above 2 

IV Infrequent/ 
seasonal 

√ 2 Restricted 
to being 
influential 
around 
switch-
over time 

High to 

medium 

As above 3 

V Minimal/ 
absent 

X 1 or 2 Not 
influential 

Low None, 
except 
auditory 
feedback in 
one case 

6 

* Unknown for one householder who had recently moved in 

Table 7.2.  Characterisation of STHW-user categories 
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7.4.3 ASHP 

In contrast to STHW systems (which complement rather than replace conventional heating 

systems), ASHPs replace conventional systems and constitute the main form of space and hot 

water heating where installed.  Feedback on the technology’s performance occurs through the 

provision of these services, that is, the attainment of thermal comfort and hot water. It could 

be argued, therefore, that there is less of a need for dedicated feedback devices to monitor its 

functioning. 

Three interviewees had ASHPs and, in each case, the only energy meter available was the 

electricity meter serving the entire house.  The frequency of interaction with these externally-

located meters varied; two interviewees checked their meters quarterly for billing purposes 

and the other checked it monthly to monitor consumption more closely: 

‘The reason why we do it as well is to see how badly or well we’re managing, the 
kettle, the laundry, and try if it’s getting a bit high maybe we won’t do three loads of 
laundry, maybe one, and keep it a bit constant.’ (ID817, ASHP) 

Despite this householder’s interest in monitoring consumption, he did not yearn for a 

dedicated ASHP meter and was content with current arrangements. The other two 

interviewees monitored household electricity consumption via quarterly electricity bills; one of 

these wished for sub-metering to enable him to track specifically the ASHP’s electricity 

consumption: 

‘I think it would be nice to know what the actual heating system is using and possibly 
the hot water ...’ (ID1023, ASHP) 

He thought such a dedicated meter would enable him to quantify cost savings achieved 

through turning the thermostat down, enabling him to further engage with the ASHP and 

better manage household finances. The third householder also considered it would be 

interesting to measure the ASHP’s electricity consumption, preferably via an accessible indoor 

meter. 

So, for these three ASHP-users, there was no dedicated feedback device and thus there had 

been no potential for householders to be shaped by feedback that could be generated by such 

devices. Feedback on the technology’s functioning occurs instead through the attainment of 

thermal comfort. The ways in which attaining thermal comfort has shaped the behaviour of 

ASHP-users has previously been examined in Section 7.3. The lack of any dedicated ASHP 
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meter is not seen as a matter of concern, although two of the three ASHP-users thought it 

would be interesting to monitor its electricity consumption.  

  

7.4.4 MVHR 

Within the households researched, MVHR systems act as complements to conventional 

heating systems, rather than replacements, introducing a degree of redundancy into the 

design for space heating. Within homes built to high air tightness levels, the technology serves 

also a key function in delivering forced ventilation (Macintosh & Steemers, 2005; Zero Carbon 

Hub, 2012a; NHBC Foundation, 2013a); here, deactivating the technology can adversely impact 

indoor air quality and potentially health (Yu & Kim, 2012; Zero Carbon Hub, 2012a). In such 

homes then, the MVHR system serves both a redundant and non-redundant role in relation to 

its space heating and ventilation functions respectively. 

Five interviewees had MVHR systems but only one had a feedback device which provided 

information on the technology’s status. In most cases, the perception of the technology (as 

then translated into actions or conscious inactions) was shaped instead by the presence or 

absence of sensory forms of feedback. Based on householders’ exposure to, perceptions of 

and shaping by sensory forms of feedback, three categories of householder are 

distinguishable. 

Category I is comprised of those exposed to predominantly positive, sensory forms of 

feedback, either in the form of positive thermal feedback or positive feedback on freshness 

levels. The first interviewee in this category lived in a highly energy efficient house (meeting 

Level 5 of the CSH). He considered the MVHR system was evidently working due to the thermal 

comfort experienced; he had only needed to top-up with the gas central heating system for a 

couple of months in the year.  He had recently noted that the indoor air was very dry and had 

needed to open windows more frequently to let fresh air in. Overall, he perceived the 

technology as working very well; consequently, he had not altered the initial ‘Automatic’ 

settings for the system nor interacted with the technology itself in any other way. So here, 

positive thermal feedback had led to a conscious decision on inaction. The other Category I 

interviewee also lived in a highly energy-efficient house built by the same developer. For her, 

the technology was also evidently working due to the thermal comfort experienced; she had 

only resorted to the gas central heating system when it had been ‘really, really cold.’ It was 

also clear that the system was working due to the heightened level of freshness she perceived 
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when switching to the summer operating mode.  She could also sense via air movements 

whether the technology was functioning, as checked by placing a hand near the air vents 

located throughout the house: 

‘In some of them it pulls [the air] up and in some of them it pushes it out.’ (ID1154, 
MVHR & PV) 

Additionally, a low level of noise acted as a form of auditory feedback on the system’s 

functioning:   

‘There is a little hum, it’s not really loud, and it’s only downstairs.’ (ID1154, MVHR & 
PV)  

This householder was the only one provided with a portable feedback device which informed 

her of system faults (discussed further in Chapter 8). When the sensory forms of feedback 

alerted her to a possible problem, she referred to this device to establish whether a fault had 

been detected by it. In total, this householder made use of four forms of sensory feedback 

(thermal comfort, air movements, air freshness and low level noise) and a feedback device to 

help her establish, on an on-going basis, whether the technology was functioning and to 

inform her decisions on when to switch between winter and summer operating modes115, 

which she did on a flexible basis. For Category I householders, sensory forms of feedback have 

led to positive perceptions of the MVHR technology. Consequently, householders had retained 

the initial set-up and appeared to use the system as intended by designers. The two 

householders in Category I relied on the technology to deliver space heating for most of the 

year and had experienced the efficacy of their system during this period. Here, the MVHR 

system’s agency was enabled by, and distributed through, the mainly informal, sensory modes 

of feedback which were either passively experienced (thermal comfort, air freshness and 

noise) or actively engaged with (gauging air movements).  The systems exhibited agency 

through their ability to cause householders to introduce new feedback checking routines 

(evident in one case) and/or altered dependencies on conventional space heating systems; the 

latter could be described as the intended agency from the perspective of designers. 

Category II encompasses those that consider they have had insufficient positive feedback 

(sensory or otherwise) on the operation of their MVHR system. At the same time, they have 

not experienced any significant negative feedback, and thus have adopted a neutral stance. 

                                                             
115 The winter mode increases internal temperatures whilst the summer mode helps to reduce internal 
temperatures and increase feelings of freshness. 
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One interviewee belonged to this category – he had little sense of how well the system was 

operating: 

‘I can’t say I have any great concept of how well it works… As I say, it may be that 
we’re not getting the optimum out of it – I’m not sure quite what we were expecting 
to get out of it. The other thing is I don’t use the top of the house that much. I suspect 
it’s the top of the house that will get the greatest benefit as warm air rises …’ (ID424, 
MVHR & STHW) 

This householder had ‘absolutely no idea’ where vents associated with the technology were 

positioned. No-one had told him the system worked best with closed windows (NHBC 

Foundation, 2013a) and therefore windows had just been opened and closed as they would 

have been in a conventionally heated home (a finding commented on elsewhere (Macintosh & 

Steemers, 2005; Stevenson & Rijal, 2010)). He remembered to switch the system between 

summer and winter operating modes but this switch-over did not seem to be driven by any 

feedback received from the indoor environment. The MVHR unit was located in the attic and 

there was no perceptible noise associated with the system. At the outset, there had been a 

slightly negative form of sensory feedback in the form of a ‘slightly fishy smell’, but this had 

since abated.  

In contrast to those in Category I, this householder had not had any experience or feedback 

that served as an unequivocal demonstration of the capabilities of the MVHR system (a point 

raised by two other householders in this research through door-step conversations and in 

previous research reported by the NHBC Foundation (2013a)). The air tightness standard 

designed for this house (as determined by the Building Regulations) would have been 

significantly less than for dwellings built to Level 5 of the CSH (occupied by householders in 

Category I). The MVHR system’s effectiveness was likely, therefore, to have been lower and 

consequently harder to discern. To summarise, this householder received no feedback 

(sensory or otherwise) on whether or how the MVHR system was operating. Therefore, his 

actions were not actively shaped by any such feedback and his perception of the technology 

was fairly neutral. Although the MVHR system had exhibited limited agency in that the 

householder switched twice yearly between summer and winter modes, this action was not 

driven by any form of feedback but to knowledge gained elsewhere (possibly via instruction 

manuals or advice).  

Category III includes those that have been exposed to predominantly negative sensory forms 

of feedback emanating from their MVHR system. For these interviewees, the unwelcome 

feedback consisted of unacceptably high noise levels which shaped their perception of the 
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technology to such an extent that it led to the technology’s reconfiguration or disconnection. 

The following quote recounts the conversation that took place between a site manager and 

the first of these interviewees when moving in:  

‘And I said: ‘But it’s so loud, I won’t be able to sleep at night.’ He said it’s to do with 
the ventilation but he sort of made it sound that it’s to do with the heating as well, the 
whole thing. And I said: ‘There is absolutely no way in a million years I will be able to 
sleep with that on’. And I’ll give you a demonstration – it was unbelievable. So he said: 
‘There’s the switch.’… Now I just switch it on if anybody uses the shower. ’ (ID805, 
communal biomass, CHP & MVHR) 

Within this householder’s duplex dwelling, the MVHR unit had been installed within an airing 

cupboard near the main bedroom. Due to the householder’s action, the system’s usage had 

been reduced to one of functioning as a basic extraction system on a very limited basis when 

showering took place, and then its use had to be manually activated by a switch in the 

cupboard. In effect, the system was disconnected and could not serve its initial heating or 

ventilation function. Here, the immediate negative feedback experienced led to the formation 

of a highly negative perception of the technology, which in turn shaped the householder’s 

prompt actions in effectively disabling it.   

A couple living in the same development as the previous householder had a similar experience 

with their MVHR system: 

‘… if you went to our bedroom, the en-suite, it sounds like a jumbo jet is landing, trying 
to get the brakes on to land… Anyway, it was impossible to live with – I’m sure [my 
partner] will show you, you just couldn’t sleep. So we got somebody in … and they 
disconnected it and then had it connected so that when you switched the light on to 
go to the loo or do your cooking it turns on.’ (ID804, communal biomass, CHP & 
MVHR) 

This couple also had the MVHR unit installed in an airing cupboard near their bedroom and 

they soon concluded it was ‘impossible to live with’ due to the noise. The developer had stated 

that the system would improve the feeling of freshness in the home, but they had not 

perceived this: 

‘… he said we have to keep it on all the time because it was for the good of the whole 
flat, for taking out the dampness, circulating the atmosphere ...’ (ID804, communal 
biomass, CHP & MVHR) 

They had the system re-configured so that it only came on when the toilet, kitchen or 

bathroom lights were switched on; thereby, significantly curtailing its operating time. The 

householders had noticed a potential consequence to this action in that the windows now had 
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‘got some dampness on them’116. In this example, the negative auditory feedback experienced 

led to a highly negative perception of the technology, which resulted in the householders 

reconfiguring the system. As with the first example, the need to ameliorate the continual 

negative feedback outweighed any promise of benefits from the technology. 

The third householder within this category was spoken to during the hand-delivery of his 

questionnaire.  He explained that he had switched off his MVHR system as it was too noisy and 

appeared to make no difference to indoor temperatures. Again, a combination of negative 

auditory feedback and the absence of any positive thermal feedback, led to a negative 

perception of the technology that caused the householder to disconnect it.  

In this third category, the MVHR system’s agency is enabled by, and distributed through, one 

dominant form of negative sensory feedback. The system exhibits agency through its ability to 

cause householders to reconfigure or disconnect it; this could be described as an unintended 

agency from the designer’s perspective. In such cases, the technology could be considered as 

having failed its trial and householders consequently select to dissolve their association with it 

(Lehtonen, 2003). The issue of noise from MVHR installations (van der Pluijm, 2010; Yu & Kim, 

2012) and the range of perceptions there may be on this, even within the same development 

(Macintosh & Steemers, 2005), has been observed in previous research. The prospect that 

MVHR systems may become disconnected due to dissatisfaction caused by noise levels is 

predicted by the NHBC Foundation (2013a) and evidenced by this research. In Monahan’s 

(2013) research, a MVHR system was decommissioned for a different reason - the 

unacceptable draughtiness it induced. 

To summarise, this research has provided a more nuanced understanding of MVHR-users by 

generating a three-point typology based on their exposure to, perceptions of and shaping by 

sensory forms of feedback, with only one householder having a mechanised feedback device. I 

now turn to the last technology considered in this section, PV systems. 

 

7.4.5 PV  

Four interviewees had PV systems. Based on the frequency with which feedback was sought 

on the technology’s performance and the degree to which actions were subsequently shaped 

by this feedback, householders can be assigned to one of three categories. 

                                                             
116 This may have been caused by insufficient ventilation (NHBC Foundation, 2013a). 
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At the most interactive level (Category I) two interviewees sought weekly feedback which 

influenced actions on an on-going basis. In both cases, feedback was obtained via electricity 

generation meters located in accessible, frequently-used spaces: 

‘Well, I am amazed under what poor light conditions it still generates electricity. I’d 
look at it if I go into the garage, which is quite frequently because it’s an integral 
garage.’ (ID240, PV & STHW) 

‘So we have this meter as well – this one is how much the solar panel generates … You 
can see on the meter that it goes up … it’s probably generated about 10 kWh today 
[25th February].’ (ID958, PV & STHW) 

In addition to weekly checks, one householder was also making monthly comparisons: 

‘The first month [December] it generated 50 kWh, which is next to nothing, and 
obviously if it didn’t generate more than that there was no reason to install it. But then 
the next month it generated 100 kWh … So it’s generated just under 90 kWh now, and 
we still got 20 days until the end of the month [February], so it’s probably going to do 
150 kWh.’ (ID958, PV & STHW)  

Further feedback information was available but unutilised: 

‘The inverter has got a multi-function panel on it. You can just key away through that 
and it will tell you [an instantaneous generation figure as well as an accumulative 
figure].’ (ID240, PV & STHW) 

In addition to the meters, there was also a light which indicated the PV systems were 

generating electricity: 

‘It’s got lights which are on when it’s generating – there’s a green light … When it’s not 
generating, the light just goes out.’ (ID240, PV & STHW) 

‘I can see that the counter is going up and there is a light that’s flashing outside as well 
...’ (ID958, PV & STHW) 

Dependent on the electricity quantities being generated, both households made an effort to 

shift certain electricity-consuming activities to the hours of generation: 

‘Well, if it’s a bright day and we’re generating loads of electricity, we will run the 
dishwasher and the washing-machine in daylight hours.’ (ID240, PV & STHW) 

‘We still think about it a little bit, and then you know if we have visitors in the evening 
and it [the dishwasher] gets filled up, then we would still do the dishwashing in the 
evening. But when we can, then we try to do it during day hours.’ (ID958, PV & STHW) 

This last household also shifted the usage of the washing-machine, whenever possible, to 

sunlight hours, as facilitated through using a built-in timer (which the dishwasher did not 

have). Although keen to undertake this degree of load-shifting, the householder notes: 
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‘We are trying to use it [the generated electricity] as much as we can but it also needs 
to make sense.’ (ID958, PV & STHW) 

This comment signifies that the householder is aware that, although there is ‘elasticity within 

their lifestyle for change’ (Hobson, 2006a, p. 329), there are limits to this. This case also 

illustrates how the incorporation of timers into household appliances facilitates the ease and 

extent to which load shifting can occur (as noted by Munzinger, et al., 2006). For both 

households mentioned, the PV system served as a sunlight-dependent ‘temporal lever’ (Nye, 

Whitmarsh, & Foxon, 2010, p. 707), providing a sufficient incentive for the rescheduling of 

appliance usage. Here, the PV technology exhibited agency through its ability to temporally 

order specific user activities, the timing of which was guided by feedback from PV meters and 

weather observations. Such instances of load shifting have been noted in other studies 

(Section 3.6). For instance, Munzinger et al. (2006), in their large-scale survey of 229 PV-users 

(in retrofitted and new homes), established that 24% had exhibited some form of behavioural 

change and most of these had shifted the time at which certain appliances ran. Ghanem (2008, 

p.180) refers to such load shifters as ‘opportunistic users’117. 

Both households in Category I moved into STHW-fitted homes. Both then proceeded to 

promptly install PV panels, motivated by the financial gains to be made through the FIT; as 

regards the PV technology then, they are active retrofitters. Each household reports an 

accumulative generation figure (possibly every 6 months) to the utility company and 

subsequently receives a financial form of feedback via the FIT118. This constitutes then a more 

formalised, infrequent interaction with meter readings, from which their FIT-based payment is 

calculated. The two Category I interviewees represent examples of year-round, influential 

interactions with feedback devices which shape behaviour on an on-going basis (in terms of 

the potential for daily load shifting in electricity-consuming activities). There is also an interest 

in tracking on-going financial gains. 

In Category II, frequent feedback was sought but this did not appear to further shape 

householder behaviour. The one interviewee in this category moved into a PV-fitted home. He 

regularly checked the generation meter in order to gauge expected gains through the FIT, 

which had earned him £2500 the previous year. The PV meter was located outside and there 

was a further unidentified meter in the attic. Feedback on electricity generation had not, 

                                                             
117 The term ‘opportunistic user’ is, however, also used by Ghanem (2008, p.180) to encompass those 
who exhibit a rebound effect by introducing the use of additional electricity-consuming appliances, over 
and above what they would have used before.  This effect was not noted with PV-users in this research. 
118 The FIT payment made is derived from the electricity generation figure and an estimation of the 
proportion that is exported to the grid (50%) as opposed to being consumed on-site. 
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however, driven him to maximise savings through load shifting; he did not consider that it was 

his household’s responsibility to change their behaviour given that others in the country were 

not doing so. This interviewee represents an example of year-round, inquisitive interactions 

with a feedback device which does not lead to any additional behaviour change. The 

interactions are driven purely by an interest in gauging on-going financial gains, rather than 

maximising them. 

The householder assigned to Category III had been precluded from accessing any day-to-day 

feedback on the PV technology through the development’s design. This interviewee had a 

shared-ownership arrangement with a housing company that had sole access to the 

technology, including the generation meter. The latter was located in a locked, brick-built hut 

in the development’s communal car park, along with generation meters for the development’s 

other PV installations. Although the development was over a year old, it was not yet clear to 

residents what share they would receive of monies obtained via the FIT, which would be 

initially received by, and managed through, the housing company. The householder 

interviewed thought that they would get a few pence per kWh off their normal electricity rate, 

but that the housing company would be reaping the bulk of the FIT payment. The lack of any 

day-to-day feedback on the performance of the technology, together with confusion as to how 

she would financially benefit from it, meant that this householder was receiving no 

encouragement or incentive to alter the timing of her electricity-consuming behaviour. Due to 

work patterns and demands on her time, she did not consider there would be much scope 

anyway for changing the timing of her electricity consumption. In addition, the electricity 

charges were currently deemed reasonable: 

‘I work all week and I can’t [change my behaviour], I wouldn’t think like that, because 
the electricity anyway is working out so cheap, £18/month, that I think that’s pretty 
good. If it was more than that, then maybe I would think: ‘Oh, I need to reduce … 
where and when I use my electricity.’’ (ID1154, MVHR & PV) 

The interviewee in Category III represents an example of someone who has been intentionally 

precluded from interacting with feedback devices and who was also unlikely to appreciably 

benefit financially from the technology, although the exact arrangements were unclear. The 

absence of any feedback meant that there had been no opportunities to be shaped by any 

such feedback. Haggett & Ghanem (2009, p.10) note from research undertaken on PV-users 

that ‘energy consumption and engagement is directly correlated to design’. For the 

interviewee in Category III, the structural and organisational arrangements in place had 

certainly precluded her engagement in that she could not view the generation meter or any 
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other feedback device, she had no responsibility for the installation and she did not 

appreciably benefit from the renewable electricity generated. In comparing householders from 

Categories I and III, it is evident that the latter had been ‘excluded from the possibilities of 

particular forms of engagement’ (Walker & Cass, 2007, p. 466). 

To summarise, PV-users were assigned to one of three categories, dependent on interactions 

with feedback and the degree to which actions were shaped by such feedback. At the most 

interactive level, there were year-round, influential interactions with feedback devices which 

shaped behaviour on an on-going basis, in terms of the potential for daily load shifting in 

electricity consumption. At the least interactive level, a householder had been precluded from 

receiving any feedback on the technology’s performance. 

In Section 7.4, I have examined how householders engage with feedback from their LZC 

technology and whether this influences their actions. In so doing, I have revealed the 

predominant modes of formal and informal feedback associated with four technology types. 

These modes of feedback are significant as it is partially through these that the technology’s 

agency is enabled and distributed. Such agency, as shown, may be intentional or unintentional, 

as viewed from the designer’s perspective; furthermore, the agency may prove positive or 

negative in terms of the technology achieving its CO2 reduction potential. 

 

7.5 Certain pivotal events within the domestication process 

7.5.1 Introduction 

As presented within Chapters 6 to 9, this research generates insights into how certain events, 

or trials, may significantly influence the development of LZC technology-householder 

associations. I label such events as pivotal events and these are discussed in Section 10.6. In 

this section (Section 7.5), I highlight two types of pivotal events not covered elsewhere in 

Chapters 6 to 9; that is, holidays and the research process. It was observed that going and 

coming back from a particular holiday had a determining effect on domestication processes 

within two households, as discussed in Section 7.5.2. The influence of this research itself on 

domestication processes was also observed, as explored in Section 7.5.3. 
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7.5.2 Demonstration of capabilities 

For two interviewees with STHW systems, a demonstration of their technology’s capability was 

only enabled through a discontinuity in household routines, which in both cases was 

associated with holiday arrangements. In the first case, the householder had gone away for 

five weeks, returning in early April, and in preparation for this holiday had switched off the 

conventional water heating system:  

‘ … we went away and before we went I switched the hot water off as one would with 
the boiler and then of course we forgot about it. And we came back and we’d been 
away for five weeks and we thought: ‘Hmm, it would be nice to have a shower’. So I 
switched the shower on and had a piping hot shower and my wife had a jolly nice soak 
in the tub. Then our grandchildren came over in the evening; they had baths and what 
have you and suddenly I thought: ‘Gosh, this hot water has been switched off for five 
weeks.’’ (ID240, PV & STHW) 

Prior to this holiday, the gas boiler had heated the water morning and evening and, since 

moving in in September, they had not contemplated either relying on the STHW system or 

limiting boiler usage to once daily. After the recounted event, the householder became 

sensitised to the technology’s capabilities and reduced boiler usage to mornings only during 

the remainder of the warm, dry spell that April. The interview took place in April, so the 

householder’s dependence on the STHW system in summer-time cannot be commented on, 

though he stated he would be experimenting with the technology as the weather warmed. 

In the second case, the householder moved in in October and holidayed in February. In 

preparation for this, he switched off the immersion: 

‘I went away for a holiday, I think skiing in February, and when I came back I forgot to 
turn the electrical power water heater back on. So, for about three months – May, 
June and July - I didn’t realise I hadn’t got the electrical power switched on for heating 
water. It was all being powered by the sun. Fantastic and I didn’t realise.’ (ID826, 
STHW) 

Prior to the holiday, this householder had not contemplated testing the technology’s capability 

and had operated the immersion constantly. Once the technology’s potential had been made 

apparent through the incident described, he continued his reliance on it, this time knowingly, 

until mid-August/September.  

For both these householders, the demonstration of the STHW system’s capability was only 

enabled through a discontinuity in the relevant household routine, which in both cases was 

triggered by a holiday arrangement and a fortuitous oversight in not re-activating the 
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conventional water heating system immediately on their return. Thus, unintentionally, these 

householders became reliant on their technology for the first time and this enabled it to 

demonstrate its capabilities to them. This demonstration, or ‘trial’ (Lehtonen, 2003, p. 364), 

reshaped the householders’ expectations of their technology and introduced a degree of 

sensitivity and variability into whether and how much they then used the conventional water 

heating system. This exemplifies how an embedded routine (transferred unquestioningly from 

previously experienced domestic settings) was brought into ‘reflexive consciousness’ 

(Southerton, 2013, p. 340) and adjusted to reflect better the specific socio-technical setting 

within the new dwelling. The technologies were also reshaped as their prominence increased; 

they were incorporated into amended household routines; and, when switching off or 

reducing usage of conventional water heating systems, they were enabled to perform 

better119. In relationship terms, the association between householder and LZC technology 

evolved from a disengaged state to a more dynamic, engaged one. 

As discussed in Section 3.4, the effective use of a new technology may be thwarted by the 

dominance of ‘more robust existing associations’ (Harty, 2010, p. 313). In these two instances, 

existing associations refer to those which householders were familiar with; the householders 

had transferred their established routines involving conventional water heating systems from 

their previous home to their current one, and the STHW system had not actively figured (from 

the householder’s perspective) in the socio-technical network that provided hot water. 

Through an unintentional break in established (or ‘robust’ (Harty, 2010, p. 313)) associations, 

the technology had the opportunity to demonstrate its capabilities and thereby enrol 

householders into a more engaged association with it. Via these pivotal events, an 

unintentional break in existing associations120 enabled the technology to exhibit agency, and 

thereby become more fully enrolled in the reconfigured socio-technical network serving hot 

water needs. I now turn to the other pivotal event covered in this section - involvement in the 

research process. 

 

                                                             
119 A greater proportion of solar energy can be absorbed by the STHW system’s circulating fluid if it has 
not been pre-heated by other energy sources (Boait, 2008; Hill, Lynch, & Levermore, 2011; EST, 2011b). 
Additionally, if the tank water is unheated, the storage capacity for solar energy is maximised (BRE, 
2008). 
120 Which could also be viewed as a break with a ‘lock-in’ behaviour (Bergman & Eyre, 2011, p. 342). 
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7.5.3 Involvement in the research process 

A number of interviewees made reference to the research’s impact on their association with 

their LZC technology. In one case, the impending interview had prompted a couple to seek out 

the STHW instruction manual and read it for the first time since moving in four years ago. 

Consequently, they established that their technology had not been maintained as 

recommended and they were planning to make arrangements for its first service. This 

household included the chair of the Residents’ Association and he thought he might raise the 

previously undiscussed subject of the STHW installations and their maintenance. 

Another householder, who had no instruction manual for her STHW system and had been 

unconcerned about maintenance issues, was surprised to learn during the interview that the 

technology might benefit from servicing. As a result, she intended to contact the installer to 

check on maintenance requirements. In this way, the interview had triggered a more attentive 

association with the technology. 

In two further cases involving STHW systems, the interviews led householders to question 

their year-round use of conventional energy systems for hot water provision. In neither case 

had householders tried to rely on their technology in summer-time, either because they had 

not got round to experimenting (the first quote) or because they had been advised to keep 

their conventional system on (the second quote): 

‘No, I haven’t tried it. I guess it’s probably at the back of my mind with every other 
thing I have got to do, just put it on one side and think I probably should do that. And 
then it goes out of my mind ...’ (ID256, STHW) 

‘No, it’s really interesting actually, that was worth coming just for that; it’s made me 
think about what I’m doing.’ (ID424, MVHR & STHW) 

For the last householder quoted above, the basis of his routine and its consequences had been 

brought to the fore and questioned. He thought that his non-interactive stance with the 

technology might now change as a result of the interview, as this had given him ‘things to think 

about.’ As with the first householder mentioned in this section, involvement in the research 

process led this householder to envisage a different future with his technology.  

For certain householders, the interviews provided a dedicated time during which aspects of 

the LZC technology and their experiences with it could be discussed at length, sometimes for 

the first time. For example, at the end of an interview with one householder, who had had a 

particularly disengaged association with his STHW system for four years, he stated:  
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‘I’ve thought about it more than I’ve ever thought about it before.’ (ID295, STHW)  

During the 26 interviews, I was able to relay to householders how other interviewees 

interacted with the same type of technology. Through this facilitated form of benchmarking, 

the householders were able to compare their behaviour to others and to establish what might 

be construed as better or best practice, in terms of optimising the technology’s operation and 

maintaining it; in this way, information imparted during the interviews became part of the 

informal distributed inscription (Section 3.4) for the technology. In effect, the research process 

brought the LZC technology temporarily into the foreground for the householders involved121, 

firstly through completing the questionnaire and secondly via the interviews.  

This discussion has illustrated how an involvement with the research was likely to have a 

shaping effect on certainly some interviewees122, triggering longer-term shifts in technology-

householder associations towards further engagement. In this way, the research can be seen 

to extend beyond an act of inquiry, in that it also contributed to the on-going development of 

domestic socio-technical associations, a finding echoed by other human geographers such as 

Hobson (2006b). These findings support the view that research is a ‘performative practice that 

contributes to shaping the world we come to live in’ (Cameron & Hicks, 2013, p. 2), although 

any shaping may remain relatively limited across space and time unless research findings are 

effectively disseminated. 

 

7.6 Conclusions 

The purpose of this chapter was to describe and appraise how householders come to use, 

regard and interact with their technology and, in so doing, identify key determinants 

responsible for the progressive shaping of LZC technology-householder associations.  

In Section 7.2, I started by demonstrating the distributed nature of the inscriptions 

householders utilise to help them understand their technology. Such information has been 

derived previously for occupants of PV-fitted homes (Munzinger et al., 2006), but this research 

extends the range of LZC technologies considered. I introduced the concept of formal and 

informal inscriptions to distinguish between the information sources initially provided to 

                                                             
121 Promoting a form of ‘discursive consciousness, making participants reconsider what they do, and 
why’ (Hobson, 2003, p. 104). 
122 This shaping potential of interviews is discussed by Patton (2002, p.405), who refers to them as 
‘interventions’, whose primary purpose is to obtain research data but which may also lead to 
transformations due to the ‘reflexive’ processes involved. 
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householders on moving in and others sources to which householders turn for assistance. The 

instruction manual and home user guide constitute the formal inscriptions handed-over 

initially and they are referred to by 61% and 35% of the 122 householders surveyed, 

respectively. The range of informal inscriptions is comprised notably of information from 

installers, maintenance companies, neighbours and the internet. 11% of surveyed 

householders had never referred to any information source, despite half of these expressing 

interest in their technology.  

In Section 7.3, I examined how householders are configured by the design, placement and 

settings of LZC technology. I looked at the ways in which different technologies (STHW, ASHP 

and MVHR systems) are arranged within the home and how these arrangements, together 

with the initial technological settings, variously shape the nature of householders’ interactions.  

For STHW systems, I identified how the low visibility, inaccessibility and perceived complexity 

of component parts may hinder householders’ interactions. I found that certain householders 

will not question or feel sufficiently confident to alter initial settings for their conventional 

water heating systems, partly due to a belief that they have been set up to optimise gains from 

the STHW system. This finding emphasised the importance of installers selecting appropriate 

initial settings. For ASHPs, I found that householders’ actions were primarily shaped by the 

technology’s more limited space heating capabilities, as caused by its inherent design and the 

associated lower temperature of distributed water. This forces a change to previously adopted 

heating patterns, whereby, in order to attain customary day-time thermal comfort levels, 

ASHPs need to be continuously run. Householders were seen to avoid seemingly complex and 

unreadable programmers in favour of simpler thermostats as the primary control mechanism.  

For MVHR units and associated controls, their typical siting in unfrequented places configured 

householders as passive users of this technology. In one exception, the placement of controls 

in a frequented, ground floor location enabled a flexible, interactive association to develop 

wherein the householder became effectively enrolled in the technology’s operation. I 

highlighted how the general ‘hands-off’ design approach, whilst potentially preventing 

unintentional tinkering, can backfire when someone moves into a home where the technology 

has either not been activated by the developer or has been deactivated by the previous 

occupant. In such situations, the MVHR system may remain dormant long-term. In addition, 

the ‘hands-off’ design approach does not appear affective in preventing those who find their 

installation’s noise levels intolerable from reconfiguring or deactivating it. By attending to 

three technology types, I have illustrated the different ways in which interactions are 

influenced by design, placement and settings.  
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In Section 7.4, I focused on what LZC technology-related feedback householders engaged with 

and whether this influenced actions. I incorporated a consideration of the feedback content 

and the positioning of feedback devices (monitors and meters). Four technology types (STHW, 

ASHP, PV and MVHR systems) were examined to highlight the various ways in which users 

became shaped by formal and informal modes of feedback.  For STHW systems, I contributed 

to a more nuanced understanding of the frequency with which householders interact with 

feedback and the degree to which this feedback subsequently shapes actions, through 

developing a five-point typology.  

Nine out of 15 interviewees interacted with STHW feedback devices and relied on the 

technology to varying degrees.  In the most interactive category, a householder had year-

round, influential interactions with feedback which shaped behaviour on an on-going basis, in 

terms of the potential for daily adjustments in immersion usage. Here, the STHW system’s on-

going agency was enabled by, and distributed through, the formal and informal modes of 

feedback with which this householder chose to engage. For these nine interviewees, the STHW 

system exhibited agency through its ability to cause householders to introduce new routines 

that revolved around checking informal and formal modes of feedback, with varying 

frequencies, and changing the seasonal dependence on conventional water heating systems 

accordingly. However, there was no evidence that any interviewees tailored the timing of hot-

water consumption to the availability of solar-heated water. If supplies of solar-heated water 

were insufficient to meet instant demand, it appears that conventional hot water systems 

were activated rather than deferring hot water-consuming activities until sufficient solar-

heated water was generated. Thus, it is concluded that for 60% of interviewees, the STHW 

systems exhibited agency through their ability to cause householders to introduce new 

feedback checking routines and altered dependencies on conventional water heating systems; 

however, the STHW systems have not demonstrated an ability to temporally order the 

interviewees’ hot water consuming activities as no incidents of load shifting were evident. 

There was some limited evidence of load shifting, however, from the wider population of 

surveyed householders; within the returned questionnaires, three STHW-users had provided 

written comments that revealed a degree of load shifting was taking place. 

The findings from this research contrast with research on STHW retrofitters (Caird & Roy; 

2008), where 47% reported evidence of load shifting, supporting the view that active installers 

of STHW systems are unrepresentative of the wider population in their degree of commitment 

to these technologies (Rohracher, 2003).  
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In the least interactive category (containing six out of 15 users), interviewees rarely, if ever, 

checked the monitor, which was viewed as inaccessible or indecipherable. Here, the absence 

of engagement with feedback appeared to curtail the technology’s ability to exhibit agency; in 

each case, dependence on conventional water heating systems continued and therefore 

householders never received any unequivocal demonstration of their STHW system’s 

capabilities. For a number of these householders, ceasing dependence on conventional water 

heating systems had not been contemplated as they were unaware that this might affect the 

STHW system’s performance and their ability to save on energy costs; in other words, the act 

of switching off conventional water heating systems in summer-time had not constituted 

common sense. A common view amongst those in this least interactive category was that they 

would benefit from more informative feedback, such as knowing what proportion of their hot 

water needs were being met by the technology. In contrast, those who relied solely on their 

STHW system for periods of time had experienced its efficacy.  

For ASHPs, no dedicated feedback devices were made available and feedback on its 

functioning occured instead through the attainment of thermal comfort. For MVHR systems, I 

contributed to a more nuanced understanding of users based on their exposure to, 

perceptions of and shaping by sensory forms of feedback (only one household had a 

mechanised feedback device). Here, the technology’s agency was enabled by, and distributed 

through, these sensory modes of feedback which the householders either passively 

experienced (thermal comfort, noise, air freshness) or actively chose to engage with (gauging 

air movements). Where perceptions are positive overall, householders appeared to make use 

of the system as intended by designers. Systems in this category exhibited agency through 

their ability to cause householders to introduce new feedback checking routines (evident in 

one case) and/or reduced dependencies on conventional space heating systems; the latter 

could be described as the intended agency from the perspective of designers. Where 

perceptions are predominantly negative due to noise, householders selected to reconfigure 

their MVHR system to severely reduce operating times or to disconnect it entirely. Here, the 

technology’s agency was enabled by, and distributed through, one dominant form of sensory 

feedback – noise. The systems exhibited agency through their ability to cause householders to 

reconfigure or disconnect them; this could be described as an unintended and negative agency 

from the perspective of designers. 

For PV systems, householders were assigned to one of three categories, dependent on 

interactions with feedback and the degree to which actions were shaped by it. At the most 
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interactive level, there were year-round, influential interactions with feedback devices which 

shaped behaviour on an on-going basis (in terms of the potential for daily load shifting in 

electricity consumption). PV systems in this category exhibited agency through their ability to 

cause householders to introduce feedback checking routines and load shifting. The second 

category was characterised by year-round, inquisitive interactions with feedback devices which 

did not additionally shape behaviour but were driven by an interest in the financial gains to be 

made. The PV system in this category exhibited agency only through its ability to cause the 

householder to introduce feedback checking routines. The third category was comprised of a 

householder who had been precluded from receiving any feedback on the technology’s 

performance and who had therefore not had an opportunity to be shaped by any such 

feedback.  

By considering four technology types in Section 7.4, the research demonstrated the different 

modes of informal and formal feedback that may be associated with each technology type. 

These modes of feedback are significant as it is partially through these that the technology’s 

agency is enabled and distributed. Such agency, as shown, may be intentional or unintentional, 

as viewed from the designer’s perspective.  

In the penultimate section of this chapter, I introduced the notion of a ‘pivotal event’ as one 

which triggers householders to shift and re-stabilise their association with their LZC 

technology, and two types of such events were discussed. For the first type, an unintentional 

discontinuity in household routines (associated with holiday arrangements) enabled the 

technology to demonstrate its capabilities. This experience prompted two households to 

reduce their dependence on conventional water heating systems, signifying a conscious 

enrolment of STHW systems into the socio-technical network configured to serve hot water 

needs.  For the second type, involvement in the research process presented a dedicated time 

in which to think and talk about the LZC technology. The research process constituted an 

intervention that enabled the circulation of pertinent information, derived from this research 

and elsewhere, to householders. Both types of pivotal events destabilised and triggered shifts 

in prevailing LZC technology-householder associations towards further engagement, through 

altering the ways in which householders viewed (objectified) and used (incorporated) their 

technologies. Both types of event triggered, or are expected to trigger, delayed trials of the LZC 

technology (discussed in Section 3.4). 
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A further type of pivotal event, constituted by certain conversations between householders 

and those repairing their LZC technology, is identified in the next chapter on maintaining and 

repairing LZC technology.  
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Chapter 8: Maintaining & repairing LZC technology 

8.1 Introduction 

At the end of the last chapter, I examined how certain events had significantly influenced the 

development of specific LZC technology-householder associations; such pivotal events emerge 

again in this chapter’s discussion on the maintenance and repair of LZC technology. Chapter 7 

also highlighted the variable degree to which householders interact with, and respond to, 

informal and formal modes of feedback from their technology. This diversity in technology-

householder associations is also apparent when examining maintenance and repair processes. 

As for the previous chapter, certain factors that contribute to this evident diversity in 

outcomes are revealed.  

I commence this chapter by evaluating the prevalence of faulty installations and find that 

these are a relatively common occurrence, the causes of which are discussed (Section 8.2.1). 

Given this prevalence, I proceed in Section 8.2.2 to consider how both householders and 

technologies are shaped by the processes of repair and how such processes impact on the on-

going development of technology-householder associations.  The topic of maintenance is 

researched in a similar manner; I start by evaluating the prevalence of maintenance activities 

and the factors that hinder and promote this (Section 8.3.1). The NHBC Foundation (2011b) 

has highlighted the need for a greater understanding of issues pertaining to the maintenance 

of LZC technology, such as whether householders know what maintenance is recommended. 

This section addresses such issues. I then proceed to consider how householders and 

technologies are shaped by the maintenance undertaken (Section 8.3.2).  The main findings 

from the chapter are summarised in Section 8.4. 

Through the discussion, the following four research questions are addressed: what is the 

prevalence and cause of faulty LZC technology and how do these faulty installations come to 

light (Section 8.2.1); to what extent are LZC technologies maintained and what are the 

underlying reasons for this (Section 8.3.1); has any on-going communication been received or 

feedback sought in relation to the LZC technology (Section 8.3.1); and, what are the wider 

benefits of maintenance processes (Section 8.3.2). 
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8.2 Faulty installations & the processes of repair 

8.2.1 What is the prevalence & cause of faulty installations?  

One of the common themes emerging from the research was faulty LZC technology. In this 

section, I explore the prevalence and potential causes of these faults, and the processes by 

which these come to light. Out of 26 interviewees, 15 drew attention to faults experienced; 

these cases are subdivided for discussion purposes into those where faults are likely to have 

been present from the outset and those where faults may have subsequently developed123.  

Approximately one third of all interviewees moved in with faulty technology and sometimes 

this was promptly detected; in one case, a flat had remained empty for six months after 

completion but the STHW system had been active during this period: 

‘The flat was empty; no-one was using it [the STHW system]. They are immensely 
efficient … so it just got so hot that it actually broke. So they had to go and fix it then.’ 
(ID155, STHW)124 

In another example, the STHW system’s temperature-control function was promptly identified 

as faulty: 

‘What happened was that somehow it managed to overheat, and all the insulation on 
the hot water pipe coming down through the roof into the hot water tank, didn’t burn 
off, but it scorched off.  So the whole system was over-heating. Whether this was a 
circulation problem or lack of monitoring on the roof, I don’t know.’ (ID312, STHW) 

Where householders are reliant on the technology for the provision of a certain service, it soon 

becomes evident if it is working unsatisfactorily: 

‘When I first moved in, the radiators weren’t heating up very much and there was a 
pressure difference problem across the input and the output of the heating system… I 
was initially noticing that the temperature was dropping during the times when 
everybody’s system was beginning to come on by default.’ (ID608, CHP) 

Although these householders promptly established their installation was sub-standard, others 

took up to a couple of years to do so. There were several reasons noted for these delays, the 

first being that performance levels were not noticeably influenced and effects from the faults 

took time to build up to discernible levels, as for the following example:  

                                                             
123 This distinction is hard to ascertain with certainty in a number of cases. 
124 A similar case where a STHW system fault was caused by under-use was observed by Bell et al. 
(2010).  
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‘Water is dripping, but very slowly … seeping through the ceiling onto the wall, and 
next door had it as well.  So they came round, replaced it and re-painted inside and 
according to the guy that came round to replace the pipe he said it was something to 
do with installation, when they put a nail through it or something ...’ (ID1154, MVHR & 
PV) 

Here, there was a minor but on-going leak from the condensate pipe attached to the MVHR 

unit in the attic. The occurrence of the same fault next-door pointed to an inexperienced fitter 

having damaged the equipment on installation.  

A second reason for delayed fault detection arises where incorrectly configured systems 

operate satisfactorily for a period of time until a fault-induced event occurs: 

‘… my pressure vessel in the hot water system failed, blew up, soaked my flat and the 
flat below. And I’m told it’s because … they put the pressure vessel which is designed 
for a glycol circuit in the hot water circuit. What they said was the gland in there 
deteriorated in the hot water and that exposed the metal in the pressure vessel to the 
hot water, and the hot water degraded the pressure vessel within two years.’ (ID826, 
STHW) 

Here, the technology’s components had been incorrectly configured, causing a key component 

to deteriorate over the two years before the incident occurred. This householder lived in a 

block of 19 flats and, as a result of this incident and poor performances from other 

installations, all 19 STHW systems were inspected and at least six had major faults; one 

system, for example, was allegedly plumbed in in-reverse125. 

In certain instances, manufacturers removed suspected faulty systems proactively before fault-

induced events occurred: 

‘… the manufacturer … sent us a letter last year saying there was a defect, or they had 
found a possible defect, with a part of it. As part of the warranty, because it was less 
than x years old, they would go and change it for us.’ (ID817, ASHP) 

‘… over a year ago now, [the manufacturer] called in some of their heat pumps. They 
had obviously had a problem with some of them and certain serial numbers they 
recalled.’ (ID1056, ASHP) 

A third reason for delayed fault detection can be partly attributed to householders not always 

knowing what to expect from their technology (for example, what discernible difference 

should MVHR systems make?).  

                                                             
125 This type of fault was also observed in two out of six new homes researched by Bell et al. (2010). 
Here, flow and return pipes were plumbed in in-reverse and this was stated as reducing the technology’s 
effectiveness ‘since the design of the panels and their control was geared to the specified flow direction’ 
(Bell, et al., 2010, p.37). 
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The preceding paragraphs focused on householders who had moved in with faulty 

technologies. For others, faults appeared to develop post-occupation:  

‘I have had problems where it’s leaked, so I do just quickly check the pressure is 
working and I’ve had a problem with the pressure gauge as well, it wasn’t reading the 
pressure correctly.’ (ID155, STHW) 

‘… I opened the door and [the STHW monitor] is only registering ambient temperature 
and it didn’t change. So, I phoned up the manufacturer and they said ‘Ah, well, if it’s 
only recording the ambient temperature, you’ve got something wrong with your 
sensor’ … ‘What happens is that birds pull the sensor out of the panel at the top and all 
the panel at the top is, is a copper tube with a thermocouple, and it’s on a very thin 
wire which goes down to the controls, and a bird thinks it’s a worm and it pulls it out.’’ 
(ID312, STHW) 

‘We had a leak and it covered most of the things in the airing cupboard with anti-
freeze and a nasty blue colour, but that was in its early stages.’ (ID312, STHW) 

‘We’ve also had leaks. In fact, when they were finished restoring my panel, there were 
leaks so I had to get them back to do it up again. But at the end of the day, it seems to 
me that a lot of fitters haven’t quite got an understanding of what they are doing.’ 
(ID826, STHW) 

‘… one of the questions is, well, these heat recovery systems keep going wrong, who’s 
paying for it – is that going to come straight out of our maintenance, and is that right 
that it should come out of there? I would have thought the warranty on these things 
would have been a lot longer.’ (ID1154, MVHR & PV) 

The reported causes of faults varied and included operating technologies in empty properties; 

damaging parts during installation; incorrectly configuring parts; installing incorrect parts; 

omitting parts; deteriorating parts; escaping fluids and tampering by non-human agents 

(birds). The means by which faults came to light also varied. Predominantly, householders 

became aware of these themselves, but sometimes neighbours drew attention to the 

likelihood of a fault and, in a couple of instances, manufacturers proactively replaced 

technology considered potentially faulty.  

The prevalence of faulty technology was not directly queried in the survey. How representative 

of the wider surveyed population were then the interviewees’ experiences?  The 26 

interviewees represented 19 developments, in which seven had multiple households 

experiencing faults: 

‘People were saying: ‘The water, it’s not as hot as it was. I had a shower in the evening, 
the heating’s not the same, why’s it different?’ Nobody knew, some people changed 
the heaters and found out that’s what it was.’ (ID295, STHW) 
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‘[The repair work] was done if we asked, or if somebody said: ‘Oh, we’ve had ours 
changed – don’t you think you should’ and so on.’ (ID312, STHW) 

‘I think there were a few problems. Initially, a lot of people in the building had 
complained, said there was a pressure problem with the actual combined heat and 
power unit.’ (ID608, CHP) 

‘Well quite a few people have brought them back regarding the system [MVHR]. I 
know of four of us, that’s all. The young girl over there brought them back because she 
didn’t think hers was working at all and another flat - they were getting other people’s 
cooking smells in their flat, and something had gone wrong with how they configured 
the whole thing.’ (ID804, communal biomass, CHP & MVHR) 

‘… we thought we’d complain to the builders/developers, who brought in the experts, 
who then re-plumbed in, renewed and re-installed all 19 systems… Probably half a 
dozen at least, maybe more [were found to be faulty].’ (ID826, STHW) 

Householders from developments other than those represented by the interviewees also 

mentioned faulty or underperforming installations through the ‘Any additional comments’ 

section of the questionnaire: 

‘It is rubbish – advert says: ‘Free piping hot water’ – Barely warms to 30oC.’ (ID426, 
STHW) 

‘I have experienced 2 major leaks from the system causing ceilings to collapse + other 
owners have had problems. The system is currently isolated and I would happily strip it 
out to give more useful storage space.’ (ID136, STHW - lives in a block of 12 flats)  

Comments from interviewees and questionnaire respondents suggest, then, that faulty LZC 

technology is a relatively common occurrence. Faulty installations have also been noted in 

other studies; in one, the NHBC Foundation (2012b) stated that insufficiently trained installers 

were blamed for 90% of faults. Caird & Roy (2008, p.343) interviewed 15 STHW-retrofitters, of 

which 80% reported faulty installations. PV-users (in retrofitted and new homes) appear to 

fare better, with Munzinger et al. (2006) reporting that 30% of 239 users had experienced 

operational disruptions, of which only 6.7% required external assistance to resolve. In another 

report, this time on MVHR systems in new homes (Zero Carbon Hub, 2012a, p. 6), it was 

concluded that failures in ‘design, installation and commissioning practice are all too common’. 

Thus, the finding in this research that faulty LZC technology is prevalent concurs with 

previously published academic literature and building-sector reports.  
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8.2.2 How are householders & technologies shaped by repair processes? 

Given the prevalence of faulty LZC technology as highlighted by the research participants, I 

proceed in this section to review the ways in which both householders and technologies are 

shaped by the ensuing processes of repair. For householders, the most common driver behind 

such shaping appears to be the content of conversations with repair persons. For some 

interviewees, encounters with these specialists constituted the first available opportunity to 

discuss their technology with a knowledgeable other, and four interviewees reported an 

increased engagement with their technology afterwards. The type of shaping engendered by 

these conversations can be characterised by the level of engagement that ensues. At the first 

notional level, householders gained an improved understanding of their technology: 

‘So how is this actually working as we don’t have a particularly sunny climate – how 
does it work?  And actually it’s by UV rays I think, so that’s why it works in cloudy 
conditions as well. So it’s quite clever. And obviously when people come round to 
service it you end up talking about it… all the guys I’ve met have been immensely 
enthusiastic about it.’ (ID 155, STHW) 

‘… I’ve learnt a lot more from talking to them. We’ve had up to three people at any 
one time overlooking the system...’ (ID826, STHW) 

At the second level, householders received and followed guidance on how to operate their 

technology: 

‘… when the plumber came I chatted to him about it [the ASHP] and he said: ‘Yes, you 
are better to leave it switched on, regulate it as you want it with the thermostat 
because that way you keep an even heat, the building itself keeps an even heat and 
you haven’t got to keep building it up and using a lot of extra fuel.’’ (ID1056, ASHP) 

‘He had to re-set it and he actually showed me, and explained to me, how the different 
dials and so on worked.’ (ID1056, ASHP) 

Where guidance received concurred with how householders were already operating LZC 

technology, it reinforced the approach adopted. In the following example, a STHW-user had 

installed a timer onto his immersion to regulate its otherwise constant use, and this form of 

control was subsequently advocated by the repair person: 

‘I did it and then when the guy came round to top up, he recommended it.’ (ID829, 
STHW)  

At the third level of shaping, householders received and followed guidance on how to monitor 

the performance or status of their technology: 
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‘… they had to purge the system and get the water through, and I guess at that point 
you become a bit more of an expert about pressure, and water, and is the system 
working; you know you check the bar gauge to see whether there is sufficient 
pressure… they said this is how you’ve got to use it, just make sure the bar is at a one 
bar pressure ...’ (ID 155, STHW) 

The fourth and highest degree of engendered engagement was exemplified by someone who 

received and followed guidance on how to self-maintain his technology. Here, the householder 

had telephoned the installers, who had previously repaired his technology, for further 

assistance and they talked him through how to self-maintain his technology: 

‘… there’s two valves you have – I don’t know why you have two – there must be some 
kind of reservoir or something to stop the pressure going straight away. You open one, 
then you open the other and you just wait for the bar to increase.’ (ID155, STHW) 

Via these four levels of engendered engagement, repair persons effectively enrolled 

householders further into the technology’s socio-technical network and the information 

provided formed part of the informal distributed inscription (Section 3.4) pertaining to the 

technology. In these examples, the trials triggered by the faults reconfigured both 

householders and their technology, whereby the LZC technology-householder association 

developed and re-stabilised into a more robust configuration. In these instances, then, the 

increased engagement between the householder and the technology engendered by the repair 

person constitutes another form of pivotal event, as introduced in Section 7.5. 

Rather than always furthering engagement, however, repair persons were seen on three 

occasions to promote instead a disengaged stance by STHW-users: 

‘If I think about it, the chap who came actually set the whole thing up, just said you 
don’t need to look at it at all, it just looks after itself... I remember the chap saying you 
don’t have to do anything.’ (ID256, STHW) 

Through such conversations, repair persons verbally black-boxed the technology, absolving 

householders of any responsibility for monitoring the technology’s performance or 

maintaining it, effectively shaping them as passive users.  In one of these cases, however, the 

only example of repair persons encouraging load shifting was noted (although the advice was 

not followed): 

‘I mean the recommendation from the fitter is that I should shower in the evening 
because then you’ve got a full days heat from the sun.’ (ID826, STHW) 

Shifting to a wider perspective, I now consider how the experience of dealing with faulty 

installations shapes householders’ perception of their technology. For two interviewees, these 
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experiences made them more comfortable with their technology – the ordeals (or trials 

(Section 3.4)) strengthened their knowledge of what could go wrong and the actions to take: 

‘I was really frustrated at the beginning: ‘Ah this is just too much hassle, what the hell, 
you’ve got this red expansion vessel – what the hell is going to go wrong here?’ ‘is the 
pressure going to shoot up, is it going to go down, why doesn’t it work?’ Now it’s just 
fine and I like it and it works.’ (ID155, STHW) 

Despite experiencing three faults with his technology, this householder was unconcerned 

about its future reliability as he now knew what could happen; he felt better prepared for 

future faulty eventualities. Through the processes of repair, he had learnt how to monitor and 

self-maintain his technology. Another householder also appeared satisfied with his STHW 

system, despite having experienced four separate faults:  

‘Now I have quite good control, I’m actually quite relaxed now. I have a safety valve 
and a safety temperature control in the system and they seem to be – there is a valve 
system too which wasn’t working very well, that’s been replaced as well. Happy with 
the technology, I’m keen to see it working, which I now can see.’  (ID826, STHW) 

Through the processes of repair, he had gained a better regulated, correctly configured system 

with which he felt comfortable.  

For three other interviewees, however, the experience of faults and the processes of repair 

had increased their wariness, regarding the technology’s on-going reliability and/or the cost of 

future repair-work. Certainly for the first example below, the householder had already 

envisaged an uncertain future for the technology: 

‘I think it has a limited life and I can imagine it breaking down and it not being worth 
replacing it …’ (ID273, STHW) 

‘I was concerned about reliability, purely because we had had this problem with it 
tripping out by overheating the water ...’ (ID1030, STHW) 

‘… it’s not just the routine maintenance, it’s issues, the fact that they’re stopping 
working, they’re clogging up a few months after the filter has been replaced. I think 
that’s why mine stopped working. You don’t know which part of it is routine, you 
know, and which isn’t. I mean I had this filter replaced before Christmas, so 6 months 
is a bit of a short time for it to block up again.’ (ID1154, MVHR & PV) 

For the remaining interviewees whose technology had required repair, their experiences did 

not appear to significantly influence their view of the technology, one way or the other: 

‘It’s only had one problem, probably not too bad. It’s a new technology and a new 
technology usually breaks down more frequently than an established technology but it 
seemed to be okay.’ (ID295, STHW) 
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Thus, the experience of dealing with faulty installations can be seen to shape perceptions in 

divergent ways, from making householders more wary of the technology to making them more 

comfortable, and potentially more resilient to the impact of any future faults. In Caird & Roy’s 

(2008) research on STHW-retrofitters, they observed how faults undermined users’ trust in the 

technology, but did not comment on any users becoming more comfortable with the 

technology.  

Having considered householders, I now turn to how LZC technologies are shaped in various 

ways by the processes of fault identification and repair, as surmised through analysing the 

interview transcripts.  Firstly, shaping occurs through the rectification of physical faults and 

deficiencies whereby component parts become correctly configured; substandard parts are 

displaced by higher calibre counterparts; worn out parts are replaced; incomplete installations 

with missing parts become whole; operating fluids are replenished; unregulated installations 

become self-regulating and, at times, whole units are substituted. In addition to rectifying 

initial faults, once repairs are underway other faults sometimes come to light and are attended 

to; initial faults thereby act as triggers for more thorough reviews and services of installations. 

In addition, through neighbourly conversations (see also Section 9.3), initial faults may cause 

neighbouring installations to come under increased scrutiny. Consequently, faulty installations 

elsewhere in the development may become identified sooner than they otherwise would have 

been. The rectification of faults can therefore involve multiple components and multiple 

installations, extending the processes of repair beyond that initially envisaged. 

The second and third forms of shaping are consequent to the physical upgrading of the 

technology and involve an improvement in the technology’s performance (as it potentially 

proceeds to function in greater alignment with designers’ intentions) and reliability levels (as 

repair persons reduce the probability of future fault-induced events by rectifying other 

previously concealed faults). 

The fourth form of shaping arises if the technology’s user becomes more engaged with the 

technology subsequent to the processes of repair. Such users may become more 

knowledgeable about, or more wary of, the technology. Any higher level of engagement may 

lead to improved modes of operating and enhanced monitoring for the technology (which may 

lead to earlier identification of future faults). Through becoming associated with more engaged 

users, technologies may therefore function better and be better safeguarded against future 

deterioration. In contrast, the fifth form of shaping of LZC technology arises when users 

become less engaged through the processes of repair. The disengagement of users (as 
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encouraged via the verbal black-boxing of the technology by certain repair persons) isolates 

the technology from on-going monitoring and maintenance, making it vulnerable to future 

deterioration. 

The sixth form of shaping arises when technologies gain a tarnished image. Within the 

warranty period, costs of repair may be fully or partially covered; beyond this period, however, 

an installation’s lifespan may become influenced by the frequency of its historical faults. Once 

users begin to incur full repair costs, they may focus more on the costs and benefits of 

conducting repairs. If an installation has a chequered history of faults, this may lessen its 

perceived benefits and influence the decision on whether to continue to repair and operate it. 

Finally, through the first instance of repair, LZC technologies become associated with repair 

persons. These transient associations can be re-invoked as necessary, facilitating quicker and 

more straightforward future processes of repair. Through these extended socio-technical 

associations, technologies become more manageable entities as users establish access to 

trusted sources of assistance.  

To conclude, LZC technologies may be shaped in a number of ways by the processes of fault 

identification and repair, encompassing changes to their physicality, functionality, 

manageability, image and lifetime. So far in this chapter, I have confirmed the prevalence of 

faulty LZC installations (as noted in previous studies) and revealed the range of ways in which 

both householders and technologies may be shaped by the processes of technological repair 

(as summarised in Section 8.4). I now turn to the related topic of maintenance. 

 

8.3 Processes of vigilance & maintenance  

8.3.1 What is the prevalence of vigilance & maintenance & what are the influencing 

factors? 

In this section, I go on to explore the prevalence of maintenance and related monitoring 

activities and factors that hinder and promote this. 12 of the 26 interviewees had never self-

maintained their technology or had it proactively maintained (or serviced) by others, although 

some installations had required repair (and may therefore have received some form of 

servicing during this). Several reasons for this lack of maintenance were identified, the first 

being a lack of written guidance on maintenance requirements; in one case, no documentation 

was provided and in three cases the documentation did not cover maintenance requirements: 
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‘I’ve got no paperwork about the unit itself.’ (ID1056, ASHP) 

‘There is no service guidance at all in the manual.’ (ID829, STHW) 

Six further interviewees possessing documentation on their technology did not know whether 

this covered maintenance as they had never referred to it for this. This highlights a second 

factor; householders may not consult available documentation for maintenance advice: 

‘I don’t know whether you’re supposed to get it serviced. I ought to go back and have 
another look in the user guide to see what it says about that.’ (ID424, MVHR & STHW) 

‘There’s probably a part [that says something about maintenance], but I haven’t really 
looked at it.’ (ID817, ASHP) 

‘I’m not even sure it warrants an annual inspection. I think it shows a spanner which 
says come and look at me. That’s about it. I’m not aware of anything.  I’m not a manual 
reader I’m afraid … As far as I’m aware, it either works or it doesn’t.’ (ID1023, ASHP) 

This situation was further illustrated by one couple who unearthed their STHW-manual in 

preparation for the interview, having lived in their home for four years:  

‘Though this is the first time I’ve actually opened the manual. It just went into a pile 
with everything else when we moved in.’ (ID928, STHW) 

Having now read the manual’s maintenance section, they were surprised to learn they should 

have been maintaining their technology: 

‘It’s supposed to be serviced every two years with a full drain down every four years.’ 
(ID928, STHW) 

They planned to get the system promptly seen to: 

‘There is a contact number in the back [of the manual]; I guess we’ll just use the 
number it says in here.’ (ID928, STHW) 

This couple had never solely depended on their technology, having run the immersion for four 

hours daily, year-round.  Such householders, who do not ever solely depend on STHW systems 

(see Section 7.4), cannot reliably judge whether they need maintenance through any changes 

in performance, as they would not necessarily detect this.  Another interviewee drew 

attention to a third factor:  

‘We really haven’t had any information on how often anyone should come and check 
it. It’s been over a year now and no-one’s come …’ (ID833, STHW) 

Excluding those who had centrally controlled LZC technology (such as CHP) or who co-owned 

their property with a housing company, only one of the remaining interviewees had ever 
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received any contact from a third party in relation to servicing their technology. The preceding 

quote suggests that certain householders may be awaiting such prompts which have not been 

forthcoming. This third factor, then, pertains to a lack of contact from others (such as installers 

and manufacturers) regarding servicing. 

In a couple of instances, non-maintainers appear to have been shaped by advice from repair-

persons: 

‘If I think about it, the chap who came actually set the whole thing up, just said you 
don’t need to look at it at all, it just looks after itself… so as far as I know I don’t have 
to maintain it.’ (ID256, STHW) 

Thus, this fourth factor pertains to repair persons sometimes reinforcing a non-maintenance 

stance. A couple of interviewees in the non-maintainer category had previously tried or were 

currently trying to arrange for the regular servicing of their technology, but had experienced 

difficulties with doing so: 

‘… what they were saying was: ‘We’re not issuing any more maintenance contracts – 
and sorry we can’t come and repair your equipment’, which I found most 
unsatisfactory … I can’t find anybody who will take responsibility or issue a 
maintenance contract … these people are all very keen on installing this equipment, 
but nobody wants to take on the maintenance.’ (ID312, STHW)  

When this householder moved into his property, he did not immediately consider establishing 

a maintenance contract, though a number of his neighbours did. After faults in his own and in 

some of his neighbours’ technology came to light, he tried to obtain a maintenance contract, 

but by then neither the installer nor manufacturer was interested in entering into such a 

contract.  

Another householder had tried arranging maintenance for his technology (MVHR, PV and 

STHW systems) for some time. He lived in a development containing privately owned homes 

(including his own) and shared-ownership homes; for the latter, the housing company involved 

had arranged for a maintenance company to tend to the technology. The interviewee had 

approached this maintenance company to try and also attain an annual maintenance contract, 

which he had eventually secured, though the first visit offered was not for eight months and 

the contract excluded the PV system (which he was advised needed no maintenance). Given 

the efforts required to attain this contract, he considered the process should be made easier. 

Both of these interviewees highlighted a fifth factor that can hinder the extent to which LZC 

technology is maintained; maintenance contracts can be difficult to establish. 
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Although the householder discussed above had now obtained a maintenance contract, he was 

concerned about the associated on-going costs; the MVHR and STHW systems were costing 

£100 and £169 per year respectively. He would not have chosen to install a STHW system 

himself, given that its benefits were unclear and maintenance costs might offset any benefits. 

This householder had never solely relied on his STHW system, having always had the gas boiler 

on, as initially set up when he moved in. This operating mode would have adversely impacted 

on the benefits he could have received from the STHW system. 

In the preceding paragraphs, various contributory factors that help account for why 46% of 

interviewees do not currently monitor or maintain their LZC technology have been identified. 

These include the lack of any documentation on their technology; the absence of maintenance 

information within documentation provided; householders’ lack of reference to the 

documentation provided; a lack of proactive contact from third parties in relation to getting 

technologies serviced; the reinforcement of a non-maintenance stance by repair persons; and 

a difficulty in arranging for servicing for those that have tried. These factors do not all apply to 

all non-maintainers. What then do most have in common - they do not remember reading any 

information that recommends maintenance and they have not had any maintenance tasks 

suggested to them by other sources.  A lack of maintenance of LZC technology has been noted 

in other studies. Both the NHBC Foundation (2012b) and Stevenson et al. (2013), for example, 

report that MVHR-users may not undertake any filter changes despite such maintenance being 

necessary for the correct functioning of the technology (McLeod, Hopfe, & Rezgui, 2012). 

Similarly, Munzinger et al. (2006) note a low attendance to PV systems, with only 40% of 

householders checking their PV display monthly. The Zero Carbon Hub (2012a) suggests that 

the reason householders are not undertaking basic maintenance (specifically the changing of 

MVHR filters) is that possibly they do not appreciate its necessity. This research has 

contributed to a more in-depth understanding of the factors that hinder and promote 

maintenance activities. 

I now turn to the 14 interviewees who have some monitoring or maintenance arrangements in 

place. In half these cases, the responsibility for arranging this resides with a third party and, in 

all but one such case, the technology includes a communal system. For communal systems, 

this responsibility rests with the management company, or other managing organisation, and 

householders pay for this through a service charge. Three of the interviewees lived in a 

development where the provision of hot water and space heating were centrally provided 

through the possible use of three different technologies – a biomass boiler, a CHP system and 
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three gas boilers. The need to annually maintain these had led to prospective high service 

charges; these were of significant concern to the interviewees and the subject of on-going 

debates: 

‘Because you see, one of the arguments in this meeting was, we’re paying for the 
service of the CHP, the service of the biomass and the servicing of three separate gas 
boilers ... I mean no other household would ever do something like that.’ (ID804, CHP, 
communal biomass & MVHR) 

This development’s occupants had met with the management company and challenged the 

annual maintenance costs initially established. Independent of the management company, 

certain occupants contacted other maintenance companies and attained significantly reduced 

quotes.  These residents’ discontent centred on the imposition of unreasonable maintenance 

costs - partly due to the management company not obtaining competitive quotes for this work 

and partly because there were three communal technologies to maintain, which appeared 

excessive. 

The other three interviewees with a CHP system lived in a large block of flats where the energy 

services company was owned by the local authority. Here, the magnitude of the energy costs 

was not highlighted as being of particular concern and it was not a subject of discussion 

between the interviewees and other residents. 

The remaining case where a third party arranged for maintenance involved a shared-

ownership home. Here, the technology itself was not communal (MVHR and PV systems) but 

maintenance and access to it was strictly the housing company’s domain - they had arranged 

for a maintenance company to service the technologies for at least the first year and they had 

also managed the rectification of faults during this time (such as caused by blocked filters in 

the MVHR system). The issue for the householder centred on having to be at home to allow 

access to the maintenance company and also to the increasing service charge levied for this 

and other maintenance arrangements.  The interviewee did not have the opportunity or 

authority to self-maintain her MVHR unit, which was located behind a locked door in the 

attic126: 

‘They [the housing company] have partitioned off half of the room – the space where 
the box is – and it’s locked, and they took the key.’ (ID1154, MVHR & PV) 

                                                             
126 An arrangement also observed by Monahan (2013) within MVHR-fitted social housing. 
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This householder had experienced a series of blocked filters with the MVHR system and 

wondered whether it would be more convenient and cheaper for her to be trained on how to 

change filters: 

‘I mean how much more does that cost, involving two other - well [the housing 
company] and the specialist contractor that comes out to do it, whereas if you just did 
it yourself it would be a lot less costly.  If it was a simple job, which I think it is…’ 
(ID1154, MVHR & PV) 

So, for four of the seven interviewees where the technology’s maintenance was arranged by 

others, a key concern was the cost thereby imposed upon them. In one development, where 

three of these interviewees lived, the residents had worked effectively together to contest 

these costs. 

The remaining seven of the 14 interviewees who had some maintenance (or monitoring) 

arrangements in place were responsible for arranging these themselves. What factors, then, 

had led them to do this? In four instances, the interviewee’s maintenance activities had been 

shaped by someone repairing or servicing their technology: 

‘So when they were fixing it the second time, they also had it in their house, they said 
this is how you’ve got to use it, just make sure the bar is at a one bar pressure, you’ll 
be fine.’ (ID155, STHW) 

This householder monitored the pressure gauge every few days as the STHW system had 

previously leaked. He had been told by the repair company (who were also the installers) how 

to replenish the system’s fluid, which he did on a monthly basis. This householder was 

unaware of the recommended maintenance schedule (or whether it was detailed in the 

instruction manual) and had no planned external service arrangement in place. To an extent, 

this householder monitored and self-maintained his technology, and his actions had been 

shaped by advice received from those undertaking repair work. 

Another householder had experienced several faults with his STHW system and through 

conversations with repair persons had been advised to check pressure levels: 

‘If the pressure in the system goes down, which I’m supposed to look at, then you call 
in somebody.’ (ID826, STHW) 

However, once the system was working effectively in summer-time, he ceased regular 

checking. During summer-time, he relied on the technology and, to an extent, he therefore 

continued to monitor the system’s status through the adequacy of hot water provision. From 

attending to previous faults, he now had contacts to use for future maintenance or repair 
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purposes. To the extent that it was undertaken, this householder’s monitoring activities had 

been shaped by advice from those repairing his technology and he had not consulted the 

instruction manual provided. 

The other two householders had both arranged to service their technology when moving in to 

their homes, each of which had housed a previous occupant. The first of these sourced a ‘solar 

hot water service engineer’ through the internet, who subsequently serviced his technology 

and provided him with monitoring advice: 

   ‘He warned me about the pressure meters.’ (ID240, PV & STHW) 

The pressure meter was checked weekly and if the pressure was to fall, the householder was 

to re-contact the service engineer. His written instructions stated nothing about maintenance 

and he stated he would follow the service engineer’s advice regarding servicing frequency: 

‘… the chap I spoke to said every 2 or 3 years really is good enough.’ (ID240, PV & 
STHW) 

With regards to his PV system, he had been told ‘that fundamentally you fit it and leave it’, so 

he was not planning to maintain that. The second householder who moved into a previously-

occupied home also wanted the technology serviced. She contacted the management 

company for her apartment block, which had the installer’s contact details:  

‘… I wasn’t sure that mine was working properly, so I had the firm in to service it and it 
needed more anti-freeze in the panel. So I was glad I had had it serviced. In some 
ways, the cost of the servicing doesn’t make it cheap but it’s using modern technology 
and its being eco-friendly.’ (ID265, STHW) 

Although the instruction manual recommended annual servicing, the householder stated she 

would follow the service engineer’s recommendation of a two-yearly service, possibly partly 

driven by the service’s cost (£150 to £200). The engineer demonstrated how to replenish the 

system’s fluid, but she felt insufficiently competent to do this: 

‘There’s a pipe, a tube that you connect to top up something. So I’d have to have him 
in because that’s too technical.’ (ID265, STHW) 

In these four cases then, householders’ maintenance activities and arrangements had been 

shaped by advice from those repairing or servicing their technology. In the one instance where 

the instruction manual was known to contain recommendations on service frequency, these 

were overridden by a service engineer’s advice.  
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I now consider the remaining three interviewees who undertook some monitoring or 

maintenance activity. A factor shaping the maintenance activities of one of these householders 

was his professional experience; he knew how to monitor and self-maintain his technology 

through experience gained as a building surveyor. He monitored the STHW system’s pressure 

gauge from the outset and topped up fluid levels as necessary, typically yearly: 

‘It is quite complicated because it’s a pressurized system – you have got to connect a 
flexible union onto the system to pressurize it and then you have got to open some 
valves to let the water through – then you have got to turn it off and disconnect it 
because the Water Board regulations prevent you from having a continuously 
connected hose.’ (ID273, STHW) 

Ignoring the instruction manual, he based maintenance activities on his working knowledge of 

such technology. Through regular pressure gauge checks, he was able to detect a significant 

leak from the system after a few years in the property.  

There was also a singular case where an instruction manual had appeared to shape an 

interviewee’s maintenance activities: 

‘… so I just went through the manuals to try and understand what it is.’ (ID958, PV & 
STHW)  

This householder, a resident for six months, monitored the STHW system’s pressure gauge and 

was looking to establish a service contract: 

‘… we are probably going to arrange for somebody to come and do a service of the 
system on an annual basis ...’ (ID958, PV & STHW)  

His monitoring activity and the envisioned servicing arrangement appeared shaped by the 

instruction manual. 

For the remaining interviewee, some limited monitoring guidance was initially received; it is 

likely that this was verbally communicated by the developer: 

‘The only maintenance that we were told was that we have essentially a bucket in the 
airing cupboard and we were told that if that filled up, then it was glycol leaking out of 
the panels and we needed to call someone.’ (ID1030, STHW) 

The bucket-check was made approximately yearly. This householder was not provided with a 

comprehensive instruction manual (just a few words regarding the control panel) and was 

surprised to learn through the interview that the STHW system might benefit from periodic 

servicing:  
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‘Yes, it hadn’t actually occurred to me that it might need doing; yes, we’ll have to 
check that actually.’ (ID1030, STHW) 

She did not have the installer’s contact details, but planned to get this from the developer. 

Here then, some degree of limited monitoring was undertaken, probably as advised by the 

developer, but no wider maintenance had been contemplated. 

The frequency of maintenance by a third party appeared to be influenced, in one of the 

previous cases, by associated costs; here, the householder thought it had been more 

expensive to service her STHW system compared to a gas boiler: 

‘… it was more expensive, I think it was - I can’t be exactly right, but it was between 
£150 and £200 … They were there an hour and it was so much for the first hour. 
Fortunately, they finished it in the hour but the anti-freeze was over and above the 
charge.’ (ID265, STHW) 

As mentioned previously, although the instruction manual in this case recommended annual 

servicing, the householder was going to adopt the two-year frequency advocated by the 

service engineer, thus keeping costs down. Another interviewee had had to pay £200 labour 

costs for a repair, even though his STHW system was under warranty (as this only covered 

parts). He was able to avoid annual maintenance costs by monitoring and self-maintaining the 

technology, but he made the following point about STHW systems: 

‘I imagine it’s not really worth having if you have got to have someone look at it every 
year and they’re going to charge £100 for a call out …’ (ID273, STHW) 

As demonstrated by this research (Section 7.4), a proportion of STHW-users do not rely solely 

on their technology at any point and therefore its full capabilities and benefits are not being 

made apparent to them. For this cohort of users, maintenance costs may appear harder to 

justify as the potential benefits of undertaking such work would be less quantifiable. This 

situation was encapsulated well by the following quote: 

‘… if the general population aren’t yet focussed on the real benefits of it, they aren’t 
going to spend money maintaining something which they don’t think is going to give 
them the benefit in the first place.’ (ID826, STHW) 

Walker (2008a) draws attention to the problem such maintenance costs may present to low-

income households; this research suggests, however, that maintenance costs may prove 

problematic (in that they are hard to justify) for the wider population if such costs are not 

evidently off-set by energy savings accrued through operating the LZC technology. Many 

interviewees would welcome forms of feedback which help them to better quantify these 
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savings (although feedback from PV systems was deemed adequate due to the FIT) (Section 

7.4). 

To summarise, for half of those 14 interviewees that have some monitoring or maintenance 

arrangement in place, the responsibility for arranging this resides with a third party, either 

because the technology is communal and the responsibility of a management company or 

because the home has a shared-ownership arrangement, where the housing company has 

assumed this responsibility. For the remaining seven interviewees who have some 

maintenance (or related monitoring) in place, the following factors were influential: the advice 

received from those repairing or servicing their technology (in four cases); the knowledge 

gained from their professional experience; the information within an instruction manual; and 

verbal advice received from the developer. So, only 27% of all interviewees had personally 

taken on responsibility for some degree of maintenance (or related monitoring) of their LZC 

technology and a further 27% relied on a third party (such as a housing company or 

management company) to arrange for this. 

The significant shaping potential of verbal advice is apparent from this research. In five out of 

the seven cases where interviewees undertook maintenance (or related monitoring) 

themselves, this was prompted by verbal advice received, mainly from those undertaking 

repair work on or maintenance of LZC technology. In addition, two interviewees who did not 

undertake maintenance also appear to have been shaped by verbal advice from repair 

persons127. In comparison, in only one case did written documentation appear to prompt 

maintenance activity. However, three interviewees in the non-maintainer category did state 

that the documentation on their technology did not stipulate any maintenance requirements; 

it is therefore possible that this absence of written advice reinforced a non-maintenance 

stance. These findings suggest that verbal advice (which may either promote maintenance or 

encourage a non-maintenance stance) has a significant shaping potential on users; the shaping 

potential for written material, where provided, is less evident. In other words, informal modes 

of distributed inscription as presented by verbal advice have a more evident shaping potential 

than formal modes of inscription (such as instruction manuals). 

25 out of the 26 interviewees stated that no-one, whether it be the developer, installer or 

manufacturer of the technology, or any other organisation, had proactively contacted them to 

advise them on how best to maintain their technology; to market maintenance and repair 

                                                             
127Such factors that can both promote and hinder changes, in an energy-saving context, have been 
stated as having a ‘double valence’ in Bartiaux’s (2008, p.1) writing.  
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services; or to assess and inform them as to whether the technology was functioning as 

intended128. For the two householders that had tried to arrange for maintenance contracts, 

difficulties had been experienced. These two findings highlight that there is no effective 

support framework in place for those that move in with LZC technology, whether it be from 

the local authority, developers, installers, manufacturers or others. This concurs with an NHBC 

Foundation study (2012b, p.8) that concluded there was inadequate ‘after-sales support’ for 

such households; similarly, in a study of 72 GSHP and ASHP-users (mainly retrofitters), 22% 

were dissatisfied with the technical support available (Caird, Roy, & Potter, 2012). A smaller 

scale study involving six households spread over four new developments established that the 

developer had not sought any feedback on householders’ experiences with installed LZC 

technology (NHBC Foundation, 2013b). The finding in this research that there is no effective 

support framework in place for those that move in with LZC technology corroborates such 

previous studies. 

 

8.3.2 How are householders & technologies shaped by maintenance processes? 

In Section 8.3.1, I explored what factors influenced, or shaped, the prevalence of maintenance 

activities.  In this section, I focus on how maintenance processes in turn shape householders 

and LZC technology. Turning first to householders, Section 8.3.1 highlighted a number of ways 

in which householders may become shaped by maintenance activities.  Firstly, through 

monitoring the technology and arranging for or undertaking maintenance work, the user 

becomes more attentive to the technology and alert to changes with it. Secondly, in so far as 

periodic monitoring checks and maintenance activities are undertaken, new household 

routines are initiated. Thirdly, where householders arrange for maintenance directly, they 

attain a connectedness to those that provide maintenance support. There was some concern 

expressed regarding the on-going maintenance costs, compared to the energy costs saved 

through the technology’s continued operation. Lastly then, through the processes of 

maintenance, householders may become sensitised to the uncertain viability of maintaining 

their technology in the longer term due to cost factors. 

How then are LZC technologies shaped by maintenance processes?  Firstly, the aim of 

maintenance activities is typically to help maintain the technology’s performance. Much LZC 

                                                             
128In two instances, household energy consumption and the indoor environment were being monitored 
by a university research team, but no advice had yet been received from them in relation to the LZC 
technology.  
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technology will gradually deteriorate if unattended to, as evidenced by householders’ accounts 

in this research; fluids leak out, filters get blocked and parts cease to serve their function, for 

example. Dependent on the extent of maintenance undertaken, it can provide a degree of 

protection against and warning of such deteriorations. Maintaining technology to a physical 

standard close to that intended by designers should help ensure it also performs as intended, 

in terms of the quantities of and efficiencies with which low carbon or renewable energy is 

generated.  Thus, maintenance can impact on the physical integrity, lifetime and performance 

of LZC technology. 

Secondly, in its contribution to sustaining or improving the technology’s performance, 

maintenance processes also serve to protect against deteriorations in the technology’s image.  

Where technology has been incorrectly fitted, maintenance checks by knowledgeable persons 

can identify this before major inconveniences result. Without such proactive checks and in the 

absence of observable faults, such faulty and potentially underperforming technology may 

continue undetected for considerable periods of time, as evidenced by this research. The 

likelihood of such scenarios is heightened where householders do not ever rely solely on the 

technology for the provision of an energy service. Both the continued operation of 

underperforming technology, potentially since its commissioning, and the occurrence of 

significant fault events have the potential to undermine users’ regard for their technology. 

Where users’ views are discussed with others, such conversations may additionally tarnish the 

technology’s image more widely (see Section 9.3). From a public relations perspective, then, 

effective maintenance can provide a ‘damage limitation’ service to this emergent energy 

sector where substandard and faulty installations are common, as evidenced by this research. 

Thus, maintenance can impact on the image of LZC technology. 

Thirdly, when organised or undertaken by householders, maintenance promotes an on-going 

working relationship with LZC technology, ensuring it remains (or periodically returns) to the 

householder’s consciousness. Not surprisingly, those seven interviewees that undertook some 

form of maintenance (or related monitoring) all stated within their questionnaires that they 

were interested in the ways in which their technology worked and what affected its 

performance levels. The interviewees’ attendance to maintenance processes contributed to 

the technology’s visibility within the home and such processes carve out a space for these 

technologies in their user’s routines, strengthening the technology-householder association. 

Thus, maintenance enhances the prominence of LZC technology within the home.  
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In addition to furthering connectedness with householders, maintenance processes also 

connect technology to maintenance contractors, unless householders undertake maintenance 

in-house. This enables knowledge of the technology’s status to be transferred to others 

beyond the home, which potentially contributes to some form of feedback for installers and 

manufacturers, where these are involved. In this way, maintenance can add to the 

connectedness of technology beyond the home.  

In their research on ‘climate change experiments’ on an urban scale, Broto & Bulkeley (2013, 

p.1936) view maintenance as a ‘structural process’. Based on this research, however, I would 

argue that maintenance (certainly of household LZC technologies) should not be viewed simply 

through a structural lens – there are additional not-so-structural elements to be 

acknowledged. As previously discussed in this section, LZC technology can be shaped in various 

ways by maintenance processes, including improvements to their physical integrity, lifetime, 

performance, image, prominence and connectedness. Householders also become shaped by 

maintenance processes by becoming more attentive to their technology, enrolled in new 

household routines and potentially connected to knowledgeable others. Householders may 

also become sensitised to the uncertain viability of maintaining their technology in the longer 

term due to the associated costs. 

 

8.4 Conclusions 

In this chapter, I have considered the prevalence of both maintenance and repair activities and 

the various ways in which these shape householders and LZC technology. In Section 8.2.1, I 

established the prevalence and cause of faulty LZC technology and how these come to light. 

58% of interviewees (n = 26) drew attention to faults experienced, with at least half of these 

moving in with faulty technology at the outset. Some promptly established installations were 

sub-standard, but others did not because either the fault’s impact on the technology’s 

performance was unnoticeable; adverse effects arising from the fault took time to build up to 

a discernible level; incorrectly configured systems operated satisfactorily for a period of time 

until a fault-induced event occurred; or householders did not know what to expect from their 

technology. The reported causes of faults encompassed the operation of technology in empty 

properties; damage to parts during installation; incorrect configuration of parts during 

installation; installation of incorrect parts; missed-out parts; deterioration in parts; escape of 

fluids and tampering by third parties (birds). Predominantly, householders became aware of 
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the faults themselves, but sometimes it was neighbours who drew attention to the likelihood 

of there being a fault and, in a couple of instances, manufacturers proactively replaced 

technology that was considered to be potentially faulty.  

In Section 8.2.2, I went on to consider how householders and technologies become shaped by 

the processes of repair. Conversations with repair persons appeared to have significant 

shaping potential on householders’ understanding of and interactions with LZC technology, as 

such specialists often constituted the first opportunity householders had to discuss their 

technology with a knowledgeable other.  Four interviewees reported an increased engagement 

with their technology following such conversations, ranging from improved understandings to 

the self-maintenance of installations. Rather than always furthering engagement with LZC 

technology, however, conversations with repair persons were also seen to promote a 

disengaged stance by householders on three occasions. Here, repair persons verbally black-

boxed the technology, absolving householders of any responsibility for monitoring or 

maintaining it, and these conversations effectively configured the householders as passive 

users.  The experience of dealing with faulty installations was found to shape householders’ 

perception of their technology in divergent ways, from making them more wary of the 

technology to making them more comfortable.  As regards the LZC technologies, these may be 

shaped in a number of ways by the processes of fault identification and repair, encompassing 

changes to their physicality, functionality, manageability, image and lifetime. 

In Section 8.3.1, I established the extent to which LZC technologies were maintained and some 

of the underlying reasons for this. 46% of interviewees (n = 26) had never self-maintained their 

technology or had it proactively maintained by others. Various factors appeared to contribute 

to this lack of maintenance, including the lack of any documentation on their technology that 

could guide them; the absence of maintenance information within documentation provided; 

householders’ lack of reference to any documentation provided; a lack of proactive contact 

from third parties (such as installers or manufacturers) in relation to getting technologies 

serviced; the reinforcement of a non-maintenance stance by repair persons; and a difficulty in 

arranging for servicing for those that had tried. Most non-maintainers had the following in 

common; they do not remember reading any information that recommends maintenance and 

they have not had any necessary maintenance tasks recommended to them by any other 

source.  

54% of interviewees (n = 26) had some monitoring or maintenance arrangement in place for 

their LZC technology. In half these cases, the responsibility for arranging this resided with a 
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management or housing company. For the remainder, a number of factors emerged as being 

responsible for shaping monitoring and maintenance activities; namely, the advice received 

from those repairing or servicing their technology; the knowledge gained from their 

professional experience; an instruction manual; and verbal advice from a developer. The 

research findings indicated that verbal advice (which may either promote maintenance or 

encourage a non-maintenance stance) has a significant shaping potential on users; the shaping 

potential for written material, where provided, was less evident. 

Additionally in Section 8.3.1, I examined the extent to which householders received on-going 

communications in relation to LZC technology. 96% of interviewees (n = 26) stated that no-one 

(not the developer, installer, manufacturer or any other organisation) had proactively 

contacted them to advise them on how best to maintain their technology; to market 

maintenance and repair services; or to see whether the technology was functioning as 

intended129. For the two householders that had tried to establish maintenance contracts, 

difficulties had been experienced with doing so. These two findings highlight that there is no 

effective support framework in place for those that move in with LZC technology in new 

homes, whether it be from the local authority, developers, installers, manufacturers or others, 

a finding which supports previous studies.  

Finally, in Section 8.3.2, I considered how householders and LZC technologies are shaped by 

the processes of maintenance. I found that householders become more attentive to the 

technology; enrolled in new household routines; connected to knowledgeable others (where 

external maintenance support is arranged); and, also, potentially sensitised to the uncertain 

viability of maintaining their technology in the longer term due to the associated costs. 

LZC technology becomes shaped by maintenance processes in a number of ways. Dependent 

on the extent of maintenance undertaken, it can provide a degree of protection against and 

warning of deterioration and thereby impact on the physical integrity, lifetime and 

performance of the technology. It was also noted that maintenance can contribute to the 

prominence of the technology within the home and to its connectedness beyond the home, 

where maintenance contractors are employed. I commented that, from a public relations 

perspective, effective maintenance can provide a ‘damage limitation’ service to this emergent 

energy sector where substandard and faulty installations are common. The continued 

                                                             
129In two instances, household energy consumption and the indoor environment were being monitored 
by a university research team, but no advice had yet been received from them in relation to the LZC 
technology.  
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operation of underperforming technology and the occurrence of significant fault events have 

the potential to undermine users’ regard for their technology, as may be communicated to 

others, thereby contributing to the wider public perception of such technology. Through the 

early identification of such installations, maintenance has the potential to positively impact on 

the image of LZC technology. 

The topic of communication is explored further in the next chapter, both in terms of intra-

household and inter-household conversations on LZC technology. 
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Chapter 9: Thinking & talking about LZC technology 

9.1 Introduction 

One aspect of the LZC technology-householder association that remains to be considered in 

this thesis is the degree to which householders talk about their technology with others. As 

discussed in Section 4.2, domestication encompasses the objectification of technologies 

through intra-household conversations. It also encompasses the extent to which householders 

converse about their technologies with persons outside the home; that is, the extent to which 

they engage in the conversion component of domestication. Although how particular 

householders think about their technology has emerged at various points within Chapters 6 to 

8, this aspect of objectification has also yet to be examined comprehensively. Thus, in this 

penultimate chapter, I explore further the extent to which LZC technology is discussed by users 

and how it is viewed. 

The chapter is sub-divided into three parts: namely, the extent of household discussions 

pertaining to LZC technology (Section 9.2); the ways in which householders connect with 

others outside the home in relation to their technology (Section 9.3); and the meanings or 

attributes householders ascribe to their LZC technology (Section 9.4). These three parts will be 

introduced and summarised separately within each relevant section. 

 

9.2 Intra-household associations 

9.2.1 Introduction 

In this section on intra-household associations, I examine the degree to which joint 

householders discuss and assign responsibility for their LZC technology. Three elements to this 

are covered. I commence by establishing the degree to which these technologies are the 

subject of household conversations and find that such conversations tend to be driven by on-

going matters of concern (Section 9.2.2). I proceed in Section 9.2.3 to consider whether the 

technology slots into existing gendered patterns of everyday life and establish that men are 

typically responsible for these unfamiliar installations. I then look further at household 

responsibilities and assess who advocates changing daily routines to capitalise on the energy 

produced by the technology. The first and second elements are encompassed mainly by the 
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objectification component of domestication theory and the third is encompassed by the 

incorporation component. The conclusions are presented in Section 9.2.5. 

Through the discussion, the following research question is addressed: do LZC technologies slot 

into existing gendered patterns of everyday life (Section 9.2.3). 

 

9.2.2 To what degree is LZC technology the subject of household conversations? 

The degree to which LZC technologies are the subject of household conversations was 

assessed with those interviewees who lived with another adult. In six of these 14 joint 

households, the technology was under discussion for various reasons. In one case, there was a 

heightened awareness of communal technologies (CHP and biomass heating) as these were 

not operating as intended and the predicted costs of doing so significantly exceeded initial 

expectations. Regular debates on these issues with other residents, both formally and 

informally, stimulated on-going internal household dialogue:  

 ‘We still talk about it quite a lot.’ (ID804, CHP, communal biomass heating & MVHR)  

In another case, a couple had been living for less than a year with an ASHP and were still 

getting to grips with how best to operate it:  

‘the upstairs is fine but the downstairs is not quick enough to react to the changing 
[external] temperatures ….’ (ID1023, ASHP) 

Here, the issue of concern was the lower level of comfort experienced on the ground floor, 

due to the longer response times associated with this form of heating. They were satisfied 

overall with the technology’s performance but, due to periods of discomfort (as temperatures 

adjusted as required), it was a subject of conversation. Another couple had experienced 

difficulties in setting up a maintenance contract for their technology – hence this had been a 

conversational topic. 

One householder envisaged that once the negative issues pertinent to them had been 

resolved, discussion on the technology would diminish although interest in it would remain: 

‘… I think once this dispute is sorted, we probably are not going to discuss it that much. 
I’m going to keep an eye on it all the time.’ (ID958, PV & STHW) 

In another household, there were seasonal expressions of wonder at the STHW system’s 

performance, together with one period of discussion triggered by a fault:   
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‘… we talk about it in the summer, when they’re working. My husband became quite 
obsessive about running upstairs, and checking the temperature saying: ‘My God, 
they’re working really well’… ‘and when the gas bill comes, it’s always: ‘Wow, that 
really is amazing. It’s costing us virtually nothing to live through the summer.’ And then 
when they aren’t working, it’s definitely a topic of conversation... It was a real: ‘Get on 
to the builders because we need them out tomorrow to re-set it so they’re working 
again.’’ (ID1030, STHW) 

So, in five of these six joint households, the status of the technology as a subject of 

conversation appeared driven by issues of concern, rather than satisfaction, that pertained 

mainly to financial issues but also to comfort and maintenance issues. 

In the remaining eight of the 14 joint households, there was no (or limited) discussion 

concerning the technology. Although possibly spoken about when moving in, the technology 

was no longer of daily interest: 

‘I guess for the first couple of weeks it was [a topic of conversation] because I moved 
into the flat first and then she moved in with me about a month later. So it was kind of 
like: ‘Look at this shiny new heating system we have, it’s under-floor and we have – it’s 
partly run, I don’t know by how much, by a solar heating system’, and it was kind of 
exciting, new and a novelty. I still talk about it with people outside, you know with 
people I haven’t bragged about it before to, but I wouldn’t say we discuss it, just me 
and her.’ (ID833, STHW) 

Discussion in this group appeared curtailed by the following factors: only one adult was 

interested in the technology (see Section 9.2.3); there was a lack of understanding regarding 

the technology; or the technology appeared to be functioning well and was not a matter of 

concern. Having reviewed the extent to which LZC technologies are objectified through 

household conversations, I now turn to another element of objectification; how 

responsibilities for the technology are distributed amongst household members. 

 

9.2.3 Does LZC technology slot into existing gendered patterns of everyday life? 

As part of the survey, householders were asked to identify whether they or another party were 

responsible for operating and maintaining their LZC technology (including communal systems); 

40% of the 96 respondents to this question stated that a member of their joint household was 

responsible for these tasks (Figure 9.1) and in the majority (70%) of these 38 cases, it was 

designated as the man’s responsibility. A further 27% of these 38 cases stated that this 

responsibility was shared between couples and in only one instance was a female within a joint 

household identified as being responsible for these tasks. 
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Figure 9.1. Who oversees the operation and maintenance of LZC technology? 

This gendered allocation of responsibility for operating and maintaining LZC technology was 

further explored with those interviewees who were part of joint households. In five of these 14 

relevant households, no-one paid any significant attention to these aspects of the technology. 

In seven out of the remaining nine joint households, the responsibility for operating, 

maintaining and/or repairing the technology resided mainly or solely with the man. In the two 

further households, this responsibility appeared more evenly shared. The predominantly male 

adoption of these responsibilities sat alongside a greater (self-proclaimed) male interest, 

ability and/or knowledge of these technologies: 

‘The rest of the family don’t really understand it, so I set it up and leave it on a fairly 
idiot’s basis that it’s used.’ (ID273, STHW) 

‘… I think my wife in fact is a bit of a technophobe and as long as something is deemed 
to be working, I think she reckons that is good enough for her.’ (ID240, PV & STHW) 

‘I would say I’m more interested in it than she is and I’m trying to persuade the rest of 
the family ...’ (ID958, PV & STHW) 

‘[I’m a] bit more knowledgeable and secondly more interested, I guess…’ (ID1023, 
ASHP] 

Even in cases where the woman partook in selecting the technology’s settings, the interviews 

suggested that the man still considered he held overall responsibility, and men certainly 

appeared more active in monitoring, maintaining and/or arranging for the repair of LZC 

technology: 
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Questionnaire responses to the question: 'Who ensures that the 
LZC energy technology is operating efficiently and is maintained as 

necessary?' (n = 96) 
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‘She is technically minded up to a point and we went through the programming of the 
boiler together. She has rudimentary knowledge, if you will. If things were to go 
wrong, she knows how to shut it off and programme it.’ (ID817, ASHP) 

‘… one of the reasons we down-sized is we’re both old-people and one of us is going to 
die at some time, not yet. So, therefore we are keeping each other informed. I’ve 
learned how to use the washing-machine; she’s learned how to move money on the 
computer and so on. So if we need to re-set the timing on the heating, she prefers to 
do it and get used to the idea. She’ll do anything [that] needs doing on it ...’ (ID312, 
STHW) 

These findings are aligned with Gram-Hanssen’s (2008, p.1188) research into district heating in 

Denmark, where she concludes ‘it is more often the norms of men or caretakers that influence 

the routines for regulating heating.’ Similarly, Klein (1983, p.177) found that in German 

households with retrofitted STHW systems, these were ‘usually the domain of and a challenge 

to the male family-head.’ In research on MVHR-fitted new homes, Stevenson et al. (2013, p.79) 

noted that women perceive they have less control over ‘ventilation when compared with 

men’, and advocate probing this finding further. The finding in this research that men are more 

responsible for the maintenance and repair of LZC technology is aligned with research that has 

established the gendered nature of household maintenance and repair work more generally 

(see Barstad, 2014).  

This research suggests that LZC technologies become gendered due to the division of labour 

prevailing within the households studied. Here, the allocation of responsibilities for the 

technology is aligned with, and contributes to, the existing gendered division of labour130 and 

the technology is typically symbolised as a male concern. Faulkner (2001, p.83) terms such 

gendering processes as ‘gendering by association’; that is, the gendering of the technology 

arises from its association with a gendered division of labour.  

I now go on to explore whether any patterns can be discerned in which household member 

advocates the most optimal mode of use for the LZC technology.  When joint households were 

asked (within the survey) who had the main responsibility for making sure that day-to-day 

practices in the home made the most of the energy generated by the technology, 58% 

reported that it was the man’s responsibility and 42% stated that this responsibility was shared 

(Figure 9.2). No respondent reported that it was the woman’s responsibility. The gendered 

portrayal of this aspect of technology-householder associations was further explored with the 

interviewees. Of interest, were those joint households where attempts had been made to 

                                                             
130 Refer to Lagesen (2012, p.444) for an ANT informed analysis of the ‘doing of gender’. 
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change daily routines as a result of the technology, and this was noted in six of the 14 joint 

households represented by the interviewees. 

 

Figure 9.2. Who is responsible for ensuring that day-to-day practices capitalise on the LZC energy 
produced in joint households?  (10 responses have been omitted from this diagram as the gender of 
the householder was not specified) 

In two out of these six cases, male interviewees had tried to influence others to change their 

routines. In the following example, a man recounts how he employs gentle encouragement to 

successfully persuade his partner to change the timing of chores that he views as strictly 

residing within her gendered domain: 

‘Interviewer: In terms of encouraging appliances to go on later, is that just verbal 
   persuasion or do you just do it yourself? 

Interviewee: Well the washing machine and tumble drier, those are strictly my 
wife’s domain. I do not touch those. 

Interviewer: How do you encourage those to be put on later then? 

Interviewee: Well, I sort of skirt round it and say: ‘It’s a lovely sunny day, think of all 
that electricity we’re generating, would it be better to do the washing 
now rather than whenever?’ (ID240, PV & STHW) 

In the other of these two cases, the male interviewee described the resistance that his partner 

exhibited to the idea of changing her bathing routine:  

‘… I mean people are just going to do whatever they are going to do. I mean I did 
suggest to my wife when the best time would be to take a bath and she just gave me a 
withering look.’ (ID273, STHW)  
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This householder likened his chance of changing his partner’s routines to that of having ‘as 

much chance with a chair’. He attributed this lack of success to the fact that his partner was 

not financially responsible for meeting their energy needs: 

‘They don’t pay for it you see, that’s the thing. It’s the person who pays for it [that] is 
the person that sees the benefit.’ (ID273, STHW) 

This example illustrates that unwilling members of the household may restrict the degree to 

which load shifting can occur (a subject discussed in Section 7.4). Although the timing of 

routines which consumed hot water had not shifted, this household did try to rely on the 

technology in summer-time when the hot water generated was usually sufficient to meet their 

needs. If their demand outstripped the solar-heated supply, however, they relied on the 

immersion rather than waiting for the solar-heated supply to replenish. 

In a further two of the six joint households, where attempts had been made to change daily 

routines, the responsibility for operating energy-intensive washing appliances during PV-

electricity generating hours was shared. The remaining two of these six households were fitted 

with an ASHP and here both adults were involved in setting the system to adequately meet 

their heating needs.  

To conclude, the survey findings highlight that men are more likely to have the main 

responsibility for making sure that daily activities make the most of the energy produced by 

LZC technology.  

 

9.2.4 Gender differences in research participation rates & responses 

I noted that 59% of survey respondents were men (Figure 9.3). When considering only joint 

households, 59% of respondents were again men. The finding that men were more likely to 

complete a LZC technology-related questionnaire than their female partner was corroborated 

by anecdotal door-step conversations: one woman stated that she would get her husband to 

participate as she was too busy and two others stated they would pass it on to their husbands 

who knew more about the technology. This gender difference in questionnaire completion has 

also been observed in studies on proactive installers of STHW and PV systems (Faiers, 2009), 

where the disparity was more pronounced (64% male participants). It has also been observed 

in a survey on household energy consumption, where again 64% of participants were men 

(Abrahamse & Steg, 2009). In contrast, research into household electrical appliances, which 



 

 

[199] 

 

considered energy consumption and environmental impacts, found that 10% more females 

than males completed the research questionnaire (Mansouri-Azar, 1996). As advocated by 

Reed & Christie (2009), I have given some consideration as to whether the gender of the 

research participants might have influenced the research findings generated. 

As illustrated in Figure 9.2, a gender difference was noted in how participants answered the 

question of ‘who had the main responsibility for making sure that day-to-day practices in the 

home made the most of the energy produced by LZC technology’. The 17 women who 

answered this question on behalf of a joint household either stated that it was a joint 

responsibility (71% of the time) or the man’s responsibility (29% of the time). The 28 men who 

answered this question on behalf of a joint household either stated that it was a joint 

responsibility (25% of the time) or their responsibility (75% of the time). No respondent 

reported that it was the woman’s sole responsibility. Thus, women were more likely to say this 

responsibility was shared, whereas men were more likely to say this responsibility was theirs.  

 

Figure 9.3.  Survey participation numbers by gender and household type 

This difference can be interpreted in (at least) two ways, the first one being that women and 

men perceive their respective contributions to making the most of energy produced by LZC 

technology differently. The second interpretation might be that those women who complete 

the questionnaire are more likely to emanate from households where these responsibilities 

are shared, and this is reflected in their responses. The first explanation draws attention to the 

possibility that the ways in which some or all of the questions are answered could be 
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influenced by the gender of the research participant, a possibility that would also extend to 

the interviews conducted.131 One way to explore such differences further would be to get each 

adult within the household to complete the questionnaire and to separately interview them.  

Such an approach might form an interesting avenue for further research into the prevalence of 

gendered responses within this topic. 

 

9.2.5 Conclusions 

The purpose of Section 9.2 was to examine the degree to which joint householders discuss and 

assign responsibility for their LZC technology. In Section 9.2.2, I explored the degree to which 

LZC technology was the subject of household conversations and found it was not regularly 

discussed in 57% of the 14 joint households represented by the interviewees. Although 

generally spoken about when moving in, this communication diminishes when only one adult 

is interested in the technology; when there is a lack of understanding regarding the 

technology; or, when the technology appears to be functioning well and is not a matter of 

concern. In the remaining 43% of joint households represented by the interviewees, the 

technology remains under discussion and, in all but one case, this relates to on-going matters 

of concern that pertain mainly to financial issues but also to comfort and maintenance issues. 

I then addressed the question of whether LZC technology sloted into existing gendered 

patterns of everyday life (Section 9.2.3), with the generally accepted alignment of technology 

with predominantly male interests. I established through the survey that, where someone in a 

joint household was responsible for operating and maintaining the technology (n=38), this was 

the man in 70% of cases; in only one instance was a female identified as having sole 

responsibility for this, with responsibility being shared in the remainder of cases. This 

gendered allocation of responsibility evident from the survey was further explored with 

interviewees from joint households. Again, responsibility for operating, maintaining and/or 

repairing the technology typically resided mainly or solely with the man. To this extent, the 

technologies can be said to slot into the existing gendered patterns of everyday life in the 

households interviewed. The research highlighted a greater (self-proclaimed) male interest, 

                                                             
131 Such a ‘differentiated pattern of responses’ has been observed in other areas of research (such as 
Barstad, 2014) and has been suggested as arising from one or both genders ‘knowingly or unknowingly 
giving false impressions of the distribution of power in the areas of decision-making and responsibility’ 
(Cloke, 2001, p. 3). Another possibility is that householders are just ‘giving their impression of their 
intra-household dynamic processes’ (Cloke, 2001, p. 3). 
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ability and/or knowledge of these technologies and men appeared more active in their 

monitoring, maintenance and repair. 

I then ascertained whether any patterns could be discerned in which household member 

advocates the most optimal mode of use of LZC technology. I established that in 58% of joint 

households who answered this survey question (n=45), it was stated that the man had the 

main responsibility for ensuring that daily activities made the most of the energy produced, 

and in 42% of joint households this responsibility was shared. The gendered portrayal of this 

aspect of the technology-householder association was further examined during the interviews; 

representatives of 14 joint households were interviewed, but in only six was it evident that 

attempts had been made to change routines because of the technology. In two of these, the 

man had tried to instigate a degree of load shifting, and one was successful. In the other four 

households, the responsibility for making the most of the energy generated appeared more 

evenly shared.   

Finally, in Section 9.2.4, I observed the differences in research participation rates and 

responses between genders. I noted that 59% of all survey respondents from joint households 

were men and considered whether the gender of research participants might have influenced 

the research findings generated. A gender difference was noted in how the question of ‘who 

had the main responsibility for making sure that day-to-day practices in the home made the 

most of the energy produced by LZC technology’ was answered within joint households; 

women were more likely to say this responsibility was shared, whereas men were more likely 

to say this responsibility was theirs. I proposed that this difference can be interpreted in (at 

least) two ways, the first being that women and men perceive their respective contributions to 

making the most of energy produced by LZC technology differently. The second interpretation 

is that those women who complete the questionnaire are more likely to emanate from 

households where these responsibilities are shared, and this is reflected in their responses. 

The first explanation draws attention to the possibility that the ways in which some or all of 

the questions are answered could be influenced by the gender of the research participant. 

Having examined the degree to which joint householders discuss and assign responsibility for 

their LZC technology, I now widen the focus of study to consider the extent of users’ 

discussions about their technology with others beyond the home. 
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9.3 Inter-household associations 

9.3.1 Introduction 

In this section on inter-household associations, I give attention to the conversion component 

of domestication. Within this study, conversion involves the ways in which householders 

connect with others outside the home in relation to their LZC technology (Section 4.2) and 

three elements to this are researched. I commence by examining the extent and nature of 

technology-focused interactions between households within any given development (Section 

9.3.2), identifying factors that appear to promote and hinder such interactions. The role that 

Residents’ Associations and Management Committees play in facilitating the exchange and 

dissemination of information is also evaluated (Section 9.3.3), and I find that they do not 

automatically play a role in assisting with the formation of neighbourhood norms in relation to 

installed LZC technology. I then widen the network under study to examine the extent of 

communications between householders and their acquaintances beyond the development, 

and whether these conversations have led to others installing similar technology (Section 

9.3.4). The main findings from this section are summarised in 9.3.5. The extent and nature of 

technology-focused interactions between successive occupants of the same dwelling could 

also be viewed as falling within the conversion component of domestication, and this has 

previously been discussed in Section 6.5.  

Through the discussion, the following three research questions are addressed: to what extent 

do households in a given development provide LZC technology-related support to each other 

(Section 9.3.2); what role do Residents’ Associations play in facilitating information exchange 

and assisting with formulating neighbourhood norms (Section 9.3.3); and, to what extent do 

new home occupants recommend their LZC technology to others and have these others 

proceeded to install LZC technology (Section 9.3.4). 

 

9.3.2 To what extent do neighbours provide support to each other? 

Within this section, I examine, firstly, the extent to which residents within the same 

development provide LZC technology-related support to each other and, secondly, the timing 

and objectives of such interactions. I then provide an account of whether these interacting 

residents consider that the technology’s presence has contributed to a sense of community 

within their development. Lastly, I focus on those developments where technology-oriented 
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interactions between households are absent and explore what reasons interviewees suggest 

for this. 

I assessed the extent of interactions between households in a given development via both the 

survey and interviews. 29% of survey respondents (n= 122) identified neighbours (or others 

with similar technology) as a source of information on how to maximise the performance and 

benefits from their LZC technology (Figure 7.1). Amongst the 26 interviewees, 54% had sought 

or received advice from other residents on how to operate, maintain and/or repair their 

technology, or had just discussed the technologies more generally with them.   

The interview transcripts provide some insights into when and why residents turn to each 

other. Some did so soon after moving in to obtain guidance: 

‘I knew nothing about solar panels so I asked my other residents in the flats…Speaking 
to the neighbours in the flat, one with a solar panel said that they switched the boiler 
off. So I switched my boiler off and it worked.’(ID265, STHW) 

‘… I did get to know the people who are renting the house next to me … because they 
came round and knocked on the door to find out what they were supposed to do with 
the ventilation system.’ (ID424, MVHR & STHW) 

Certainly in the first quote, the knowledge of how to use the STHW system effectively appears 

to have been successfully translated from one neighbour to another, in that it has been 

understood and acted upon. These LZC technologies were new to all interviewees and inter-

household conversations provided an opportunity to identify commonalities or differences in 

each other’s experiences and modes of operation; that is, they assisted with establishing 

technological norms as exemplified by the following quote: 

‘The only problem we’ve had with it [MVHR], particularly in damp weather, we 
sometimes had a smell – this is myself and my neighbour, living in No.x. The best way 
to describe it is you get a slightly fishy smell. It’s a strange smell, but you’d only get it 
when it was damp …’ (ID424, MVHR & STHW) 

One interviewee had provided advice to others from the outset; he was the developer of his 

house and the adjoining two properties:  

‘Basically they were fascinated and very pleased to have them [the ASHPs], other than 
the fact that their son in the middle house continually keeps changing the thermostat 
and I get calls saying it’s not working. It is, just you keep playing with the thermostat.’ 
(ID1023, ASHP) 

In a limited number of cases (see Section 9.3.3), interviewees identify their Residents’ 

Association or Management Committee as a forum where information on LZC technologies is 
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sometimes exchanged, although these discussions may not necessarily lead to clarification on 

issues: 

‘Well it has helped a bit but it has made it a bit more confusing as well because people 
have different ideas. So you think: ‘Oh my God, have I got that right?’ ‘Have I got the 
idea right how this works?’ Then you have to go back. There’s a lot of information to 
read through, I really don’t have the time.’ (ID1154, MVHR & PV) 

Where residents within a new development do not initially speak to each other regarding their 

common technology, such conversations may arise later at social gatherings: 

‘… we moved in in March, and so did pretty much everybody else, and we went to a 
barbecue with one of our neighbours in late June of that year, and we said: ‘These 
solar panels are amazing, we’ve just turned off all our hot water’, and we were the 
only people who had. Everybody else was still using their boiler all the time and said: 
‘Really, do they work?’’ (ID1030, STHW) 

In a number of instances, technology-related exchanges and support emerges or escalates 

when faults in the technology become apparent. Below are two extracts exemplifying this type 

of interaction: 

‘… quite a few people have brought them [the developer] back regarding the [MVHR] 
system. I know of four of us… The young girl over there brought them back because 
she didn’t think hers was working at all and another flat – and I don’t know which one 
it was - they were getting other people’s cooking smells in their flat, and something 
had gone wrong with how they configured the whole thing.’ (ID804, CHP, communal 
biomass & MVHR) 

‘People were saying: “The water, it’s not as hot as it was, I had a shower in the 
evening, the heating’s not the same, why’s it different?” Nobody knew. Some people 
changed the heaters [STHW panels] and found out that’s what it was.’ (ID295, STHW) 

Technological faults may exist from the outset but only come to light and be discussed 

between residents after a period of time (see Section 8.2). In one block of 19 flats, two years 

passed before six of the 19 STHW systems were established as being incorrectly installed. Up 

to this point, certain residents had complained amongst themselves that they were not 

seemingly gaining anything from their technology but had not taken any ameliorative action as 

they were unfamiliar with what to expect from it; that is, they had no performance benchmark 

against which they could infer the technology was faulty, as opposed to just inherently 

ineffective. It was only when one resident had the fault detected by a plumber looking at an 

unrelated issue, that the faulty systems came to light and action from the residents was 

catalysed: 
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‘So I said: ‘I want it looked at please’, and as it happened about three or four or more 
people in the flat were not getting any response from their solar system at all, they 
didn’t seem to be getting any value from it. One chap had the thing plumbed in 
reverse. Instead of being in the upstream it was in the downstream. So he had the 
whole thing correctly plumbed in. And then I think, largely because I’m now on the 
Management Committee for the flats, we thought we’d complain to the 
builders/developers, who brought in the experts, who then re-plumbed in, renewed 
and re-installed all 19 systems.’ (ID826, STHW) 

Such evidence of one or more residents advising others of the need to investigate or repair 

their technology was noted elsewhere. In the next example, from a development where 

certain dwellings had STHW systems, the fault related to sub-standard insulation that was 

melting around one of the installation’s hot piping. The resident that discovered this fault 

encouraged others to have it seen to:  

‘I had spoken to a neighbour and he had said: ‘Well, you really ought to have this 
done’. So I said: ‘Okay.’’ (ID312, STHW) 

Offers of assistance are not always taken up, however: 

‘… the poor lady - her husband died a few months ago and she has no idea about 
anything. She doesn’t think the solar heating has ever worked and I offered to go and 
speak to her about it but she never took me up on it.’ (ID312, STHW) 

To summarise, 54% of interviewees stated that they had sought or received advice from other 

residents on how to operate, maintain or repair their technology, or had just discussed the 

technologies more generally with them. Such interactions typically involved either new 

occupants turning to other residents soon after moving in to gain from their experiential 

knowledge; neighbours exchanging information on their technology, enabling them to 

benchmark their own experiences and the performance of, and ways of using, unfamiliar 

technology; householders recommending to others that they have their technology checked 

for particular faults; or, technology-related exchanges and support between residents 

emerging or escalating when faults or other issues were found to be common to a number of 

installations. In such instances, residents have been seen to come together to address the 

issue. 

Published research on the extent of associations between LZC technology-users, with which to 

compare these findings, is scant. Geographical research on renewable energy undertaken at 

the community level has focused mainly on the social acceptability of more-than-household-

scale installations (Fast, 2013; Barnett, et al., 2012; Batel, Devine-Wright, & Tangeland, 2013), 

the factors influencing the deployment of community-owned installations (Walker, 2008b) and 
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the dynamics of community projects (Walker, et al., 2010). The ways in which numerous 

household-scale installations within a community influence aspects of that community has not 

been noticeably researched in the UK context. One pertinent study, however, has been 

undertaken in Japan, where Hondo & Baba (2010, p.233) surveyed 120 active PV installers in a 

particular city. They reported that 33% had ‘sometimes’ or ‘often’ communicated with other 

PV users, a finding which is aligned with this research where 29% of 122 LZC technology-users 

communicated with neighbours in relation to their technology. Hondo & Baba (2010) 

established that those who communicated with others were, on average, more aware of their 

technology than those that did not. Such awareness was measured by how often the 

householders viewed some aspect of their installation (such as the panel or electricity 

generation figures). The research did not probe the conversations’ content, however, but 

suggested it related to PV systems.  

Having considered those that do converse with their neighbours about their technology, I now 

turn to those that do not. In the survey, 71% of respondents (n=122) did not highlight 

neighbours as a source of information on how to maximise the performance and benefits from 

their LZC technology. Amongst the interviewees, 46% had not discussed their technology with 

neighbours and various reasons for this were highlighted. In the presentation of these reasons, 

householders have been assigned to one of two categories. The first contains those that do 

talk to others within their development, but not about the technology. The second category 

contains those that do not talk to other residents much at all. 

The following quotes came from householders assigned to the first category: 

‘Everyone there was quite friendly, anyway. So they had barbecues in their gardens, 
people would talk, but no-one specifically goes: ‘Oh, solar panels on the roof – how’s it 
working for you’… No, it didn’t really happen. I’m sure a lot of them probably didn’t 
even know they had them … Because they were mainly tenants … They just moved in 
with the estate agents. The estate agent couldn’t tell them, so they probably never 
knew.’ (ID295, STHW) 

‘They have conversations when other appliances go wrong – washing machines, the 
fridge, whatever it is. If their computer was to go off, I’m sure we’d talk about it. If 
nothing’s wrong with it, it doesn’t come up.’ (ID817, ASHP) 

These quotes suggest two reasons for the lack of LZC technology-related communications: 

firstly, that there had been no known faults with the technology and, secondly, that such 

conversations with renting tenants were less likely as they may be less knowledgeable about 

the technology, or may even be unaware of it.  
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This next set of quotes comes from householders assigned to the second category, that is, 

those who did not talk to neighbours much at all. The first comment comes from a woman 

living in an extra care development and she attributed the lack of interaction with other STHW-

users to their advanced years: 

‘One lady is about 96, I think, the man on the other side is about 95, and there’s one, 
two, certainly two empty flats that haven’t been re-sold. And there’s Dot along the 
end – she is very elderly…’ (ID94, STHW) 

‘I don’t see them very often, no. I might have mentioned it to them once. I don’t think 
it’s ever come up actually.’ ‘… it’s probably because it just works actually. People tend 
to gossip about things that don’t work.’  (ID155, STHW) 

‘It’s fairly transient in some ways. [This resident estimates more than half the flats are 
rented] (ID155, STHW) 

‘A number of the houses are rented so the people that are renting aren’t really 
interested in what’s going on. A lot of them tend to come and go, every 6 months 
they’ve changed.’  ‘We don’t tend to see that many people. Because we’re at the front 
[of the cul-de-sac], they tend to drive past us.’ (ID928, STHW) [In a gated development 
of 24 houses, 25% of which were estimated as rented. All houses had roof-integrated 
STHW systems.] 

‘At least half of them are rented so the renters are busy earning enough money to pay 
the rent…They’re even less interested.’ (ID829, STHW) 

‘I think because there are too many flats, most people are working, it’s a bit like an 
isolated community. I don’t see any neighbours at all.’ (ID640, CHP) [This resident 
attributes his lack of interaction with other residents to the large size of his block of 
129 flats.] 

These quotes raise the following development-specific suggestions as to why the technology 

had remained undiscussed: the residents were too elderly to be engaged with; the technology 

worked so there was nothing to discuss – people tend to talk about things that do not work; 

the development had a fairly transient population due to the proportion of renting tenants, 

and those that rent were less likely to be interested in interacting with other residents and less 

likely to be interested in the technology; other residents tend to drive past rather than walk 

past other homes so there was less opportunity for interactions; and the large size of one 

apartment block was thought to discourage neighbourly interactions. The last two suggestions 

highlight that the circulation of experiential knowledge between neighbouring technology-

users may be hindered by the development’s physical characteristics, where these exclude 

‘spaces or possibilities to mingle and connect’ (Marcus, Neumark, & Broome, 2011, p. 12). 
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Taken together, reasons for not discussing LZC technology with neighbours can be assigned to 

either the absence of known faults (technology-based) and/or the following development-

based characteristics: 

 composition of inhabitants (mainly the number of renting tenants but also occupants 

of advanced age in one case); 

 predominance of driving over walking through the development; 

 building design does not encourage neighbourly encounters (due to the large number 

of flats). 

Given the numerous references interviewees made concerning renting tenants, I explored this 

issue further. An analysis of survey responses shows that 88% of those that turn to neighbours 

for technology-related information own or part-own their homes, which is higher than this 

category’s proportion within the wider group of respondents (80%) (refer to Section 5.6, Figure 

5.7).  12% of those that turn to neighbours for such information rent their homes, which is 

lower than this category’s proportion within the wider group of respondents, which was 18% 

(refer to Figure 5.7). This analysis indicates that home owners (or part-owners) are slightly 

over-represented in the group that turn to neighbours for technology-related information, 

whilst renting tenants are under-represented. This suggests that owner-occupiers are more 

likely to turn to neighbours for support in this regard than those that rent, which supports the 

view expressed by a number of interviewees that renting tenants are less likely to discuss their 

LZC technology with neighbours.  

Finally in this section, I consider the impact of LZC technologies on the sense of community 

within a development. The introduction of such unfamiliar technology into new developments 

has, as outlined previously, led 54% of interviewees and 29% of survey respondents to discuss 

their technology with other residents. To what degree has this technologically-driven 

communication fostered neighbourhood connectivity (Marcus, Neumark, & Broome, 2011) by 

leading to new or enhanced associations? Phrased alternatively, to what extent has LZC 

technology exhibited agency through influencing the extent and nature of neighbourly 

associations and possibly thereby enhancing a development’s sense of community? 

The interview transcripts provide some insights pertinent to this question. Of the 14 

interviewees (54%) who had discussed their technology with other residents, six consider that 

the technology had led to a greater level of interaction between residents or a greater sense of 
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community than there would otherwise have been. For these residents, the technology would 

have appeared to have exhibited some degree of agency in this regard: 

‘It’s a key talking point.’ (ID805, CHP, communal biomass & MVHR) 

‘I think it has added to the level of interaction.’ (ID240, PV & STHW) 

Five of the six residents that regarded the technology as having led to a greater level of 

interaction and/or a greater sense of community, live in developments where there has been 

significant collective grievances regarding the technology due to nuisance issues, financial 

concerns and/or faulty installations. Here, residents have come together to address common 

or communal problems rather than to celebrate common or communal technology. These five 

residents live in developments where the Residents’ Association or Management Committee 

has been involved in addressing these common or communal problems.  

To the extent that LZC technology has exhibited agency in promoting new and enhanced 

associations between residents and/or a greater sense of community, this research highlights 

that this agency stems, in most cases, from shared negative experiences with the technology. 

The role of Residents’ Associations and Management Committees as drawn attention to in the 

last paragraph is examined further in the next section. 

 

9.3.3 What role do Residents’ Associations play in the exchange of information? 

Within the published literature, the potential or existing role that Residents’ Associations may 

play within new developments equipped with LZC technology appears not to have been 

researched. How communities engage with larger-scale LZC technology (such as wind-turbines) 

has received attention (Devine-Wright, 2009; Walker, et al., 2010) but how forms of 

neighbourhood governance engage with pre-fitted household-scale LZC technology remains 

unexplored.  

In this research, the 26 interviewees represented 19 different developments, which are the 

unit of analysis for this particular section. Residents’ Associations or Management 

Committees132 were noted as operating (at varying levels of activity) within eight 

                                                             
132 Where developments contain communal facilities which require maintenance (such as communal 
gardens, gates and lighting), Management Companies undertake this task as paid for by residents’ 
contributions. In these situations, a Management Committee of residents may liaise between the 
residents and the Management Company to oversee expenditure.  
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developments133. In only three out of these eight cases have the Residents’ Association or 

Management Committee discussed or influenced in some way the operation of the LZC 

technology. Each of these three developments are characterised by two factors; firstly, all 

homes are either served by communal LZC technology or all have individual LZC installations 

and, secondly, there have been financial or technical concerns with the technology installed.   

One of these developments contains homes which are co-owned by the occupants and a 

housing company. Each home has MVHR and PV systems, so the occupants’ homes have 

technological features and an active link to the housing company in common. The occupants 

had formed a Residents’ Association through which they discussed technical and financial 

concerns relating to the technology (amongst other issues) and their aim (at the time of the 

interview with one of the occupants) was to draft out a common position and present this to 

the housing company: 

‘We’ve got a residents’ meeting tomorrow to discuss things like this because we’ve 
been charged about £150 more maintenance fees than we were last year and it’s in 
order to use as a sink fund for large amounts of maintenance that might be required in 
the future...So we’re happy with that, but then one of the questions is, well, these 
heat recovery systems keep going wrong, who’s paying for it? Is that going to come 
straight out of our maintenance and is that right that it should come out of there? I 
would have thought the warranty on these things would have been a lot longer…We 
don’t know who to present it to - we want to present it, we want to give our thoughts 
to [the housing company], but have got to get it past [their normal point of contact] …’ 
[ID1154, MVHR & PV] 

In another of these developments, prior to widespread faults being detected in the individual 

LZC installations, the Management Committee had not discussed the technology, considering it 

solely the responsibility of individual residents. After the discovery of widespread faults, the 

Management Committee represented the residents’ interests and took effective action leading 

to the re-installation of all 19 STHW systems. Looking to the future, one interviewee who was a 

member of this Committee envisaged that it would retain this engagement with the 

technology, keeping residents informed, for instance, of maintenance requirements: 

‘We’ve got to maintain the system. And what will that entail? I think it means keeping 
the residents informed. That is what we have to do, that and for other things as well.’ 
(ID826, STHW) 

                                                             
133 Five out of the 11 developments that lacked a Residents’ Association or Management Committee 
were relatively small, being comprised of five dwellings or less.  
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So, in this case, the experience of intervening to address widespread faults with the LZC 

technology had effectively led the Management Committee to develop a sense of 

responsibility for assisting residents with their individual installations that was absent before 

this intervention occurred. 

For five of the eight developments with a Residents’ Association or Management Committee, 

however, the installed LZC technology had remained undiscussed, as exemplified by the 

following quotes: 

‘… we had an AGM just a couple of weeks ago, [the LZC technology] wasn’t spoken 
about’ (ID265, STHW in 9 out of 14 flats) 

‘And when it [the Residents’ Association], does meet we’re more likely to be discussing 
the site maintenance, the gardeners and so on, where there is management conflict. 
So really, the Residents’ Association, to the extent that it exists, is purely to administer 
the management contract which we all contribute to the cost of.’ (ID424, MVHR & 
STHW) [Part of a large development where an unknown proportion of dwellings have 
LZC technology] 

These findings suggest that Residents’ Associations and Management Committees, where 

present, do not automatically play a role in facilitating the exchange of information and 

assisting with the formation of neighbourhood norms in relation to installed LZC technology. In 

only three of the eight developments with either a Residents’ Association or Management 

Committee, did these play a role in facilitating the exchange of information on LZC technology 

and in potentially contributing to the formation of neighbourhood norms in relation to how 

the technologies were understood, operated and/or maintained. In each of these cases, 

residents had technologies and concerns in common. Given that Residents’ Associations and 

Management Committees are comprised of residents (and those renting out their properties), 

it is perhaps not surprising that matters of common concern feed through into the activities of 

these managing bodies. That is, the fact that they are common concerns legitimates their 

inclusion within the remit of the managing bodies. 

So far in Section 9.3, I have researched the LZC technology-driven interactions between 

householders within the same development. I now widen the network of interest to look at 

interactions with others beyond the development. 
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9.3.4 To what extent do householders discuss their LZC technology with others? 

69% of the 26 interviewees discussed their LZC technology with friends, the wider family or 

work colleagues; some of these conversations have just drawn attention to the presence of the 

technology but eight interviewees  state they have gone further and recommended it to others 

and/or provided advice regarding it: 

‘I did [discuss the LZC technology] when I first moved in. People would talk about: ‘It’s 
a nice house’ and I’d always talk to them a little bit about the sort of energy 
credentials, so yes, but I wouldn’t now.’ (ID424, MVHR & STHW) 

‘Yes, I’ve mentioned it to most people, most of my friends and family who visited, the 
first time I show them around, I always say we’ve got this new greener, 
environmentally friendly heating system and they say: ‘What’s that?’, so … biomass 
blah blah blah…’ (ID805, CHP, communal biomass & MVHR) 

‘I think I might have said to my friends as we discussed it, I recommend you get it.’ 
(ID155, STHW) 

‘… we tell everyone about it, that they are brilliant and if they are going to think about 
doing something green, get those because they are awesome. They definitely work.’ 
(ID1030, STHW) 

‘I would actually advocate they think about it now, whereas I wouldn’t have done in 
the past, no. Now I’ve had the experience of it, …, you get a certain amount of 
confidence in recommending it.’ (ID1023, ASHP) 

As the last quote indicates, as certain householders gain experience of their technology, and 

where they perceive that it is effective, they gain confidence in recommending it to others. 

Indeed, 70% of those that discuss the technology with others (n = 18) view the technology 

positively (for example, it provides a financial or environmental benefit, or they are proud of 

it).  

The extent to which occupants of new homes recommend their LZC technology to others has 

previously not received much attention. A small-scale study of five new homes quoted certain 

householders as stating that they would recommend their technology but the number that 

actually had recommended it was unclear (NHBC Foundation, 2012d). In another study 

involving six households spread over four new developments, four stated they would 

recommend their LZC technology to friends, but again it was not confirmed whether anyone 

had done so (NHBC Foundation, 2013b). 

The potential impact of not being able to discuss the LZC technology was evaluated via the 

survey. Here, householders were asked to assess whether an insufficient opportunity to 
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discuss their technology with other users (as opposed to non-users) had constituted an 

obstacle to them improving the performance of their technology. As illustrated in Figure 9.4, 

15% of surveyed householders viewed this obstacle as very or extremely significant.  

 

Figure 9.4. The impact of not being able to discuss the LZC technology with other users 

Where the LZC technology has been discussed with friends, the wider family or work 

colleagues, these others are deemed in a number of instances by interviewees to be interested 

in the technology: 

‘When they first came round and I told them about it, one of them, when his girlfriend 
then came round another time said: ‘Oh yes, come and have a look at this, he’s got a 
solar panel’. There are definitely some people who are more interested I guess than 
others.’ (ID155, STHW) 

‘I’m fairly positive about it. A number of our friends are positive as well, but some just 
don’t want to know.’ (ID240, STHW) 

‘My son was very interested in it [the ASHP] when I first moved in. In fact, he’s 
seriously wondering whether he might look in to having it himself.’ (ID1056, ASHP) 

‘… some of them are very interested in understanding how it works’ (ID958, PV & 
STHW) 

‘Yes, if a particular group have come over to the flat and we say we have under-floor 
heating and part of it is solar powered, they say: ‘That’s pretty cool’. I think like, if 
anything, it’s made people possibly a bit, not jealous, but: ‘You’ve got some of your 
heating coming from solar thermal panels and it’s quite cool and modern and stuff’. 
I’m with the times.’ (ID833, STHW) 

2% 13% 
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How significant has 'an insufficient opportunity to discuss the LZC 
technology with other owners' been as an obstacle to improving the 

performance of LZC technology? (n = 114) 
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In initiating discussions and eliciting interest in the workings and performance of their 

technology, householders are effectively projecting images of the LZC technology-user 

association beyond the home. In other words, their experiences become packaged up and 

circulated amongst acquaintances, who in turn may be influenced by them or transfer them on 

to others. The information that householders put into circulation will be influenced by their 

understanding of the technology, which may be inaccurate.  For example, in the last quote, the 

householder believes the STHW system serves both her under-floor heating and hot water 

systems.  Conversations with others in her apartment block, however, support the more likely 

scenario that the STHW system serves solely the hot water system.  In such instances, 

householders do not act so much as ‘peer-to-peer ‘experience’ experts’ (Mlecnik, et al., 2012, 

p. 471) but more as peer-to-peer mis-informers.  

The extent to which occupants and their circulated experiences with LZC technology have led 

others to install similar technology was explored within both the survey and interviews. Only 

5% of those surveyed (n = 118) considered that seeing their technology had led others to 

install similar technology (Figure 9.5). This 5% constituted six householders, three of which had 

STHW systems, one an ASHP, one CHP (communal) and the other a form of communal heating 

(unspecified). It is considered unlikely that the last two could have promoted the installation of 

CHP or communal heating by others, as these are not individual technologies. However, in 

these instances, it might be that the respondents were indicating that their experiences have 

encouraged others to move into developments serviced by such communal heating systems. 

For the interviewees, there were no known instances where others had gone on to install the 

same technology as a result of their discussions. However, one interviewee was a member of a 

Council planning committee and he stated that, as a result of his positive experiences, he had 

influenced the Council’s adoption of more renewable energy projects: 

‘Certainly influencing the Council in [a particular county] to install more 
photovoltaics and, as a result of some of the schemes we’ve approved, we 
have some fields of photovoltaics.’ (ID826, STHW) 

This research, therefore, does not provide evidence that occupants of new homes fitted with 

LZC technology commonly serve as effective change agents in causing acquaintances to install 

such technology. This finding contrasts with that from studies on active installers of LZC 

technology, which were found to be effective change agents for others (Wilson & Dowlatabadi, 

2007). The influence of these change agents has been observed by Caird & Roy (2008, p.343), 

who found that 75% of 39 STHW-retrofitters stated that observing these systems in ‘friends’, 

relatives’ or neighbours’ homes’ had been a reason for adopting the technology. It is not 
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stated, however, whether the observed systems elsewhere were pre-fitted in new homes or 

adopted by active installers. The influence of such change agents may take some time to 

become evident, however, and many of those participating in this research were relative 

newcomers (72% had lived in their homes for two years or less (Section 5.6)).  

Others are not always interested in discussing LZC technology; five interviewees mentioned 

that persons spoken to have been disinterested or cynical: 

‘If I’m talking to someone, I’ll say it’s very good but not enough people are particularly 
interested in it.’ (ID273, STHW) 

‘… if you say to somebody that you have evacuated tubes, they say: ‘Ah, have you,’ 
and that’s it, because they have no idea what it’s about.’ (ID312, STHW) 

‘… none of my colleagues are interested in that.’ (ID817, ASHP) 

‘… some of them say solar panels in this country just doesn’t make sense at all.’ (ID958, 
PV & MVHR) 

 

 

Figure 9.5. The degree to which others install LZC technology 

One householder was known for his disinterest in environmental issues, so the presence of LZC 

technology in his new home was viewed with irony and amusement within his wider family: 

‘Well my sister thinks it’s a joke, she knows my view on it… My family thought that was 
hysterical. When I told them we had green technology – they thought I had just gone 
off the planet.’ (ID804, CHP, communal biomass & MVHR) 
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Where householders circulate their negative experiences with LZC technology, these 

communications may make others more wary of adopting or moving in with such systems: 

‘[Friends] are sympathetic because they know that we are in dispute with [the 
developer] about [the LZC technology], they know that we feel we have been mis-sold 
it. And I think it’s made them wary - one or two people we know may be considering 
buying a flat and it’s made them more aware of it.’ (ID786, CHP & communal biomass) 

For the 31% of interviewees who have not discussed their technology much or at all with 

others, reasons given relate to their own disinterest in, or lack of understanding of, the 

technology:  

‘… I don’t talk about it, it’s just a fact that it’s been there since installation, so I had 
nothing to do with its installation, so it’s not really of interest… Actually, to be honest, 
it wasn’t even a consideration when I bought the place.’ (ID829, STHW) 

‘My parents know we’ve got it. I mean they’ve been round. I think because the tiles 
are within the tiles of the roof, it’s not blatantly obvious, and it’s on the back of the 
house. So it is not something you would see or talk about… I’m sure we’ve mentioned 
that we’ve got it but we’ve not really known the benefits we’ve got from it.’ (ID928, 
STHW) 

So far, I have examined the degree to which LZC technology-users interact with and influence 

others. The research also considered whether others, beyond any given development, might 

have had an influence on how householders interacted with their technology.134 In all but two 

instances, the interviewees did not know others (beyond their neighbours) who had any 

experience of their technology that they could benefit from. Two interviewees, however, did 

have friends or family who helped them understand their technology: 

‘I said to … my son, I said: ‘I hope my hot water isn’t going up there and cooling down 
because it’s so cold outside,’ and he said: ‘No, it has a non-return valve, and it’s only 
when the temperature’s dropped down in the tank and the roof temperature is higher 
that it would go up.’’ (ID94, STHW) 

‘I have a friend that works for a design company, an interior design company, who sell 
this kind of heat pump. So when I moved into the house, [they explained how to] use it 
properly. So that also helped.’ (ID817, ASHP) 

As part of the survey, householders were asked whether demonstrating success to others 

outside of their household had constituted an incentive for them to improve their technology’s 

performance. As illustrated in Figure 9.6, only 4% of householders considered that 

demonstrating success to such others provided a very or extremely significant incentive, but a 

further 13% deemed it somewhat significant. 

                                                             
134 The influence of repair and maintenance persons is covered separately in Chapter 8. 
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The main findings from this section are summarised in Section 9.3.5. 

 

Figure 9.6. The significance of demonstrating success to others 

 

9.3.5 Conclusions 

The purpose of Section 9.3 was to examine the extent and nature of inter-household 

associations pertaining to LZC technology, which are encompassed by the conversion 

component of domestication. All the questions addressed relate to under-researched areas, 

and therefore the findings contribute to current understandings in this field. 

In Section 9.3.2, I established the extent to which households in a given development provide 

LZC technology-related support to each other. 29% of surveyed householders (n= 122) 

identified neighbours as a source of information on how to maximise the performance and 

benefits from their technology.  A larger proportion of interviewees (54%) stated that they had 

sought or received advice from other residents on how to operate, maintain or repair their 

technology, or had just discussed the technologies more generally. Such interactions, for 

example, occurred when newcomers turned to existing residents for assistance; when 

neighbours exchanged information on their experiences at social gatherings; when residents 

wanted to alert others to the potential for faults; and when working together to address 

widespread issues of concern. Interviewees who did not discuss their LZC technology with 

neighbours attributed this to there being no known faults with the technology or that there 

were a number of renting tenants, who were less likely to be interested in interacting or to be 

interested in the technology.  Other reasons given for non-interaction related to the design of 
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developments and the advanced age of residents, in one particular case. To the extent that LZC 

technology has exhibited agency in promoting new and enhanced associations between 

residents, or a greater sense of community, this research reveals that this agency stems, in 

most cases, from shared negative experiences.  

In Section 9.3.3, I established the extent to which Residents’ Associations and Management 

Committees played a role in facilitating the exchange of information and assisting with the 

formulation of neighbourhood norms in relation to LZC technology. The interviewees came 

from 19 different developments, eight of which had such an organisation, but in only three 

cases had the organisation played such a role. In each of these three developments, firstly, 

either all units were served by communal LZC technology or all had individual LZC installations 

and, secondly, there had been financial or technical concerns with the technology installed.  In 

other words, residents had technologies and concerns in common. Given that Residents’ 

Associations and Management Committees are comprised of residents (and those renting out 

their properties), it is perhaps not surprising that matters of common concern feed through 

into their activities. That is, the fact that they are common concerns legitimates their inclusion 

within the remit of the managing bodies. 

In Section 9.3.4, I addressed the question of whether householders had recommended their 

technology to others and whether these others proceeded to install LZC technology. I 

established that the extent to which interviewees discussed their technology with friends, the 

wider family or work colleagues was curtailed by their own and others’ disinterest and by their 

own lack of understanding. For survey participants, 15% thought that an insufficient 

opportunity to discuss their technology with other users (as opposed to non-users) had 

presented an obstacle to them improving their technology’s performance.  

69% of the 26 interviewees have discussed their technology with friends, the wider family or 

work colleagues; some of these conversations have just drawn attention to the presence of the 

technology but eight interviewees have recommended it to others or provided advice 

regarding it. As certain householders have gained experience of their technology, and where 

they have perceived that it is effective, they have gained confidence in recommending it. 

Indeed, 70% of those that have discussed the technology with others (n = 18) view the 

technology positively (for example, it provides a financial or environmental benefit or they are 

proud of it). There are also instances where householders have put into circulation their 

negative experiences of LZC technology, which has the potential to make others more wary of 



 

 

[219] 

 

adopting or moving in with such technology. Only 5% of survey participants135 considered that 

seeing their technology had led others to install similar technology. For the interviewees, there 

were no known instances of this occurring. However, one interviewee stated he has been able 

to influence a Council’s adoption of more renewable energy projects.  

Within this chapter, I have so far considered how householders talk about their technology, 

both within and beyond the home. In the remaining part of the chapter, I examine how 

householders view their technology. 

 

9.4 What meanings are ascribed to LZC technology?  

9.4.1 Introduction 

Within the technology studies version of domestication theory (Section 4.2), the meanings 

assigned to technology can potentially play a part in all domestication components, from 

appropriation of the home through to the processes of conversion. In this final section, I 

explore what meanings or attributes householders ascribe to their LZC technology, both on a 

day-to-day level and at a more abstract, symbolic level (Section 9.4.2). I also consider whether 

ascribed meanings are compatible with how technologies are functionally used (Section 9.4.3). 

The conclusions are presented in Section 9.4.4.  

Through the discussion, the following research question is addressed: what symbolic meanings 

do new home occupants attach to LZC technology and do these ascribed meanings effect how 

the technology is used. 

 

9.4.2 What meanings are ascribed to LZC technology? 

An indication of the day-to-day meanings or attributes assigned to LZC technology can be 

attained by reviewing what factors purportedly drive householders to improve their 

technology’s performance, whether these improvements are accomplished or not.  Within the 

survey, householders were asked to rate the significance of various factors, in terms of 

whether they incentivised them to improve the technology’s performance; the available five-

                                                             
135 Six out of 118 survey participants 
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point rating scale ranged from ‘not at all significant’ to ‘extremely significant’. The results 

(Figure 9.7136) provide an indication of what the technology means to householders. 

Reducing energy costs represents the most significant incentive for improving the technology’s 

performance, when considering surveyed households as a whole (Figure 9.7). These LZC 

technologies are primarily viewed, then, as vehicles through which reductions in household 

energy costs can be potentially achieved. At an individual level, 44% of surveyed householders 

rated ‘reducing energy costs’ as more of an incentive than ‘reducing CO2 emissions’, whilst 

only 8% of surveyed householders rated ‘reducing CO2 emissions’ as a more significant 

incentive than ‘reducing energy costs’; the remaining 48% equated the two in terms of their 

significance (whether high or low).  

 

Figure 9.7.  Significant incentives for improving the performance of LZC technology 

 

 

 

 

 

 

                                                             
136 Figure 9.7 only collates ratings marked as ‘extremely significant’ and ‘very significant’. 
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This summated order of priority is aligned with results from Munzinger et al.’s (2006) research 

on active PV-installers, where 74% stated that the prospect of saving money was the main 

reason for the installation, whereas 55% stated it was for the associated environmental 

benefits. Additionally, in Wrapson & Devine-Wright’s (2014, p.812) study on active installers of 

low carbon thermal technologies, the envisaged environmental benefits did not ‘appear to be 

a principal motivating factor’ in the purchase. These studies’ findings contrast with those from 

Caird et al.’s (2008) work, where active STHW-installers rated financial and environmental 

drivers for their installation as relatively equal in significance. The results then from these 

studies on active installers of PV and STHW systems are mixed in terms of the relative 

significance of financial and environmental drivers for the installations.  

In assessing the relative significance of the technology’s financial and environmental 

attributes, there are fewer studies published for those who do not actively install LZC 

technology but move into homes pre-fitted with such devices. In one relevant study of six 

householders who had moved into new homes fitted with STHW systems (BRE, 2008), it was 

found that those who had optimised their systems and obtained the highest solar fractions 

were incentivised by the potential for energy cost reductions. This research then contributes 

to the extant knowledge in this field. 

Figure 9.7 suggests that reducing demands on non-renewable fossil fuels is just slightly more 

significant an incentive than reducing CO2 emissions. This finding is compatible with research 

undertaken on occupants of low carbon housing by the NHBC Foundation (2012b, p.6), which 

found that there was greater concern regarding the ‘scarcity of resources, such as oil and gas, 

than for climate change’.  

The finding that surveyed householders (as a whole) view financial incentives to improving 

their technology’s performances as more significant than environmental incentives was also 

evident for the majority of interviewees:   

‘I’m quite happy with the technology because it’s saving me money, but I’m not too 
bothered by the fact that me not burning as much fuel is going to save the planet.’ 
(ID312, STHW) 

‘I’m very proud to have a functioning solar panel; I’m part of the green effort chaps. 
Because I think economically, it’s efficient. I am using free energy and I can prove it 
because my electrical bills are a lot less than they should be. (ID826, STHW) 

This last householder rated ‘reducing energy costs’ as an extremely significant incentive whilst 

‘reducing carbon dioxide emissions’ was rated as not very significant. 
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For another interviewee, the presence of a STHW system was a positive influence on her 

decision to buy her flat. When asked whether this was because she thought it would save her 

money or because she considered it was an environmental plus, she stated: 

‘We were hoping it would save us money in the long-run.’ (ID94, STHW)  

For other householders, financial and environmental incentives were of equal significance 

(whether high or low): 

‘It is a very green and clean technology, I think, it’s not just that it’s green in terms of 
you’re saving energy but that its very clean, it just sits there, it isn’t polluting anything 
in itself, it’s brilliant.’ (ID1030, STHW) 

Interviewees were also asked directly what the LZC technology symbolised to them. The 

symbolisms conveyed (as detailed in Appendix 10) were mainly positive, involving projected 

financial and/or environmental attributes. A couple of interviewees, however, stated that they 

either did not know what their technology symbolised to them or that they did not really view 

the technology as a symbol of anything, with one describing it as: ‘Just another household 

appliance, in effect’ (ID295, STHW). One interviewee viewed the technology simply as an ugly 

building element, whilst another considered that the communal LZC technologies imposed 

upon their development represented a form of social engineering, to which they strongly 

objected, in part due to the associated operating and maintenance costs being incurred. To 

conclude, for the majority of interviewees, the LZC technology symbolised something positive, 

whether in financial and/or environmental terms. However, this viewpoint was not universal, 

and there were a few neutral and dissenting voices to be heard. These findings demonstrate 

that the meanings assigned to LZC technology are not uniform and that there is considerable 

‘interpretative flexibility’ (Pinch & Bijker, 1989, p. 29) around these technologies. The research 

has also highlighted instances where meanings have changed as householders have come to 

appreciate the contribution that their LZC technology can make to meeting their energy 

demands (see Section 7.5.2, for example).  

 

9.4.3 Do ascribed meanings correlate with how technologies are (mis)used? 

In this section, I consider whether the meanings ascribed to LZC technologies correlate with 

how they are used in practise; that is, do the symbolic and functional ways in which LZC 

technology is domesticated correlate?  I address this question through evaluating five 

examples.  
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The first householder (ID155) had a STHW system and viewed it as a symbol of progress. He 

was incentivised to optimise the technology’s performance mainly by the possibility of 

reducing costs. He optimised the benefits gained by relying on the technology in summer-time 

and by self-maintaining and monitoring it, with the monitor for the system being accessible. 

This householder understood how the technology worked, as promoted by conversations with 

repair persons who had rectified several faults. For this first example, the ways in which the 

STHW installation was symbolised, understood and used were deemed compatible with each 

other.  

The second householder (ID833) also had a STHW system and viewed it as a first step towards 

a low carbon future. She stated she was incentivised to optimise the technology’s performance 

by the possibility of reducing energy costs and CO2 emissions, both rated as very significant 

incentives for her. However, she did not optimise the potential benefits from the technology, 

as her immersion was constantly on, year-round, and the system was unmaintained and 

unmonitored, with the monitor for the system being inaccessibly located. She acknowledged 

she had a poor understanding of the technology: ‘I don’t know what’s going on, what it’s 

doing.’ She presumed her system supplied both hot water and space heating, a scenario 

disputed by others interviewed in her apartment block. For this second householder, the ways 

in which the technology was symbolised and made use of were deemed incompatible. This was 

due, certainly in part, to a poor understanding of the technology.  

The third householder (ID424) evaluated had both a STHW and MVHR system. He viewed 

these as part of a low carbon future and he stated that he was incentivised to optimise the 

technologies’ performances mainly by the possibility of reducing energy costs. He did not, 

however, optimise the STHW system’s potential benefits, as he never relied solely on it 

(following the developer’s advice). With the MVHR system, he switched twice-yearly between 

winter and summer operating modes, but had not been advised that window opening could 

affect the system’s efficiency. There were no monitors for the technologies and neither had 

been maintained over his five year occupation. For this third householder, then, the ways in 

which the technologies were symbolised and utilised were deemed incompatible; this was due 

to a poor understanding of the technology.  

The fourth householder (ID295) had a STHW system but viewed it as just another household 

appliance and was only somewhat incentivised to optimise its performance, in order to reduce 

energy costs. He did not, however, optimise the technology’s potential benefits, as it had 

never been solely relied on, was not regularly monitored and had never been maintained in 
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four years, though had once been repaired. He acknowledged he had a poor understanding of 

the technology; he did not, for example, understand the monitor and was unclear as to 

whether the system provided hot water or electricity. His expectation of the amount of energy 

the system could contribute was set very low by the developer. For this fourth householder, 

the ways in which the technology was symbolised and made use of were quite compatible – it 

was viewed as just another household appliance and was not engaged with or optimised. 

There was a self-acknowledged, poor understanding of the technology.  

The final example constituted an interviewed couple (ID804) who had moved into a 

development served by three communal energy systems – CHP, gas boilers and communal 

biomass. They also had a MVHR system installed, which they partially disabled due to 

unacceptably high noise levels. They were primarily interested in buying an energy efficient 

home with low energy costs, as promoted by the developers. However, this expectation was 

unmet due to high operating and maintenance costs; all three communal systems needed to 

be serviced annually and the developer had underestimated the associated costs and the cost 

of the biomass that would be required. The requirement for three communal energy systems, 

assumed by them to be stipulated by the local authority, was deemed excessive and an 

unwelcome form of social engineering. Their understanding of the energy systems was 

confused as different parties were providing different accounts of what was happening with 

the systems’ commissioning and operation. For this fifth example, the way in which the 

technologies were symbolised as a form of unwelcome social engineering was in part a 

consequence of the householders’ unsatisfactory experiences over which they had minimal 

control. These included poor, inconsistent and misleading information flows from the 

developer, management company and others, and higher than expected energy costs. There is 

therefore a degree of consistency between the symbolism conveyed and the situation as 

experienced by these householders. 

Through these five examples, I have illustrated that the symbolic, cognitive and functional 

elements of the domestication process are not necessarily aligned for any particular 

householder, and varying degrees of disjuncture are evident (illustrative of an incomplete 

domestication process). So, the meanings ascribed to the technology are not necessarily 

realised through the ways in which the technology is operated and maintained; for example, a 

householder may view a LZC technology as a symbol of efficiency, but they themselves may 

unknowingly operate it inefficiently, due possibly to a lack of understanding (whether caused 

by misleading advice, a lack of information, or a lack of understandable or accessible feedback, 
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for example) or a defective system (whose performance may be sub-optimal due to a lack of 

maintenance or undetected faults, as discussed in Chapter 8). Such instances where 

householders are unknowingly operating technologies sub-optimally may continue for 

prolonged periods of time, which clearly has implications for the CO2 reductions that are going 

to be achieved by even those who are interested in the financial or environmental gains to be 

made. The finding that environmental committment alone is insufficient to yield 

improvements if accompanied by constraints such as inadequate information has been 

commented on by others such as Gram-Hanssen (2010), in the context of residential heat 

consumption in Denmark, and Gill et al. (2011), in the context of MVHR-users in the UK. 

 

9.4.4 Conclusions 

In Section 9.4, I explored how new home occupants view pre-installed LZC technology and 

what incentivises them to improve their technology’s performance. These findings extended 

current knowledge on this subject as previous studies have mainly been restricted to smaller 

scale studies or have focused on active installers. Reducing energy costs represents the most 

significant incentive for improving the performance of LZC technology, when considering 

surveyed households as a whole. At an individual level, 44% of surveyed householders rated 

‘reducing energy costs’ as more of an incentive than ‘reducing CO2 emissions’, whilst only 8% 

of surveyed householders rated ‘reducing CO2 emissions’ as a more significant incentive than 

‘reducing energy costs’; the remaining 48% equated the two in terms of their significance 

(whether high or low). For the majority of interviewees, the LZC technology symbolised 

something positive though there were a few neutral and dissenting voices to be heard. 

By working through five examples, I illustrated that the symbolic, cognitive and functional 

elements to the domestication process are not necessarily aligned for any particular 

householder, and varying degrees of disjuncture are evident; the meanings ascribed to a 

technology are not necessarily realised through the ways in which it is operated and 

maintained.  

In the last remaining chapter, I assemble the various findings from Chapters 6 to 9 to provide 

an account of, and explanation for, the domestication of LZC technology in new homes. 
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Chapter 10: Conclusions 

Domestication processes: pivotal events, determining configurations & 

influential feedback 

10.1 Introduction 

This research has assisted with bringing into the public realm elements of the everyday 

geographies of home (Brickell, 2012) that pertain to LZC technology. Within Chapters 6 to 9, I 

addressed the various research questions generated by the literature review in Chapters 3 and 

4. In this chapter, I draw together the research findings and generate a more integrated 

account of the domestication processes at play between LZC technologies and householders 

from a socio-technical perspective. In effect, I present a form of ‘socio-technical mapping’ 

(Rohracher, 2001, p. 144), identifying which entities are of relevance in influencing the setting 

under study. The research questions associated with the findings are shown in italics within 

the text. 

The discussion is presented firstly under the headings of the four domestication components: 

appropriation, objectification, incorporation and conversion (Silverstone, 2006; Lie & 

Sørensen, 1996) (Sections 10.2 to 10.5). These components are not viewed as rigid, sequential 

stages of a linear process, but as overlapping, contributory processes that provide a framework 

for analysing and representing the ways in which householders and technologies come to 

interact (Section 4.2). In Section 10.6, I reflect upon some of the main research findings in 

order to examine their consequences and the key contributions of the research are put 

forward.   

The planned householder support network did not materialise and Section 10.7 details how an 

engagement with the local authority emerged instead, who proceeded to adopt 

recommendations arising from the research. In Section 10.7, I crystallise out the factors that 

may have enabled this research to achieve relevance. Section 10.8 concludes with 

recommendations for action and future research. 
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10.2 Appropriation  

I start by drawing together the findings pertinent to the appropriation of LZC technologies. 

These cover the degree to which LZC technologies positively influence the home selection 

process; the level and content of verbal advice and written information received on moving in; 

and the passing on of information between successive occupants. 

LZC technology’s influence on the home selection process 

The research sought to determine the degree to which LZC technologies are actively 

appropriated in new dwellings. It was found that 39% of survey respondents (n=122) 

considered that their technology had positively contributed to their home’s selection (Section 

6.2). This group can therefore be considered as having actively appropriated the technology, 

signifying that the technologies’ benefits had been envisioned and the enrolment of the 

technology into the householder’s domestic life had begun. Here, drawing attention to the LZC 

technology during the sales/renting process enabled early, conscious associations with it to 

form; it also, I would suggest, sets it apart from other more mundane household features as 

something which warrants the householder’s attention, thereby contributing to the 

objectification of the technology at an early stage. 

Others (37%) were ambivalent about the agency of the technology in influencing their home’s 

selection; for a proportion of these, the potential for this agency to manifest itself was 

prevented by either the absence of information on the technology or the lack of attendance to 

any such information received. For this proportion of householders, the technology’s 

domestication did not have an opportunity to commence until after the property was 

occupied. I would suggest that not having had the technology drawn to their attention early 

on, could be later misinterpreted by some as signifying that the technology did not require 

their attention; in other words, the technology could, seemingly, be safely black-boxed.  

The remaining 24% of surveyed householders did not consider that the LZC technology 

positively influenced their home’s selection; that is, the technology had not been actively 

appropriated. For some of this group, there was no wish (or potentially ability) to be enrolled 

in anything but a minimal association with the technology, possibly because they were too 

entangled within other socio-technical networks centred within or beyond the home. Such a 

low level of association may adversely influence the technology’s performance where this is 

dependent, in its operation and maintenance, on enrolling the interests of householders.  



 

 

[228] 

 

Housing industry representatives: a need for re-inscription 

The research sought to determine what verbal instruction on LZC technology is provided on 

moving in. It was found that 42% of interviewees (n=26) did not receive any such verbal advice, 

whether from a housing industry representative or a previous occupant, and many of these 

wish that they had (Section 6.4). As previously suggested, not alluding to these technologies 

during conversations held could be interpreted by some as signifying that the technologies did 

not require their attention. The remaining 58% had received a home tour which referenced the 

technology and I established that these communications typically black-boxed the technology 

and configured the householders as passive users with a non-existent or minimal operational 

role. A significant proportion of these interviewees appeared initially shaped by this advice, 

which discouraged their enrolment (to any significant degree) into the technology’s socio-

technical network. Rather than instil householders with confidence in their ability to engage 

with LZC technology, such advice often did the opposite. A few interviewees, however, were 

sufficiently knowledgeable and confident to deviate early on from the non-interactive role 

advocated.  

The research also sought to establish what householders’ perceptions were of the written 

instructions provided for LZC technology. It was found that only 42% of surveyed householders 

deemed it to be sufficient (Section 6.3). Via the interviews, I further sub-divided this group 

(qualitatively) into three categories; the first had not consulted the information and, 

consequently, their views on its adequacy were not grounded in its readability or usefulness. 

The second category went on to describe the information as insufficient (sparsely written or 

complicated, for example) despite having initially stated that it was sufficient, but the third 

category of householder appears genuinely satisfied with the information, which has been 

read and has helped shape their association with the technology. 46% of surveyed 

householders stated that they considered the information provided to be insufficient (whether 

absent, incomprehensible or misrepresentative of actual arrangements, for example). 

By often providing inadequate verbal advice and written information, I would argue that 

housing industry representatives constitute an ineffective link in the wider socio-technical 

network that seeks to stimulate the generation of lower carbon energy in the domestic sector. 

I have highlighted how housing industry representatives contribute to the configuration 

(Woolgar, 1991) of LZC technology-householder associations and conclude that much of their 

contribution does not facilitate, and may actively hinder, the effectiveness of these. In Section 

3.4, I discussed how the work of ‘re-inscription’ (Akrich & Latour, 1992, p. 262) may target 
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entities that either impede the user from following the technology’s prescription or could 

encourage them to do so. For housing industry representatives, the work of re-inscription 

could centre on ensuring that LZC technology is drawn attention to early on in the 

sales/renting process; that the preferred ways of using and maintaining the technology, in 

order to maximise its benefits, are verbally explained and visually demonstrated; and that 

adequate written information on the technology is effectively transferred to householders.   

A loss of experiential knowledge  

The research sought to establish what knowledge departing residents imparted to new users of 

LZC technology. The four relevant cases encountered provided an early insight on this (Section 

6.5). These cases indicated that, firstly, written instructions should not be viewed as circulating 

entities that invariably pass between successive users and, secondly, experiential knowledge 

will not commonly be transferred. In the cases encountered, domestication processes 

recommenced from starting points where new occupants had equal or lower levels of 

information made available to them, compared to the previous occupants. From the 

technology’s perspective, the users to which they sequentially become associated are likely to 

become less informed by the written word. However, as established within Chapters 6 to 9, it 

is often not written information that shapes householders’ actions, but other aspects of the 

socio-technical network, such as the technology’s configuration within the home, the 

availability and accessibility of meaningful feedback on technological performances, 

conversations held with repair persons and neighbours, and other pivotal events. The presence 

of these other entities (and experiences) that exhibit agency may attenuate the adverse 

consequences that might otherwise be expected to arise from any decline in the level of 

information passed on. 

As established in Section 8.2, it is not uncommon for LZC technology to be faulty. When 

householders repair faulty technology prior to moving out, they may bequeath a less faulty 

installation compared to that which they first moved in with. On the other hand, nearly half of 

the interviewees never maintained their technology (Section 8.3) and may therefore bequeath 

a lower performing installation. Through this research, I have highlighted how the process of 

re-domestication of LZC technology will commence from a different starting point or set of 

socio-technical associations; for example, less information on the technology may be made 

available to the next occupant but the technology may have had its initial faults rectified.  
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10.3 Objectification 

In this next section, I collate the findings pertinent to the objectification component of 

domestication, which cover the physical placement of LZC technology within the home; its 

positioning within intra-household relationships; the meanings ascribed to LZC technology; the 

influence of repair processes on both technologies and householders; and, lastly, the extent to 

which involvement in the research process may lead to a re-objectification of the technology.  

Physical placement  

The research sought to establish how users were configured by the design, placement and 

settings of LZC technology, focusing on STHW, ASHP and MVHR systems (Section 7.3). Within 

new homes, the technology’s placement has been predetermined but may influence how the 

technology is domesticated (as Ghanem (2008) concluded from her research on PV systems in 

the UK).  

I found that the typically unobtrusive placement of STHW systems (including the constituent 

panels, tank, pipework and monitoring devices) influenced householders’ interactions in 

various ways. In apartment blocks and certain houses, panels were often situated out of view, 

limiting visual reminders of their presence. The hot water tank, pump and associated pipework 

were similarly placed out of view in a cupboard, sometimes behind shelves of linen (Section 

7.3). Where the multiple component parts were visible within these spaces, their profusion 

and seeming complexity sometimes instilled confusion and worry, acting so as to deter 

householder interaction. Airing cupboards are a typical location for conventional hot water 

tanks as well as those associated with STHW systems. This constancy of location reinforced a 

business-as-usual approach for some, who paid no more attention to this technology than they 

would a conventional boiler or immersion system. I established that the visibility of the 

feedback monitor within the airing cupboard (its typical location) had a determining effect 

(together with the intelligibility of the feedback) on the frequency with which feedback was 

sought, which in turn influenced the potential for householders to be shaped by such feedback 

(Section 7.4).  

STHW systems were provided in combination with conventional boilers and/or immersion 

systems. With respect to the settings for these combined systems, I partitioned householders 

into those that felt sufficiently confident to override initial settings (as pre-set possibly by the 

installer) and those that did not. For the latter group, a lack of understanding as to how the 
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systems worked in combination, together with seemingly complex programmers, led to the 

(unquestioning) adoption of pre-selected settings. This finding emphasises the importance of 

installers selecting appropriate initial settings for household energy systems, as these may 

determine their functioning long-term.  This finding supports the view that ‘individuals tend to 

go with the flow of pre-set options’ (Cabinet Office, 2011). 

Similar to STHW systems, MVHR units and their associated controls were typically sited in 

unfrequented places, which led householders to be configured as passive users of this 

technology (Section 7.3). I described how this ‘hands-off’ design approach, whilst potentially 

preventing unintentional tinkering, could backfire when someone moved into a home where 

the technology had either not been activated by the developer or had been deactivated by the 

previous occupant. In such situations, MVHR systems may remain dormant long-term. In 

contrast, locating operating controls in an accessible location, as observed in one case, 

resulted in an interactive technology-user association. I observed how the ‘hands-off’ design 

approach was also ineffective in preventing the reconfiguration or deactivation of installations 

deemed intolerably noisy. 

For STHW and MVHR systems, I established that the ways in which component parts had been 

positioned (in terms of accessibility) and the nature of their physical appearance (in terms of 

approachability, visibility and intelligibility) influenced the degree of householder interaction 

(which concurs with Ghanem’s (2008) research on PV technology). These technologies 

complemented, rather than replaced, conventional energy systems and therefore 

householders had a choice as to whether and how they interacted with them. I concluded that 

a greater consideration of the installations’ physical configuration and appearance is needed in 

order to effectively enrol householders into productive associations with these technology 

types.  

In contrast, ASHPs replace, rather than complement, conventional energy systems. So, for 

householders to achieve their desired thermal comfort levels, I observed that they paid 

attention to how the technology was operated (that is, they needed to form an effective 

association with it). With regards to the technology’s physical aspects, I found that the 

programmer was generally considered unapproachable due to its complexity or illegibility. 

Householders resorted instead to using the thermostat as the main control mechanism.  
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Intra-household responsibilities 

Objectification encompasses how technology is positioned within intra-household 

relationships and the research sought to establish whether LZC technologies slotted into 

existing gendered patterns of everyday life. I established that there was a distinct ‘gendered 

division of labour’ (Sætnan, 1996, p. 38) relating to LZC technology. In the joint households 

surveyed (n=80), the technology’s operation and maintenance was designated as the man’s 

responsibility in the majority (70%) of relevant cases but otherwise (with one exception) this 

responsibility was shared (Section 9.2.3). The predominantly male adoption of such 

responsibilities was also evident with interviewees, where it appeared to slot into existing 

gendered patterns of everyday life.  I also established that in 58% of these joint households 

surveyed, the man was stated as having the main responsibility for ensuring that day-to-day 

activities capitalised on the energy produced by the technology, with this responsibility being 

otherwise shared (Section 9.2.3).  

The gendered portrayal of the LZC technology-householder association that emerges from this 

research lends weight to the assertion that, certainly in this case, ‘the social relations of 

technology are gendered relations’ (Cockburn, 1992, p. 32). Interviewed men typically saw 

themselves as having a greater interest, ability and/or knowledge of these technologies, and 

this was sometimes linked to their greater declared focus on minimising energy costs that they 

were responsible for paying (Section 9.2.3). These technologies were certainly new to all the 

interviewees and probably new for the vast majority of survey respondents. Accordingly, these 

technologies would have been previously untested within each household, and therefore not 

previously ‘assigned gender characteristics’ (Sætnan, 1996, p. 37). Given the observed strength 

of the gendered division of responsibilities, I would suggest that, on moving in, these 

technologies automatically slotted in with, and thus reinforced, existing ‘gendered identities’ 

(Lie, 1996, p. 205). 

Ascribed meanings 

The objectification of technology is also constituted by the meanings ascribed to it and the 

research sought to reveal what symbolic meanings new home occupants attach to their LZC 

technology, and whether these ascribed meanings effect how the technology is used. I 

established that these technologies are predominantly viewed as a means of reducing energy 

costs (as opposed to reducing CO2 emissions, for example), which helps explain why 

householders become frustrated when they cannot quantify savings made (Section 7.4). For 
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the majority of interviewees, the LZC technology symbolised something positive, whether in 

financial or environmental terms, although there were a few neutral or dissenting voices to be 

heard (Section 9.4.2). Householders’ perceptions of LZC technology were open to change. For 

example, householders’ perceptions were shaped by their experiences with faulty installations 

(applicable to 58% of interviewees (Section 8.2.1)) in divergent ways, from making them more 

wary of the technology (in terms of its on-going reliability and future repair costs) to making 

them more comfortable (through an improved knowledge of what could go wrong and what 

they should do about it)137 (Section 8.2.2).  

I illustrated through a number of examples how the symbolic, cognitive and functional 

elements to the domestication process were not necessarily aligned for any particular 

householder, with varying degrees of disjuncture evident (Section 9.4.3). Here, the meanings 

ascribed to the technology were not necessarily realised through the ways in which the 

technology was operated and maintained. 

Re-objectification via the research process 

The last aspect of objectification considered encompasses the placement of LZC technology ‘in 

mental space’ (Laegran, 2005, p. 82) and how this process of thinking about the technologies 

was stimulated by the research. The research brought the technology temporarily into the 

foreground for participants, and a number of interviewees made reference to the impact that 

this had had on their association with their technology (Section 7.5.3). The interviews provided 

a dedicated time in which to think and talk about the technology at length, sometimes for the 

first time, and this enabled the basis of routines and their consequences to be questioned. The 

research process also encouraged certain householders to put aside the time and effort 

needed to find out more about their technology. Furthermore, through relaying how other 

interviewees were interacting with their technology, I facilitated a form of benchmarking 

which enabled householders to indirectly compare their behaviour and experiences to others 

and to establish what might be construed as better or best practice. For some, the heightened 

focus on the LZC technology as promoted by this research was deemed likely to prompt a 

further engagement with and understanding of the technology. I would argue that the 

research process itself could be viewed, in these cases, as a form of intervention which 

enabled a re-objectification and a greater level of incorporation of the technology to take 

                                                             
137 I also provided an account of how LZC technologies themselves were shaped in a number of ways by 
the processes of fault identification and repair, encompassing changes to their physicality, functionality, 
manageability, image, lifetime and reliability (Section 8.2.2). 
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place, as further discussed under the subject of ‘trials’ in Section 10.6.1. Patton (2002, p.405) 

attributes this shaping potential of interviews to the ‘reflexive’ processes that take place.  

 

10.4 Incorporation 

I now turn to the findings pertinent to the incorporation component of domestication, 

focusing on whether and in what ways LZC technology becomes incorporated into ‘the 

temporal patterns of domestic life’ (Silverstone, 2006, p. 235). Aspects covered include the 

extent to which householders seek an improved understanding of their technology; the ways 

in which the technology becomes incorporated into domestic life, particularly in relation to the 

maintenance and operating routines that emerge; engagement with feedback; and, lastly, 

learning from discontinuities and interventions.  

Seeking a better understanding  

The research sought to identify which sources of information householders refer to in order to 

improve their understandings of LZC technology. How the technology becomes incorporated 

into householders’ daily lives will reflect, to a degree, their knowledge of how the technology 

works and how it can potentially deteriorate or fail. It was found that 61% and 35% of 

surveyed householders (n=122) refer to the instruction manual and some form of home user 

guide respectively, and other notable information sources include installers, maintenance 

companies, neighbours, helplines and the internet (Section 7.2). Notably, 44% of surveyed 

householders obtained additional information from either the technology’s installer or a 

maintenance company. Based on discussions with interviewees and the high prevalence of 

faulty installations, I judge that such information is often conveyed during repair-work (Section 

8.2.1). The findings demonstrate the distributed nature of the formal and informal inscriptions 

that guide householders’ actions. 11% of surveyed householders, however, had never referred 

to any information source, despite half of these expressing an interest in their technology. 

Modes and degrees of incorporation 

The research sought to establish the degree to which LZC technology exhibits agency in 

everyday temporal affairs, as gauged by its incorporation into daily and periodic routines. I 

described the different ways in which technologies were incorporated, which involved changes 

to the timing of certain activities (to optimise the use of self-generated energy, for example 
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(Sections 7.4 and 9.2.3)); the periodic cessation of certain activities (such as when switching off 

conventional space heating and hot water systems (Section 7.4)); the lessening of other 

activities (such as minimising the opening of windows when there is a MVHR system operating 

(Section 7.4)); and the introduction of new routines (such as monitoring and maintaining the 

technology (Section 8.3.2) and engaging with informal and formal modes of feedback (Section 

7.4)). I highlighted that the extent to which technology was incorporated varied markedly for 

certain technology types, namely STHW and MVHR systems, which complemented rather than 

replaced conventional energy systems. As householders have a relatively free choice as to 

whether and how they interact with such complementary technology, it is arguably 

unsurprising that a wide range of interactions (and degrees of incorporation) prevail, as 

evidenced by this research.   

The prevailing range of LZC technology-householder associations was evident when it came to 

maintenance routines (Section 8.3.1). The research sought to establish the extent to which LZC 

technologies are maintained and what the underlying reasons for this are. I found that 46% of 

interviewees had never self-maintained their technology or had it proactively maintained by 

others, a situation influenced by the absence of maintenance guidance (or lack of reference to 

any such guidance); a lack of proactive contact from third parties, such as installers or 

manufacturers; the reinforcement of a non-maintenance stance by some repair persons; and a 

difficulty in arranging for servicing for those that had tried. The remaining 54% of interviewees 

had some monitoring and/or maintenance arrangements in place, but in half these cases this 

was arranged by a third party, such as a management company. The other seven interviewees 

had personally taken on responsibility for some degree of maintenance (or related monitoring) 

as influenced by knowledge gained from those repairing or servicing their technology (in four 

cases), their own professional experience, an instruction manual or the developer. I 

established that verbal advice has a significant shaping potential on whether householders 

maintain their technology, whereas the agency of written material was less evident.  

Furthermore, the research sought to identify what the wider benefits of maintenance processes 

are. I showed that, through maintenance routines, householders became more attentive to 

the technology and alert to changes with it (Section 8.3.2). Much technology will gradually 

deteriorate if left to its own devices; as evidenced by householders’ accounts in this research, 

fluids leak out, filters get blocked and parts cease to serve their function, for example. I 

illustrated how maintenance can impact on the physical integrity, lifetime and performance of 

LZC technology and how it thereby protects also against deteriorations in the technology’s 
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image, given that both the continued operation of underperforming technology and the 

occurrence of significant fault events may undermine users’ regard for their technology. 

Where users’ views are discussed with others outside the home, such conversations may 

additionally tarnish the image of the technology for others (Section 9.3). From a public 

relations perspective, then, I argued that effective maintenance of LZC technology can provide 

a ‘damage limitation’ service for this emergent energy sector where substandard and faulty 

installations are not uncommon, as evidenced by this research.  

The processes of maintenance result in the technology, as well as the householder, becoming 

connected to those providing maintenance support (unless all maintenance is undertaken by 

the householder). This enables knowledge of the technology’s status to be transmitted to 

others, potentially contributing to some form of feedback for installers and manufacturers, 

where these are involved. In this way, maintenance adds to the connectedness of LZC 

technology beyond the home, leading to its inclusion within wider networks of support. 

Operating routines and engagement with feedback 

The research sought to establish the extent to which feedback from LZC technology engages 

householders and shapes their actions (or modes of incorporation) (Section 7.4). Four 

technology types were researched in this context – STHW, MVHR, PV and ASHP systems. 

Turning first to STHW systems, I generated a five-point typology of user (Categories I to V, 

Table 7.1, Section 7.4) based on the frequency of interaction with feedback and the degree to 

which actions were subsequently shaped. In moving from Category V to I, householders 

exhibited an increasing level of interaction with their STHW system, and hence an increasing 

level of incorporation of the technology into daily routines. In the least interactive category 

(containing six out of the 15 relevant interviewees), householders rarely, if ever, checked the 

monitor, which was viewed as inaccessible or indecipherable, and always kept the 

conventional hot water system on. For most in this category, there was no evidence that the 

technology had been incorporated to any perceptible extent into the pattern of domestic life, 

as far as the operation of the technology (in combination with conventional heating systems) 

was concerned. However, I noted that this did not preclude such householders from talking 

positively about the technology with friends and therefore partaking in the conversion 

component of domestication. I concluded that the monitor’s accessibility and the feedback’s 

intelligibility influenced the frequency with which feedback was sought, which in turn 

influenced the potential for householders’ routines to be shaped by such feedback. 



 

 

[237] 

 

For MVHR systems, I generated a three-point typology of user (Categories I to III, Section 7.4) 

based on their perception of the sensory feedback experienced (thermal comfort, noise, air 

movements and/or air freshness), as then translated into actions or conscious inactions. Those 

in Category III re-configured or disconnected their installation to lessen or eradicate the noise 

nuisance experienced, preventing the technology’s effective incorporation into domestic life.  

For PV systems, I also generated a three-point typology of user (Categories I to III, Section 7.4) 

based on the frequency of interaction with feedback and the degree to which actions were 

subsequently shaped. I found that householders incorporate these technologies into their 

routines by regularly interacting with feedback devices, where available, and this can lead to a 

degree of load shifting in electricity consumption in order to increase the financial gains to be 

made. Flexible household routines and the availability of timers for household appliances were 

both seen to facilitate the ease and extent to which load shifting could occur.  

For ASHPs, there was no dedicated feedback device provided (Section 7.4). I observed how 

householders’ routines were shaped by the ASHP’s more limited space heating capabilities, as 

caused by its inherent design and the associated lower temperature of distributed water 

(Section 7.3). This forced a reconfiguration of the space heating patterns previously adopted 

by householders, such that the heating system became constantly left on, day and night, in 

order to attain customary day-time thermal comfort levels. As discussed in Section 10.3, an 

ASHP replaces, rather than complements, conventional energy systems and thus householders 

need to effectively incorporate it into their routines.  

I have established that the extent to which different LZC technology types are incorporated 

into household routines shows a noticeable degree of variation where the technology 

complements rather than replaces conventional heating systems. For the three 

complementary technologies researched in this context, the degree of incorporation was seen 

to be influenced by different factors. For STHW systems, the monitor’s accessibility and the 

feedback’s intelligibility were influential factors. For MVHR systems, the provision of a 

feedback device and unacceptable noise levels were influential factors. For PV systems, the 

flexibility of household routines and the incorporation of timers into the design of domestic 

appliances were influential. ASHPs were seen to be effectively incorporated as householders 

needed to operate them in a way that met their needs. 
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10.5 Conversion 

In this section, I draw together the findings pertinent to the conversion component of 

domestication, which covers the extent and nature of interactions between neighbours in the 

same development, and with those beyond the development. Conversion as it relates to 

communications between successive occupants of the same dwelling has been covered under 

the discussion on appropriation (Section 10.2). 

Interactions between neighbours 

The research sought to ascertain the extent to which households in a given development 

provide LZC technology-related support to each other. The research found that 29% of survey 

respondents (n=122) identified neighbours as a source of information on how to maximise the 

performance of and benefits from their technology (Section 9.3). A larger proportion of 

interviewees (54%) stated that they had sought or received advice from other residents on 

how to operate, maintain or repair their technology, or had just discussed the technology 

more generally with them. These conversion processes were often seen to serve some 

purpose beyond that of general social exchanges, such as assisting newcomers in getting to 

grips with their technology, alerting neighbours to faults discovered with installations 

elsewhere in the development, and working with neighbours to get unsatisfactory situations 

addressed. Neighbourly exchanges were sometimes seen to constitute a pivotal event (Section 

7.5), triggering changes in situations where residents concluded that their own technology was 

underperforming or that they were operating the technology sub-optimally.  

Oudshoorn & Pinch (2005) contend that through the conversion component of domestication, 

the technology and its use within the home contributes to the shaping of relations between 

users and others beyond the home. Of the 14 interviewees (54%) who had discussed their 

technology with neighbours, six considered that this had increased interactions between 

residents and/or increased the sense of community (Section 9.3). Five of these six residents 

lived in developments where there had been significant collective grievances regarding the 

installed technology due to faulty installations, nuisance issues and/or financial concerns.  So, 

to the extent that LZC technology has exhibited agency in promoting new and enhanced 

associations between residents or a greater sense of community, I found that this agency 

stems, in most cases, from shared negative experiences with the technology.  
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For those interviewees who had not discussed their technology with other users in their 

development, this was often attributed to there being no known faults with the technology or 

that there were a number of renting tenants, who were less likely to be interested in 

interacting or to be interested in the technology.  Other reasons given for non-interaction 

related to the design of the development and the advanced age of residents, in one particular 

case.  

The research sought to determine the role that Residents’ Associations play in facilitating 

information exchange and assisting with formulating neighbourhood norms, and found that 

they do not typically play such a role (Section 9.3.3). In only three of the eight developments 

that featured such an organisation, did it facilitate the exchange of information on installed 

technologies and thereby, potentially, contribute to the formation of neighbourhood norms 

pertaining to how these technologies were understood, operated and maintained. In each of 

these three developments, either all dwellings were served by communal LZC technologies or 

all had individual installations138 and, additionally, there had been financial or technical 

concerns with the technologies installed.  In other words, residents in these developments had 

technologies and concerns in common. 

Interactions between friends, the wider family and work colleagues 

The airing (or circulation) of personal meanings and experiences attached to specific 

technologies contributes to the on-going development of the perceptions and understandings 

that associated others come to have of these technologies (Hynes & Rommes, 2006). This may 

then influence the course of domestication processes followed by these others if they are or 

become users of the technology in question.  

The research sought to establish the extent to which new home occupants recommended their 

LZC technology to others and whether these others then proceeded to install technology. It was 

found that 69% of the 26 interviewees had discussed their technology with friends, the wider 

family or work colleagues; some of these conversations had just drawn attention to the 

presence of the technology but eight interviewees stated they had gone further and 

recommended it to others or provided advice regarding it. As certain householders gained 

experience of their technology, and where they perceived that it was effective, they gained 

confidence in recommending it to others. Indeed, 70% of those interviewees that discussed 

                                                             
138 In certain developments, only a proportion of homes had been fitted with LZC technology (Section 
5.6). 
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their technology with others139 viewed the technology positively. In terms of the impact of 

such conversations, only rarely did survey participants consider these had led others to install 

similar technology140 and for the interviewees, there were no known instances of this 

occurring. There were also cases where householders had put into circulation their negative 

experiences, which had the potential to make others more wary of adopting or moving in with 

any such technology.  

What then of the 31% of interviewees who had not discussed their LZC technology with 

friends, the wider family or work colleagues?  Here, engagement with the conversion 

component of domestication was found to be restricted, in part, by others’ disinterest and, in 

part, by the householders’ own view and understanding of the technology. Without some form 

of conversion, the processes of appropriation, objectification and incorporation and their 

outcomes remain hidden within the confines of the home. For this 31% of interviewees, then, 

the domestication processes relating to the LZC technology had had no ‘public consequence’ 

(Silverstone, Hirsch, & Morley, 1992, p. 26) and had not contributed to the potential 

development of future domestication trajectories elsewhere.  

 

10.6 Further reflections 

10.6.1 Learning opportunities for householders: discontinuities, interventions & 

conversations 

The research sought to reveal what trials (experiences, interactions or receipt of new 

knowledge) trigger householders to shift and re-stabilise their socio-technical relations as part 

of the on-going domestication process. At various points within this thesis, I have drawn 

attention to certain non-routine happenings (interventions), disruptions to household routines 

(discontinuities) and conversations that throw light on the LZC technology for the householder. 

I introduced the term pivotal event to describe instances where such moments caused a 

longer-term shift in the degree of incorporation and, potentially, a re-objectification of the 

technology, highlighting how ‘the everyday is formed in and through a series of events that are 

always potentially otherwise’ (Binnie, et al., 2007, p. 517). The interventions, discontinuities 

and conversations that emerged from the research as sometimes representing pivotal events 

included: shutting down and reopening the home around holidays; tending to faulty 

                                                             
139 14 out of 18 interviewees 
140 Six out of 118 survey participants 
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installations; neighbourly conversations and participating in the research process. The agency 

of these pivotal events illustrates, as highlighted by Binnie et al. (2007, p.517), the potentiality 

of ‘banal’ events. 

The potential impact that participating in the research might have on householders’ 

association with their technology was discussed in Section 10.3. The interviews (a form of 

intervention (Patton, 2002)) provided an opportunity to discuss and question existing routines 

and their consequences, and also to convey information derived from other technology-

householder associations encountered in the research.  For some householders, whose 

domestication of the technology had either been minimal or had become stagnated in a non-

optimum state, their participation in the research was thought likely to lead to greater degrees 

of interaction with the technology (Section 7.5.3).  A few interviewees, for example, thought 

that they would try relying on their STHW system for the first time, once the weather got 

warmer. They had not contemplated trialling the technology’s capabilities previously but were 

now planning to – the research had thus triggered them to plan a delayed trial. 

The process of shutting down and reopening the home around holidays constitutes a 

temporary discontinuity in normal routines. By forgetting to reactivate conventional hot water 

systems on returning from holiday, two interviewees (representing different households) 

became reliant on their STHW system for the first time, without initially appreciating this 

(Section 7.5.2). This enabled the technology to demonstrate its capabilities and this changed 

the householders’ expectations of it (an illustration of re-objectification). This, in turn, altered 

these householders’ routines, whereby the conventional hot water system was thereafter 

switched off when deemed feasible. In relationship terms, the technology-householder 

association evolved from a relatively disengaged state to a more dynamic engaged one, where 

the technology became more fully incorporated into household routines. These two 

householders had initially underestimated the technology’s potential contribution to meeting 

hot water requirements and they had never contemplated trialling it in this regard. The 

temporary discontinuity in routines brought about by holiday arrangements enabled, in effect, 

a delayed, unintentional trial to ensue. 

As discussed previously, when householders become aware of faulty LZC technology (through 

leaks, unusual noises, deteriorating performances or neighbourly conversations, for example), 

the subsequent processes of repair can lead to longer-term changes in how technologies are 

incorporated into domestic life. For a number of interviewees, the presence of repair persons 

in their homes enabled them to discuss their technology with a knowledgeable other for the 
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first time, which engendered an increased engagement with it through enhanced monitoring 

and maintenance activities and improved levels of understanding (Section 8.2.2). In these 

cases, attending to faulty installations led to influential conversations with repair persons, 

which could be considered as pivotal events. Conversations with repair specialists did not 

always promote further engagement with LZC technology, however; they were reported, on 

occasion, as promoting instead a disengaged stance.  

In this section, I have elaborated on Lehtonen’s (2003) concept of trials and introduced the 

notion of delayed trials, both intentional and unintentional. I have also introduced the concept 

of pivotal events to capture how shifts occur in the objectification of LZC technologies and in 

their incorporation into household routines. Delayed trials (through which the technology 

demonstrates its capabilities) and other pivotal events (that introduce knowledge through new 

or existing connections) are seen to trigger longer-term changes within technology-

househoulder associations. Thus, I would argue that the domestication of LZC technology 

should currently be viewed very much as an on-going process open to influence and change, 

comprised of periods of stability; moments of change arising from pivotal events; and then re-

stabilisation. In socio-technical terms, through discontinuities, interventions and influential 

conversations, new or altered associations are formed within the socio-technical network 

(such as with repair persons, neighbours or a more evidently capable technology) which have 

the potential to shift LZC technology-householder associations along the spectrum of 

domestication. 

 

10.6.2 Reflections on the wider socio-technical network  

The technology studies version of domestication theory expressly extends domestication 

processes beyond the home to consider the extent to which there is an institutional 

framework to ‘support and regulate’ the technology’s use (Sørensen, 2006, p. 47). In this 

thesis, I have demonstrated that there are various aspects of the wider socio-technical 

network (Section 3.2.2) that influence the development of LZC technology-householder 

associations. These involve housing industry representatives who liaise with prospective 

occupants of new homes; those involved in positioning and installing LZC technology; and the 

institutional framework available to support the technology’s operation, maintenance and 

repair. These aspects are considered in turn. 
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I have highlighted that, in a significant proportion of cases, housing industry representatives 

(involved in the sales/renting process) constituted an ineffective link in the wider socio-

technical network created to stimulate lower carbon energy generation, for a number of 

reasons. Firstly, these representatives did not always draw attention to the LZC technology 

during the marketing and sales/renting process, which could be later misconstrued by some 

householders as signifying that the technology did not require their attention (Section 6.2). 

Secondly, where these representatives did mention the technology, they often black-boxed it 

and configured the householders as passive users with a non-existent or minimal role (Section 

6.4); this discouraged certain householders from becoming enrolled (to any significant degree) 

in the technology’s operation and maintenance. Thirdly, in a proportion of instances, the 

representatives did not effectively transfer adequate written information from the 

technology’s manufacturer or installer onto the householder (Section 6.3). A large proportion 

of householders wanted more or better information and advice than they had received, not 

just on how the technology worked but on how to operate it (potentially alongside 

conventional energy systems) to maximise the benefits gained.  

I would also argue that those involved in positioning and installing LZC technology often 

constituted ineffective links in the wider socio-technical network. Firstly, as regards 

positioning, the ways in which the technology and its associated devices were embedded in 

the home sometimes hindered householders’ interactions with it. For STHW and MVHR 

systems, for example, the ways in which the component parts had been positioned 

(accessibility) and/or the nature of their physical appearance (approachability, visibility) 

influenced the degree to which householders interacted with these technologies (Section 7.3). 

For STHW systems, for example, the visibility of the feedback monitor was found to have a 

determining effect (together with the intelligibility of the feedback) on the frequency with 

which feedback was sought, which in turn influenced the potential for householders to be 

shaped by such feedback (Section 7.4). For technologies such as STHW and MVHR systems, 

which complement rather than replace conventional energy systems, householders have a 

choice as to whether and how they interact with the technology. Therefore, a greater 

consideration needs to be given to both the technology’s positioning and the provision of 

intelligible feedback on its performance in order to effectively enrol householders into 

productive associations. 

Secondly, as regards the integrity of the installations, the research sought to ascertain the 

prevalence and cause of faulty technology and how these faulty installations came to light 
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(Section 8.2.1). 58% of interviewees (n = 26) drew attention to faults experienced, with at least 

half of these moving in with faulty technology at the outset. Some promptly established 

installations were sub-standard, but others did not. The faults were attributed to causes such 

as the damage of parts during installation, the incorrect configuration of parts, the installation 

of incorrect parts and omitted parts. Predominantly, householders became aware of the faults 

themselves, but sometimes it was neighbours who drew attention to the likelihood of there 

being a fault and, in a couple of instances, manufacturers proactively replaced technology that 

was considered to be potentially faulty.  

The research sought to ascertain whether any on-going communication had been received by 

householders, or any feedback sought, in relation to the LZC technology. The research found 

that it was rare for householders to be proactively contacted by anyone in relation to their 

technology (Section 8.3.2). Generally absent from the wider socio-technical network were 

organisations that were proactively contacting and advising householders on how best to 

operate and maintain their technology; marketing maintenance and repair services; or seeking 

to establish whether the technology was functioning as intended141,142. In the small number of 

cases where interviewees were seeking to set up maintenance contracts, they experienced 

difficulty in finding interested organisations (Section 8.3.2). These findings highlight that there 

is an inadequate support framework in place for those that move in with LZC technology in 

new homes (whether it be from developers, installers, manufacturers, the local authority, 

Residents’ Associations or any other organisation) and there is scope for facilitating the 

domestication of LZC technologies further (through the work of ‘codomesticating mediators’ 

working at the practical, symbolic and cognitive levels (Berker, 2011, p. 266)). The lack of 

interaction between relevant organisations and householders and their technologies suggests 

a lack of reflexive governance (see Shove & Walker, 2010) at the local level. In summary, the 

institutional framework available to support householders in operating, maintaining and 

repairing their LZC technology is still, I would argue, at an embryonic stage. 

Back in 2007, Boardman (2007b, p.34) argued for the adoption of the Merton Rule, stating it 

would help ‘increase local authority involvement in and responsibility for the carbon emissions 

from their area.’  On the basis of this research, I would argue that any such involvement by the 

                                                             
141In two instances, household energy consumption and the indoor environment were being monitored 
by a university research team, but no advice had yet been received from them in relation to the LZC 
technology.  
142 In a couple of instances, an ASHP manufacturer had proactively replaced units that had been found 
to be faulty elsewhere. 
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relevant local authority has been restricted to ensuring proposed developments comply with 

the policy at the planning application stage. There is much more that could be done, as 

evidenced by this research, to promote the effective installation and domestication of these 

technologies. 

Through employing the technology studies version of domestication theory, this research has 

generated a description and, through this, an explanation of the state of LZC technology-

householder relations within the selected population. As described, the situation is a complex 

one with many shaping determinants (such as technological configurations, the processes of 

repair, interactions with feedback, levels of understanding, influential conversations and other 

pivotal events) and a range of outcomes, in terms of the nature of ensuing technology-

householder associations. What, then, do these differences in associations amount to? What 

are their ‘consequences from a normative perspective oriented toward change’? (Bakardjieva, 

2006, p. 71). One conclusion I draw is that the range of interactions observed between 

householders and their technologies, together with the high prevalence of faulty installations, 

signifies that the change envisaged and driven by policy-makers is only partially underway. In 

other words, the potential quantity of lower carbon energy that these technologies could be 

delivering (if the quality of the installation was faultless and the technology was operated143 

and maintained so as to optimise its performance) has yet to be realised in many cases. Given 

the current set of circumstances, then, I would maintain that domestic LZC technology should 

not (collectively) be considered as immutable mobiles suitable for the long-distance control of 

CO2 reductions.  

This research has illustrated how the use of the technology studies version of domestication 

theory can provide a useful framework for studying the ways in which the socio-technical 

relations between householders, LZC technology and other relevant entities come to be 

shaped. Following this approach has enabled insightful research results to be attained that 

have contributed to the existing knowledge-base in this emergent subject area.  

 

10.6.3 Key contributions 

Given the ‘technological and social complexity’ associated with the introduction of LZC 

technology at all scales, Walker & Cass (2007, p.467) have called for ‘a more differentiated 

socio-technical analysis’ of this emergent sector. This research has provided such an analysis 

                                                             
143 In combination with conventional energy systems, where appropriate. 
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for new homes pre-fitted with LZC technology. The main research findings have been discussed 

in Sections 10.2 to 10.6. In terms of contributing to current knowledge, I consider that the 

following are of particular note: 

 An improved appreciation of the degree to which LZC-technology in new homes is 

actively appropriated by householders during the sales/renting process; 

 A deeper understanding of how the (in)actions of housing industry representatives 

may not facilitate, and may actively hinder, the development of effective LZC 

technology-householder associations; 

 An early insight into the degree to which information on LZC technology transfers 

between successive occupants; 

 A broader understanding (covering several technology types) of how the ways in which 

LZC technology is physically embedded influences the extent and nature of 

householders’ interactions with it; 

 A substantive contribution in revealing the gendered nature of LZC technology-

householder associations; 

 A more nuanced understanding of the ways in which the processes of maintenance 

and repair shape both householders and LZC technology; 

 A more analytical evaluation of householders’ engagement with sensory and formal 

forms of feedback from LZC technology; 

 A substantive contribution in, firstly, describing the extent and nature of interactions 

between LZC technology-users within developments and, secondly, identifying the 

degree of involvement of Residents’ Associations and Management Committees in LZC 

technology-related matters; 

 The finding that the domestication of LZC technology should currently be viewed as an 

on-going process open to influence and change, comprised of periods of stability and 

changes arising from pivotal events (characterised by discontinuities, interventions and 

influential conversations); 

 An improved evidence base to support the view that the institutional framework 

available to support householders in operating, maintaining and repairing LZC 

technology is still at an embryonic stage. 

In addition to these contributions to current knowledge, the research’s contribution, relevance 

and impact has already been demonstrated in two ways. Firstly, as outlined in Section 10.7.1, 

recommendations arising from early research findings were promptly approved for adoption 
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by the local planning authority. Secondly, a research paper evaluating how the research came 

to have relevance for the local authority has been published in Area, one of the key academic 

journals within the geography discipline (Appendix 20).  

 

10.7 Policy impact of the research 

10.7.1 Engagement with the local authority 

As discussed in Section 5.4.3, the attempt to initiate a PAR project foundered. Instead, as 

detailed in this section, an alternative research trajectory emerged during the research’s third 

stage. 

Alongside arrangements for the householder exhibition, an additional exhibition was arranged 

in May 2012 for WBC, developers, architects, technology installers and interest groups. This 

exhibition was part of the planned engagement process with WBC and was also viewed as an 

opportunity to disseminate early results to other organisations, thereby extending the learning 

process. 

Details of potentially interested organisations had been amassed throughout the research and 

242 organisations were invited to attend (refer to Appendix 17 for the invitation and Appendix 

18 for the exhibited material). The Policy Planning Officer secured a Council meeting room for 

the exhibition. Via this arrangement, others (both internal and external to WBC) would 

possibly have perceived that WBC endorsed the research and I considered this an advantage 

when trying to gain the interest of others. The timing and location of the exhibition were also 

selected to enable WBC employees to easily attend during their lunch break.  

24 individuals attended the exhibition, representing different WBC departments (corporate 

strategy, policy planning and development control), other local authorities, developers, 

installers, an energy services company and a low carbon community group. I had numerous 

conversations with attendees in which we reflected upon the causes and consequences of the 

initial findings, but two turned out to be pivotal in triggering a changed research trajectory. 

The first conversation was with a member of the development control team, who was 

concerned about the issues raised, such as the lack of maintenance being undertaken on LZC 

technology (Section 8.3) and the inadequate level of information handed over to householders 

(Sections 6.3 and 6.4). He asked what my top five recommendations for action would be for 

WBC. During a separate conversation, the chairperson of WBC’s Climate Change Committee 
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Strategy group invited me to present the initial research findings at their next meeting, which 

opened up the opportunity to participate with key Council departments in reflecting more 

formally upon the findings. Given that I was allotted only a nominal 15 minute slot at this 

meeting, I felt there would be insufficient time to adequately present the findings. Instead, I 

decided to circulate upfront an electronic copy of all the exhibition posters and my 

recommendations for action (Table 10.1) to each committee member. I then concentrated 

during the meeting on discussing these recommendations.  

The meeting went well and, after an hour of discussion, the Committee decided to adopt the 

recommendations, which needed some working through in order to map out the Council 

actions required.  Although we had covered much of relevance, I was aware that the 

Committee was not in full possession of all the knowledge so far gained from the research and 

I wanted to ensure this was made available to them in their deliberations. I was subsequently 

involved with different groups of WBC staff (as arranged by WBC) in developing action plans144.  

One tangible outcome from my recommendations for action concerns the formulation of best 

practice guidance for the installation of LZC energy technologies in assisted living 

developments (as advocated under Item 2 in Table 10.1). I recommended that within such 

developments, LZC technologies should (i) serve only communal areas, and/or (ii) that the 

technologies be the responsibility of the management to operate and maintain, or (iii) that 

suitable support be provided to senior residents in relation to the technology. WBC have 

adopted this recommendation and incorporated it into their Climate Change Supplementary 

Planning Document (WBC, 2013b) (refer to Table 10.2). 

The change in the research trajectory, where involvement with WBC emerged, illustrates the 

research’s fluid nature in its third stage. In applying pressure for change, a researcher may 

need to follow paths of lesser resistance (engaging with those that are more receptive), in 

order to facilitate some tangible form of change in the time frame bounding a research 

project. The interventionist (Zuiderent-Jerak & Jensen, 2007) mode of engagement with WBC 

led to some tangible form of change, though this could not be viewed as a form of action 

research. In the interaction with WBC, setting the time frame for instigating action that could 

then be evaluated and refined was beyond my influence and extended beyond the finite time 

available for the research.  

                                                             
144 This form of engagement is in line with what Summerfield & Lowe (2012, p.399) term a ‘research 
translation’, where findings are interpreted for the benefit of policy-makers. 
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Table 10.2: Extract from WBC’s Climate Change Supplementary Planning Document (WBC, 
2013b, p.34) 
 

‘Sustainable Energy in Developments for the Elderly 

Applicants for developments intended for habitation by elderly residents, such as Assisted 
Living communities, should make special consideration for the ongoing management of any 
proposed LZC technologies. Points to consider include: 

 Ensuring any LZC technologies serve only communal areas (if technically feasible) so 
that individuals are not responsible for their upkeep and maintenance; and/or 

 Ensuring any LZC technologies are the responsibility of a facility management company 
to operate and maintain; and/or 

 Ensuring any LZC technologies are user-friendly (information and/or training might be 
provided to occupants to ensure they understand the technologies and whom to 
approach to report any faults). 
 

 

The observation that my engagement with WBC worked well raised the following question: 

what factors had enhanced the research’s relevance to WBC? This question is explored in 

Section 10.7.2.  

 

10.7.2 Achieving relevance 

In this section, I crystallise out the factors that may have enabled this research to be relevant 

to, and impact on, local policy (discussed further in Appendix 20). The initial framework 

employed explores these factors under three sub-headings derived from the extant research 

literature: pertinence, commitment and application. I then introduce the issue of 

trustworthiness as an additional sub-heading worthy of consideration. 

The meaning of relevance within human geography has received some attention (Dear, 1999; 

Pacione, 1999; Staeheli & Mitchell, 2005). Staeheli & Mitchell (2005, p.357) argue that what 

determines research’s relevance: 

‘cannot be separated from the questions of why research should be relevant, how 
research becomes relevant, the goals of research, and for whom it is intended to be 
relevant’ 

These authors build upon work by Dear (1999) in furthering the discussion on how pertinence, 

commitment and application contribute to relevance. I discuss this contribution in relation to 
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this research, filling out this framework by generating a more detailed evaluation of 

contributing factors.  

Firstly, does this research have pertinence? 

Pertinence is something which ‘has significance (however defined) for a particular time and 

place’ (Dear, 1999, p.144). This section explores the pertinence of the research by addressing 

issues relating to its significance, and the time and place at which it was undertaken.  

Significance: In deriving the salient ‘significance’ factors, the research features discussed 

centre on its connection to a major concern of our time (Staeheli & Mitchell, 2005) and to 

everyday experiences of new home occupants. 

The research contributes to climate change mitigation by studying how the use of LZC 

technologies can be improved. Where research is associated with a major issue such as climate 

change, the perception of its significance is enhanced by its topicality and by the contribution 

it can make.  WBC affirms that climate change is a priority issue for them and, as a Beacon 

Authority145, they are ‘leading the way’ (WBC, 2008, p.3). The research topic is therefore 

closely aligned with their priorities. 

The research is grounded in householders’ experiences with LZC technologies, and this focus is 

aligned with WBC’s commitment to engage residents on the topic of climate change (WBC, 

2008). This potentially adds significance to the research from WBC’s perspective as it may 

assist with policy undertakings previously made. Furthermore, the research has particular 

significance to WBC as it reveals deficiencies associated with their 10% LZC energy policy, 

thereby bringing ‘new issues to the table’ (Staeheli & Mitchell 2005, p.362). The research 

findings and the constructive framing of recommendations has the potential to drive 

improvements to policy implementation, enforcement and feedback.  

In summary, the four ‘significance’ factors proposed as contributing to the pertinence of the 

research are ‘topicality’ (selecting a research topic that relates to a major issue), ‘enabling’ 

(enabling the achievement of undertakings made by others), ‘revealing’ (revealing system 

deficiencies) and ‘constructive’ (framing research findings and recommendations to facilitate 

productive developments in systems) (Figure 10.1). 

                                                             

145 The Beacon Scheme recognises excellence in local government. 
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Time: In deriving the salient ‘time’ factors, the features discussed centre on regulatory 

changes, availability of research participants, the policy development cycle and early 

engagement. 

This research has taken place during a transformational period for the house-building sector 

(Section 2.3). Examining, as it does, a test-bed for the wide-spread introduction of LZC 

technologies into new homes, the research highlights issues other regions may encounter as 

tougher housing standards are introduced. As such, the research has the potential to impact 

on policy and processes beyond its locality.  

In assessing whether the borough of Woking presented a suitable research area, the time the 

10% LZC energy policy had been in place was key. With the fieldwork scheduled for 2012, this 

provided an adequate period of time after policy adoption (i.e. 7 years) for implementation 

issues to have emerged and for the number of new home occupants to be sufficient to form a 

basis for research. 

The timing of the research was also opportune in that WBC was at a receptive stage in their 

policy development cycle, at which they could more readily act on recommendations arising. 

WBC considered that certain research recommendations could potentially be addressed by 

inserting additional planning guidance into their emerging Climate Change Supplementary 

Planning Guidance (Section 10.7.1). Thus, the research’s timing was aligned with the policy 

development cycle, enabling particular recommendations to be implemented earlier than 

would otherwise be possible. 

The point at which potential users of research findings are engaged with may impact on the 

research’s relevance. Where engagement commences whilst findings are ‘fresh’, it may be 

easier to draw off aspects of the research which are of particular interest. In contrast, 

inundating potential users with findings that include much of irrelevance (from their 

perspective) may diminish the perceived relevance of the research to them. Additionally, once 

research findings are published, it may be harder for others to extract the most from them as 

details become omitted.  

In conclusion, the four ‘time’ factors proposed as contributing to the pertinence of the 

research are ‘predictive’ (undertaking research at a time when findings can predict effects of 

forthcoming widespread changes), ‘sufficiency’ (undertaking research once sufficient data on 

issues has emerged), ‘receptivity’ (undertaking research at a receptive point in the policy 
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development cycle) and ‘point of engagement’ (engaging early with potential users of the 

research) (Figure 10.1). 

Place: In deriving the ‘place’ factors that have contributed to the pertinence of the research, 

the features discussed centre on its borough-wide extent, the nature of the user of the 

research findings and the influence of key individuals and groups. 

Firstly, the research area was confined to a single borough, partly because it was anticipated 

that this would maximise the selected authority’s accountability for addressing any shortfalls 

highlighted. Secondly, selecting the specific jurisdiction of WBC was considered appropriate as 

they had received the Beacon Award for their sustainable energy approach on three occasions 

(WBC, 2010). As such, WBC had a reputation to maintain and this may have contributed to the 

pertinence of the research to them. 

The last ‘place’ factor concerns a chain of individuals and groups who helped secure the 

research’s relevance. The first is the planning policy officer who was the WBC-contact prior to 

the exhibition of research findings. From initial meetings, it was apparent that the research 

was recognised as providing a useful policy evaluation. This officer was instrumental in 

marshalling key WBC personnel to the exhibition and served as the initial ‘champion’ for the 

research. 

At the exhibition, the ‘baton’ of support was grasped by the chairperson of WBC’s Climate 

Change Working Group (Section 10.7.1). Subsequently, WBC adopted the recommendations 

and the ‘baton’ of support transferred to the wider membership of this Group. The continuous 

chain of advocacy from early engagement to adoption of recommendations is considered key 

to securing the research’s relevance. 

In conclusion, the three ‘place’ factors proposed as contributing to the pertinence of the 

research are ‘accountability’ (selecting a research area for which there is an accountable 

organisation), ‘reputation’ (selecting a research area where the accountable organisation has a 

reputation to uphold) and ‘advocacy’ (the presence of a continuous chain of advocacy to help 

secure the research’s relevance) (Figure 10.1). 
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Figure 10.1.  Factors contributing to the pertinence of the research 

 

Secondly, does this research show commitment? 

This next section turns to the notion of commitment: 

‘Agenda setting, contributing to concern issues, and contributing directly to the 
solution of some specific problem all require the making of commitments …’ (Staeheli 
& Mitchell, 2005, p. 363) 

For example, this commitment might manifest itself in the research questions posed or by 

enlisting others’ support to address research findings. In deriving the ‘commitment’ factors 

that have contributed to this research’s relevance, the features discussed centre on the role of 

moral frameworks in setting the research agenda and the role of motivation in achieving 

research objectives. In addition to the researcher’s commitment, that of the potential users of 

research findings is also considered.   

Commitment of the researcher: When a researcher is driven by their political commitment, 

their research will have personal relevance. In such instances, a researcher might experience a 
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greater impetus to ensure their research has relevance to others. Reflecting upon my 

commitment, it can be viewed as an environmental commitment operating at multiple levels. 

On a general level, I am driven to combat the adverse environmental impacts from human 

activities, and at the issue level, I wish to participate in climate change mitigation efforts. At 

the specific level of the research project, my motivation is to contribute to understandings of 

how LZC technologies are being used, and to how CO2 emission reductions can be enhanced. 

Thus, there may be multiple layers of commitment that underlie that manifested at the 

specific project level.  

A researcher’s commitment can influence not just the research approach but also the tenacity 

with which research is pursued and findings disseminated. When obstacles to progress 

emerge, having the commitment to deliver on the original intent of the research will promote 

the formulation of alternative trajectories that maintain the research’s relevance, as was the 

case in this research (Sections 5.4.3 and 10.7.1). Thus, the researcher’s commitment can have 

a pivotal influence at multiple stages.  

Commitment of others: The commitment of collaborators may also influence the research’s 

relevance. Here, there was early engagement with WBC, informing them of intentions and 

progress, and this may have heightened WBC’s perception of the research’s relevance to them 

and helped secure their engagement with the findings. 

In conclusion, the four ‘commitment’ factors proposed as contributing to the research’s 

relevance are ‘depth of commitment’ (multiple layers of commitment underlying that 

manifested at the project level), ‘tenacity’ (steadfast pursuit of research objectives and 

dissemination of findings), ‘informed adaptability’ (ability to adapt the research trajectory in 

response to changing circumstances) and ‘commitment to engage’ (early engagement with 

others to heighten their perception of the research’s relevance to them/commitment by 

others to engage with the research) (Figure 10.2).  

Thirdly, does this research have application? 

To achieve relevance, some consider that research has ‘to result in application or action’ 

(Staeheli & Mitchell, 2005, p.364). Accordingly, findings need to be expressed in meaningful 

and usable terms that will lead others to act. The generation of usable knowledge is facilitated 

by a clear conception of who eventual users might be but, as argued by Owens (2005, p.288), 

the upfront identification of potential users is not straightforward. Where envisaged users 

belong to a single category, research questions can be framed to maximise the usability of the 
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findings to them. Where various groups might be interested, questions are better framed to 

yield usable knowledge for multiple user types, employing ‘open’ as opposed to ‘targeted’ 

framing. 

In deriving the ‘application’ factors that have contributed to this research’s relevance, the 

features discussed centre on the framing of research questions, findings and 

recommendations; and the onward application of findings.  

It was envisaged that usable knowledge could be generated for a variety of groups; however, 

the interest that would be realised from these groups was initially unknown. As discussed in 

Section 10.7.1, it was representatives from WBC who expressed willingness to act on the 

findings and this led to a change of focus in the last fieldwork phase. To this extent, the 

research trajectory was responsive to the party that, firstly, recognised there was a ‘problem 

calling for a solution’ (Johnston & Plummer, 2005) and, secondly, was willing to take on the 

responsibility of working on that solution.  

It was always the intention to engage with WBC towards the end of the research in order to 

transfer findings to them. However, working with WBC whilst still in ‘fieldwork’ mode changed 

the nature and extent of this engagement to one of reflecting jointly on the findings and of 

thinking through how the recommendations could be operationalized. In extracting actionable 

findings, judgements were made on what was in WBC’s realm to address. I also prioritised 

what I considered to be the key recommendations from a local authority perspective (Table 

10.1). This stage in the research process illustrates how researchers can play a role in 

optimising their work’s application, not only by framing research findings but also by framing 

associated recommendations.  

In exploring the application of research, ascertaining how far the relevance of the research 

reaches may be appropriate. For example, if this research had been limited to householders 

with one uncommon form of technology installed (e.g. ground source heat pumps), the 

findings may have remained associated solely with this installation type. In contrast, if the 

research’s reach is considered extensive (e.g. it applies to all homes built with installed LZC 

technologies), then it may leverage greater impetus to act upon it as the consequences of 

doing so will affect a broader public. Thus, the incentive to act upon the research may be 

determined in part by its reach (in terms of the present and future number of ultimate 

‘beneficiaries’ (Staeheli & Mitchell, 2005, p.357) of improvements).   
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Figure 10.2.   Factors contributing to the overall relevance of the research 

 

In conclusion, the five ‘application’ factors proposed as contributing to the research’s 

relevance are ‘open framing’ (framing research questions to yield usable knowledge for 

multiple user types), ‘optimising reach’ (selecting research questions and research participants 

so as to optimise the research’s reach), ‘responsiveness’ (aligning the research trajectory in its 

last stage with the requirements of the party expressing the greatest interest in acting upon 

the findings), ‘enhancement’ (presenting research findings in a manner which enhances the 

research’s relevance for interested users) and ‘formulating recommendations’ (formulating 

prioritised recommendations for action for targeted groups) (Figure 10.2).  

What contribution does trustworthiness have to the relevance of research? 

One aspect of relevance that appears insufficiently covered by considerations of pertinence, 

commitment and application is that of trustworthiness. This last section considers the 

significance of trustworthiness in relation to this research’s relevance. 
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Firstly, the degree of trust in, or credibility of, a researcher is likely to affect whether others 

associate with the research and potentially lend their name to it, thereby endorsing its 

relevance. Credibility was partly attained through my affiliation to a university and through 

distributed materials and communication, but it was considered that an endorsement by WBC 

could promote a higher householder participation rate and thus this was requested. WBC 

agreed that I could state: ‘This survey has been undertaken using information supplied by 

WBC’. This semi-endorsement may have increased the research’s trustworthiness as perceived 

by would-be participants. 

Secondly, the degree to which a researcher is trusted may affect the value or relevance (or 

‘degree of confidence’ (Mountz & Walton-Roberts, 2006, p.268)) attached to the findings. The 

fact that the research process and myself as researcher were sufficiently trusted, helps 

account for the rapidity and extent to which research findings were disseminated through 

WBC. It also helps account for why I was asked to put forward recommendations. My 

experience of working in the sustainable building sector and with planning departments would 

have contributed to my trustworthiness as perceived by WBC. This experience afforded a good 

working knowledge of the sector which underpinned discussions on the research and also gave 

me confidence in formulating relevant recommendations.  

There was also an appreciation of how policy implementation can generate unintended effects 

that take time to emerge and be recognised as requiring corrective actions. Such an 

appreciation helps researchers avoid a purely critical approach to policy processes and instead 

pursue a constructive one, seeking to understand not only why the  unintended effects have 

arisen but also what changes could help prevent their continued occurrence. A constructive 

approach opens up possibilities for a more trusting dialogue with policy-makers as it signifies 

the researcher’s intention to assist. This concurs with the opinion that it is ‘easier to shift 

policy-makers’ views if criticism is constructive, that is accompanied with positive suggestions 

for improving or changing policy’ (Martin, 2001, p.200). 

In conclusion, the four ‘trustworthiness’ factors proposed as contributing to the research’s 

relevance are ‘credibility’ (attaining sufficient credibility through an affiliation to an academic 

establishment and via endorsement from relevant groups), ‘quality’ (generating material and 

communications that possess clarity and pertinence), ‘knowledge base’ (possessing a good 

working knowledge of the researched sector) and ‘a constructive approach’ (adopting an 

approach that assists rather than purely criticises) (Figure 10.2). 
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In summary, the discussion in this section has extended the extant relevance framework to 

incorporate trustworthiness. The range of factors proposed as contributing to this research’s 

relevance illustrates the ‘multi-faceted nature of relevance’ (Staeheli & Mitchell, 2005, p.368). 

 

10.8 Recommendations & further research 

10.8.1 Recommendations 

As made evident in this thesis, LZC technology-householder associations are influenced by a 

myriad of factors (including structural, technological, experiential, social and institutional ones) 

and their development should be currently viewed as an on-going process open to influence 

and change, where one conversation or experience, for instance, can shift householders from 

a technologically disengaged state to an engaged one. With this in mind, and with the desired 

outcome taken to be the optimisation of LZC technology, the research findings support 

focusing ameliorative measures on the aspects summarised in Table 10.3.  

These recommendations are applicable to various stakeholders, particularly policy-makers, 

regulators (such as building control inspectors) and housing industry representatives (such as 

architects, technology designers, technology installers, sales teams and renting agents). Many 

of these ameliorative measures would potentially entail enrolling additional entities into the 

setting or by attributing additional responsibilities to those already part of the wider socio-

technical network of relevance. 

 

10.8.2 Further research 

This research has focused on a cross-section of householders within a defined geographical 

area at a specific point in time. The main suggestion for further research would be to revisit 

the selected study area in the next few years to gain an appreciation of how the LZC 

technology-householder associations have developed.  The advantages of such a longitudinal 

survey would be to gain a greater understanding of: (1) how successive occupants of LZC 

technology-fitted homes re-domesticate the technologies, including an assessment of the level 

of written and verbal information handed over; (2) how the LZC technologies perform over a 

longer time period, including further information on faults that develop; (3) whether a greater  
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Renting/sales process 

Draw attention to LZC technology early on 

Provide informed verbal advice that educates and engages householders, covering how to get 
the most from the technology (for example, how to use the technology in combination with 
conventional energy systems and how to maintain the technology) 

Provide suitable written advice covering the same aspects 

Consider how the transfer of information between successive occupants of LZC technology-
fitted homes can be promoted. 

Embedding the technology within the home 

Reduce the high proportion of faulty installations currently observed 

Improve commissioning and inspection procedures to improve fault detection rates 

Incorporate controls and feedback devices (where possible) that are clearly readable, 
understandable, informative and placed in accessible, frequented spaces 

Reduce the potential for high noise levels from MVHR units 

Maintaining technologies 

Ensure service contracts are actively offered 

Contact householders soon after moving in to discuss how to monitor the performance of the 
technology and how to maintain it (either by themselves or using a third party)146 

Consider how to promote the effective educating role of repair persons 

Operating technologies 

Contact householders soon after moving in to ensure they know how to get the most out of 
their technology (in financial and possibly environmental terms) 

Repeat these sessions periodically to remind householders and also to capture newcomers147 

Promote interactions between householders to facilitate the exchange of experiential 
knowledge 

Table 10.3 Recommended ameliorative measures 

 

proportion of householders start to monitor and maintain their technologies; (4) whether the 

institutional framework available to support householders in operating, maintaining and 

repairing their LZC technology develops further; (5) whether the role of Residents’ Associations 

and Management Committees develops over time in relation to assisting householders with 

managing their technologies; and (6) whether technology-based interactions between 

householders within given developments increase in order to better address pertinent issues 

(such as repair and maintenance). 

                                                             
146 This recommendation is aligned with one from the NHBC Foundation (2011b, p.24), which advocated 
for ‘an examination of what new aftercare processes are needed for new, energy-efficient homes’.  
147 Such ‘reminder sessions’ have been advocated elsewhere (NHBC Foundation, 2011b, p. 9). 
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The other suggestion for future research involves focusing on extra care establishments and 

installed LZC technology. One of the developments researched was an extra care 

establishment where some very elderly flat owners were given no support in operating and 

maintaining their STHW systems. It would be worthwhile researching additional developments 

for the elderly to gain a better appreciation of the prevalence and range of approaches being 

adopted, and whether there is a best practice approach that should be promoted. 
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Appendix 1 – The rebound effect 

This appendix introduces the phenomenon known as the ‘rebound effect’ (Sorrell, 2009, p. 

1456; Jenkins, et al., 2011; Druckman, et al., 2011)). As discussed in Section 3.4, envisaged CO2 

reductions from the use of LZC technology may not transpire due to misuse, indifference to, or 

rejection of the technology, for example. Another scenario is one where technologies are 

made use of but, in the process, the expectations of users in relation to levels of energy service 

provision changes. Such a phenomenon was initially observed in studies on the installation of 

energy efficient technologies, where these installations were found to have the potential to 

lead to an increase in demand for energy consuming services, thereby reducing the potential 

energy (and cost) savings that could be derived from actions specifically taken to improve 

energy efficiency (Sorrell S. , 2009). An example of a direct rebound effect is a driver who 

replaces a car with a fuel-efficient model, only to take advantage of its cheaper running costs 

to drive further and more often. An indirect rebound effect is where the cost savings derived 

from improved efficiency levels in one energy service, lead to more money being ‘spent on 

other goods and services that also require energy to provide’ (Sorrell S. , 2009, p. 1457). 

Sorrell et al. (2009) undertook a review of studies reporting on the prevalence of direct 

rebound effects in households that had achieved cost savings through energy efficiency 

measures (such as achieving improved thermal performance of the building envelope through 

better insulation). The review estimated that the long-run direct rebound effect (within the 

OECD) for space heating was 10-30% and for other consumer energy services (such as lighting 

and water heating) was less than 20% (Sorrell, Dimitropoulos, & Somerville, 2009), with the 

effect being pronounced in low-income groups. Further research supports the association of a 

rebound effect with the introduction of domestic energy-efficiency measures (Nässén & 

Holmberg, 2009), and a wider, more recent, literature review concludes ‘that direct rebound 

effects for end-use consumer energy services typically erode 10-30% of projected energy 

savings’ in developed countries (Jenkins, et al., 2011, p. 27). 

An extensive householder survey (encompassing mixed-age properties) also found evidence 

for an envisaged indirect rebound effect, where most participants thought that they would 

spend any energy cost savings achieved (such as through energy efficiency measures 

undertaken) on new consumer goods or holidays that would effectively diminish the CO2 

reductions attained overall (NHBC Foundation, 2012). To summarise this point, the concept of 

rebound effects conflicts with any assumption that domestic energy efficient technologies can 
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be introduced without attendant implications for how household activities are undertaken 

(Wilhite H. , 2007).  

When considering rebound effects associated with LZC technology, a distinction may be made 

between active adopters of such technology (that is, active retrofitters and self-builders) and 

passive adopters (that is, occupants of new homes, and tenants whose landlords have 

retrofitted LZC technology). For passive adopters, the LZC technology may form part of the 

reason for purchasing or renting a property but, similarly, it may not have been of importance 

(as explored in Chapter 6).  The absence of any involvement in the technology selection 

process and the different levels of interest people have in reducing CO2 emissions, saving 

energy costs or generating their own energy, may influence whether there is a direct rebound 

effect or the opposite, or whether there are any indirect rebound effects. 

In Caird & Roy’s (2010) UK study of retrofitted GSHP and STHW systems, some householders 

reported rebound effects in the form of greater hot water consumption or longer heating 

periods. In earlier research involving 39 STHW-retrofitted households, 21% stated that their 

concern over hot water consumption had decreased and 8% acknowledged that they were 

actually using more hot water (Caird & Roy, 2008); this research, then, provides some evidence 

of a rebound effect with STHW retrofitters. 

A study on PV-retrofitters in Austria found evidence for a two-tier response; namely a direct 

rebound effect in households with a low electricity-consuming baseline, but a reduction in 

electricity consumption for those with a higher electricity-consuming baseline (Haas, et al., 

1999). For the retrospective installation of air-to-air heat pumps in Danish homes (replacing 

electric heating), an average 20% rebound effect estimated for space heating was partly 

attributed to improved comfort levels (30% maintained higher indoor temperatures) (Gram-

Hanssen, 2010) and this change was considered linked to the knowledge that heat pumps are 

less costly to run than direct electric heating. The introduction of a heat pump into the home 

also presented a latent ability to air-condition the dwellings in summer, a functionality made 

use of by 21% of those who knew their heat pump could be used for this purpose. This 

demonstrated a further rebound effect whereby additional energy-consuming activities had 

been catalysed by the presence of the heat pump due to its dual-functionality.  This 

exemplifies the potentially ‘catalytic properties of technology and the possibilities for change’ 

(Lie & Sørensen, 1996, p. 13) that they may help enable. 
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 Appendix 2 - Action research and participatory action research 

A2.1 An introduction to action research 

As introduced in Section 4.4, action research is a term used to describe research which adopts 

an ‘inquiry-in-action’ approach (Reason & Bradbury, 2006a, p. xxii) as opposed to a specific 

methodology. Simply described, action research consists of two stages. An initial diagnostic 

stage involves the analysis of a selected problem and the subsequent development of a 

hypothesis relating to how the problem can be addressed (Barton, Stephens, & Haslett, Action 

research, 2009). The second stage involves the testing and refinement of the hypothesis (via 

repeated cycles of inquiry) in the selected research setting, constituting a real-life experiment 

geared at enabling change to ameliorate the selected problem (Barton, Stephens, & Haslett, 

Action research, 2009). This second stage clearly differentiates action research from traditional 

scientific research, where the prime motivation of the research is to understand a situation but 

not to change it. The use of the action research approach within environmental research, for 

example, has become more pertinent as funding agencies increasingly require research to 

recommend and deliver change, in addition to the traditional role of identifying problems that 

need addressing (Helmfrid, Haden, & Ljung, 2008). Davies & Oreszczyn (2012), for example, 

advocate the use of action research to assist policy makers in their efforts to decarbonise the 

built environment (and also to assist the planners who implement these policies). They argue 

that action research is an approach that can be of use in helping policy makers and planners to 

design, monitor, learn from and amend as necessary the decarbonisation ‘experiment’ that has 

commenced (Davies & Oreszczyn, 2012, p. 83). 

In attempting to change real-life situations, which will vary across time and space, action 

research engages with heterogeneous ‘open’ systems (Barton, Stephens, & Haslett, 2009).  

Thus, unlike traditional scientific research, action research does not strive for the 

reproducibility of its results and this is not a measure of its robustness. 

To deliver the change that is the focus of any action research project will require the delivery 

of practical outcomes of relevance to the participants. Such outcomes, for example, may be 

comprised of practical knowledge of use to the participants (Reason & Bradbury, 2006b) which 

will enable them to enact the change desired. To promote the longevity of any change, 

practical knowledge needs to be supplemented with a depth of understanding as to the need 

for the change, ‘since action without reflection and understanding is blind’ (Reason & 

Bradbury, 2006b, p. 2). 
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Action research is applied to situations where a change is desirable from a given perspective, 

such as social or environmental justice within communities (Chalmers & Colvin, 2005) or 

addressing practical issues within organisations (Reason & Bradbury, 2006a). In deciding what 

changes are desirable to promote, the person(s) instigating the research, be it ‘’top-down’ 

policy research’ or ‘’bottom-up’ grassroots activist research’ (Pain, 2003, p. 651), will be driven 

by their own values and agendas. Thus, action research is a ‘strongly value-oriented’ approach 

(Reason & Bradbury, 2006a, p. xxii) which can adopt a variety of forms. The initial stage of this 

research, initiated by myself, represented an element of top-down, policy-related research. 

The intention was for subsequent research stages to be developed in partnership with 

research participants, representing research more akin to the bottom-up, grassroots activist 

mode. However, this did not take place, as discussed in Section 5.4. 

Within human geography148, Pain (2003) identifies three forms of action research: activist, 

participatory and policy-related, acknowledging that these modes of research ‘are not discrete 

but often overlap in practice’ (Pain, 2003, p. 651). It was intended that this research would 

employ elements of each of these three modes. Firstly, the research incorporated an activist 

element as it was my normative goals relating to climate change that set the overall direction 

for the research. Secondly, participatory action research (PAR) refers to the end of the action 

research spectrum of approaches where the focus is on fuller active participation by those 

involved in the research, which was sought in this research. Thirdly, the subject matter 

underpinning the research was policy-relevant, pertaining to both local government policy, 

which may require developers to install LZC technology in new homes (Section 2.4), and 

central government policy, which is now focusing on distributed energy generation (Section 

2.3). The use of participatory methods to establish the impact of policy implementation on 

‘those at the sharp end of policies’ is becoming more common (Pain, 2003, p. 654) and the 

initial plans for this research was aligned with this approach.  

A2.2 Action research approach 

In order to appreciate how the action research approach differs from that of traditional 

scientific research, it is useful first to provide an outline of the latter. Checkland and Holwell 

(1998, p.10) identify the three tenets of the scientific research method as ‘reductionism, 

repeatability and refutation’. Scientific knowledge is not an unvarying truth but an account of 

                                                             
148 More specifically, within social geography (Pain, 2003) 
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the ‘best-tested knowledge’ which holds for today but which may be refuted tomorrow 

(Checkland & Holwell, 1998, p. 10). Within traditional scientific research, experimental results 

that are repeatable (that is, consistent over time and across space) are viewed as knowledge 

and hypotheses are hence put forward to provide an explanation for these observed results. 

Until refuted by further experiments, these hypotheses equate to current scientific knowledge. 

Figure A2.1 illustrates the traditional hypothesis-testing approach to traditional science. 

 

Figure A2.2:  The hypothesis-testing research process of natural science (from Checkland and Holwell, 
1998) 

Action research, however, involves engaging with people, whose behaviours and attitudes at 

the individual, everyday level are likely to be unpredictable and complex. Explaining 

behaviours fully by reference to a closed set of variables is difficult and predicting future 

behaviour at the individual level cannot be exact. Given the changeable, complex nature of 

human behaviour (as influenced by an individual’s socio-technical relations), the traditional 

scientific notions of reductionism, repeatability and refutation are not deemed wholly 

applicable to action research (Checkland & Holwell, 1998). Instead, given action research’s 

focus on facilitating change, ‘the only certain object of research becomes the change process 

itself’ (Checkland & Holwell, 1998, p. 11). 

Figure A2.2 outlines the key parts to any form of research, where a framework of linked ideas 

(F) are activated or applied through a methodology (M) or mix of methods. These are then 

used to research an area of concern (A). This way of representing research is termed the FMA 

model (Checkland & Holwell, 1998).  When this model is applied to action research with its 
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focus on facilitating change, it is expected that, during the research process, changes will occur 

to one or more of the F, M and A elements. Checkland and Holwell (1998) consider it essential 

to declare up front what the initial elements of F149, M and A are to provide a baseline against 

which these emergent changes can be identified.   

 

Figure A2.3:  Elements relevant to any piece of research (from Checkland & Holwell, 1998) 

The action research cycle is depicted in Figures A2.3 and A2.4. As evident from both diagrams, 

reflection on the research process is a key component and it is the repeated cycles of action 

and reflection that can facilitate change in line with the project’s objectives.   At the end of 

each period of action, reflection on the success of the actions undertaken enables a sound 

judgement to be made on the next cycle of action, incorporating any lessons learnt. This may 

result in a continuation or refinement of existing actions or the introduction of a new tranche 

of measures. In this way, action research strives for incremental and considered change.  

Reflection will entail the use of the initial F and M elements to help in accounting for the 

existing situation, to guide the change process and to help account for the changes observed. 

At any stage, the researcher may consider it necessary to amend the initial F and M elements 

to better represent the given real-life situation. Successive appraisals of how well ideas based 

on the theory are enabling the project’s objectives to be met can be used to refine the theory, 

or refine how it is being interpreted and practically applied. In this way, knowledge generated 

                                                             
149 Note that more than one framework of ideas may be used at the same time within a research project 
(see Helmfrid, et al., 2008). 
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Figure A2.4:  The cycle of action research in human situations (from Checkland & Holwell, 1998) 

from the practical stages can be fed back into theory development and into improvements in 

how action research is conducted in the field (Gaventa & Cornwall, 2006).  

In addition to reflection taking place during research in the field, it continues once the 

researcher has withdrawn from this stage, enabling the overall learning from the active 

research stage to be distilled and recorded (Checkland & Holwell, 1998). This point is likely to 

occur once the fieldwork has generated sufficient learning that meets the aims and objectives 

of the project150.  

In instigating change, many action researchers are exhibiting a form of activism aligned with 

their own values. In discussing activism versus traditional academic research, it has been 

proposed that activism is present to a degree in all academic activity (Pain, 2003; Cameron & 

Hicks, 2013) and that there is ‘no  inevitable conflict’ between the roles of an activist and a 

traditional academic researcher (Pain, 2003, p. 253), a view supported by Maxey (1999). 

Maxey (1999) considers that the social world is a product of individuals’ everyday acts: from 

this perspective, everything we do and think has an impact on the form the social world takes, 

and Maxey (1999, p.201) views activism as ‘the process of reflecting and acting upon this 

condition’. He views every individual as an activist as each of us is ‘engaged in producing the 

                                                             
150 This learning may relate to any or all of the three elements: F, M and A (Checkland & Holwell, 1998). 
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world’ (p.201). The more an individual adopts a reflexive stance on the world around them, 

and their existing or potential role within it, the more they can harness and direct their ability 

to make worthwhile changes in the social matrix. What changes are deemed worthwhile to an 

individual will depend on their values and intentions. In Maxey’s (1999, p.201) words, ‘activism 

means doing as much as I can from where I am’. 

When attempting to make a positive change in the world aligned with their own aspirations, 

an action researcher is in the process trying to impose their normative goals on the research 

participants. In these situations, the researcher is exerting influence on the ‘production of 

knowledge’ (Kesby, 2007, p. 2816) and the direction of change. The participants, however, may 

not concur with the project’s objectives and may seek to gain something different from the 

research. So long as the participants’ goals for the project are broadly compatible and can be 

progressed towards in parallel or together, the art will be to design a flexible research 

trajectory that pays attention to each one of these goals and which facilitates change 

respective to each.   

 

A2.3 Participatory action research  

Introduction to participatory action research 

Participatory action research (PAR) refers to the end of the action research spectrum of 

approaches where the focus is on fuller active participation by those involved in the research. 

By actively engaging with a varied group of participants, PAR can harness and make use of the 

‘many ways of knowing’ (Chalmers & Colvin, 2005, p. 342) that are revealed. This notion 

resonates with the discussion in Section 4.2 on the merits of commencing an ANT analysis 

from multiple starting points. 

Much of the knowledge generated may be based on qualitative experiences but also of 

relevance may be knowledge derived from quantitative assessments of varying aspects of the 

situation under study (Chalmers & Colvin, 2005). Employing both qualitative and quantitative 

approaches can yield ‘multiple levels of analysis’ (Suarez-Balcazar, et al., 2004). Whilst 

quantitative data can measure the outcome of people’s behaviours (such as energy 

consumption), qualitative information derived from dialogue and narratives can assist with 

identifying the causes of these outcomes (Suarez-Balcazar, et al., 2004). 
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Table A2.2: Types of participatory research 

Modes of participation Involvement of local/researched 

people 

Relationship of research to 

people 

CO-OPTION Token representatives are 

chosen but there is no real input 

or power sharing 

ON 

COMPLIANCE Tasks are assigned with 

incentives but outsiders decide 

the agenda and direct the 

actions 

FOR 

CONSULTATION Local opinions are sought but 

outsiders analyse and decide on 

the best course of action 

FOR/WITH 

 

COOPERATION Local people work together with 

outsiders to determine priorities 

but responsibility remains with 

outsiders for directing the 

process 

WITH 

 

CO-LEARNING Local people and outsiders share 

their knowledge to create new 

understandings and they work 

together to form action plans 

with outside facilitation 

WITH/BY 

COLLECTIVE ACTION Local people set their own 

agenda and mobilize to carry it 

out in the absence of outside 

initiators and with or without 

outside facilitators 

BY 

(Ref: reproduced from Parkes & Panelli (2001), p.88) 
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Whether qualitative or quantitative, the mix of methods chosen to generate knowledge 

relating to a given situation should be appropriate (Pain, 2003). In this research, the majority 

of the knowledge generated initially will derive from a survey (qualitative questions & 

quantitative analysis of results) and interviews (qualitative questions).  

PAR can also be characterised by the degree of participation exhibited. Table A2.1 outlines the 

spectrum of possible modes, distinguishing between them based on the degree of involvement 

of participants in, firstly, determining what the priorities are for change and, secondly, in 

designing and implementing action plans to deliver this change (Parkes & Panelli, 2001). As 

summarised by Cameron (2007, p.209): 

‘There is no single correct academic research practice; rather, it is a matter of 
assessing the context and working in a way that best suits the group and the 
circumstances, and then managing the associated challenges.’ 

The mode of participation adopted may affect the type and success of the outcomes 

generated by the PAR process (Parkes & Panelli, 2001)151. The intention of this research was to 

aim for a co-operation or co-learning mode of participation, as defined in Table A2.1. However, 

it was appreciated that achieving either of these modes of participation would be difficult 

(Cameron, 2007) (as was the case, as described in Section 5.4) because the willingness and 

ability of participants to fully engage with the project was uncertain.  

 

The PAR approach: A revised FMA model  

The FMA model (Figure A2.3), as proposed by Checkland & Holwell (1998) and overviewed 

previously in this appendix, has been further developed by Helmfrid et al. (2008) to 

incorporate the following aspects of PAR, as illustrated in Figure A2.4: 

 the role of normative goals in research; 

 the varying role of the researcher; 

 the varying modes of participation of those involved in the research. 

Where a researcher designs and manages the research process to specifically further a 

normative goal (N) within an area of concern (A), the researcher can be viewed as an actor 

within the process. If, however, the normative goal is associated more with the research 

process itself (for example, if the objective is to enable the participants to achieve their own 

                                                             
151 This will in part be due to differing degrees of participant commitments to the actions decided upon 
(Parkes & Panelli, 2001). 
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goals, whatever they may be), then the researcher can be viewed as a facilitator within the 

process (Helmfrid, Haden, & Ljung, 2008). The role of actor and facilitator lie at two ends of a 

spectrum of roles which describe the part the researcher plays in relation to the type of 

normative goal being acted upon (Helmfrid, Haden, & Ljung, 2008). As explained in the next 

paragraph, I viewed myself as lying not at either end of the actor/facilitator spectrum, but 

adopting a hybrid position somewhere in between. 

At the personal level, I hold a strong normative goal in relation to acting on my concerns 

regarding climate change. At the level of the research project, this concern translated into the 

goal of helping to promote the optimal use of LZC technology such that the potential 

reductions in domestic CO2 emissions can be achieved. However, I did not hold specific 

detailed objectives relating to what improvements were necessary and how they should be 

enacted. Instead, ideas for change were to be generated from an evaluation of the existing 

situation as related by the participants’ shared experiences through the questionnaire survey 

(Phase 1 of the research, see Section 5.3), interviews (Phase 2) and follow-on interactions 

(Phase 3). The aim was for participants to be involved in this evaluation and therefore their 

own normative goals would have determined the changes to be promoted. Where participants 

exhibit a varied set of normative goals, Helmfrid et al. (2008) do not consider this to be 

necessarily a problem as long as enough consideration is given to accommodating any 

differences.  

In Figure A2.4, Helmfrid et al. (2008) distinguish between what they term interactive action 

research and extractive action research. Within the former, there are joint reflective stages 

between participants and researcher (entitled collaborative learning), which are an integral 

part of PAR modes that specifically promote learning by the participant (as in the ‘co-learning’ 

mode summarised in Table A2.1, for example). Within extractive action research, the reflective 

stages are not held with the participants but within the academic community and thus ‘the 

main flow of information is from the participants to the academic community’ (Helmfrid, 

Haden, & Ljung, 2008, p. 120) (as in the ‘compliance’ mode summarised in Table A2.1, for 

example). Chiu (2006, p.188) advocates that the reflective stage should include considerations 

of the ‘interactions between the researcher and the participants’ as this ‘is likely to illuminate 

how changes occur.’ This resonates with the discussion on ANT in Section 4.2, where the key 

role of the researcher was also highlighted (Ruming, 2009). 

In certain situations, existing communities identify issues that need resolving and perceive the 

need for an action research approach, leading to the enrolment of a researcher to facilitate the 
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research (Helmfrid, Haden, & Ljung, 2008). The researcher, thus engaged, acts as a form of 

consultant. This situation contrasts with those researchers who perceive the need for the 

research based on their own experience or knowledge and subsequently conduct a field study 

within a selected community (Helmfrid, Haden, & Ljung, 2008).   

 

Figure A2.4: FMA model amended to incorporate normative goals (N), process competence (P) and 

interactive/extractive approaches (from Helmfrid et al., 2008) 

This research is in line with the field study approach, as the need for the research emanates 

from my own reading of the relevant literature. However, before commencing on the PAR 

phase of the research, householders with LZC technologies were surveyed and interviewed. 

The information thus extracted was fed back to the research participants at the onset of the 

intended PAR stage, providing a summary of the existing situation which was to help form the 

basis for initial joint reflection. The use of a traditional research method (in the form of a 

questionnaire and interviews) to help inform the early stages of the PAR process, including the 

refinement of the framework of ideas used to guide the research, is illustrated by the outer 

loop in Figure A2.5 (Helmfrid, Haden, & Ljung, 2008). 
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Researcher as facilitator of the PAR process 

As a facilitator for the collaborative learning that takes place within a PAR approach, the 

researcher should ensure that they are sufficiently prepared for this task. This preparedness 

will result partly from a sound knowledge of the subject that forms the focus of the research, 

but will also be dependent on the level of skills the researcher has in facilitating change. 

Helmfrid et al. (2008, p.121) have used the term ‘process competence’ to encapsulate the 

researcher’s ability in this regard (refer to Figure A2.5 where process competence is denoted 

by ‘P’ within the figurine of the researcher). 

 

 

Figure A2.5:  The complete model, with the addition of traditional scientific research (from Helmfrid et 

al., 2008) 

The initial stage of PAR involves the sharing of experiences and discussions that relate to the 

area of concern. Techniques that may assist participants in bringing forth relevant information 

include one-to-one interviews and less structured dialogue, learning histories (see Reason, et 

al., 2010), timelines (Pain, 2004), diaries and photographs. Within the reflexive stages, group-

based interactions may dominate (as in general meetings and focus groups). In this research, 

the selection of techniques to be used was left flexible and was to be determined in part by 
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the number of householders interested in participating, but key techniques were considered to 

be interviews and group meetings.  

 

Characterising the community 

In characterising the community at whom the research project was targeted, it should be 

noted that the term ‘community’ has ‘numerous sociological and non-sociological meanings’ 

(Peters & Jackson, 2008, p. 5). For example, a community can be comprised of individuals who 

have something in common, such as an ideology (Seyfang & Smith, 2007), types of work, 

activities or ownership of specific items, or who share a geographical identity (Peters & 

Jackson, 2008). The former are often referred to as ‘communities of interest’ and the latter as 

‘communities of place’ (Peters & Jackson, 2008, p. 5). In defining the parameters that will set 

the boundary for the community, it is necessary to identify what distinguishes the intended 

target group from others (Peters & Jackson, 2008), ensuring that the target group selected is 

compatible with the overall research objectives set. 

The community that is the target group for this research is a sub-set created by the overlap 

between a wider community of place (i.e. those residing in the borough of Woking) and a 

community of interest (i.e. those with LZC technology installed at time of their home’s 

construction in and after 2006). This delineation of the target research group excludes those 

who have actively and voluntarily retrofitted their homes with LZC technology. Such 

households have exhibited clear pro-environmental behaviour (whether driven by economic or 

environmental reasons), whereas those moving into homes with such technologies already 

installed would be expected to be more representative of the wider population.  

It was not expected that those households that made up the target group (representing 

developments across the selected borough) would have extensive social ties to each other, 

although a degree of association between neighbours within any given development was 

expected.  One of the research objectives was to connect up these potential members, thus 

helping to create the community as previously defined. The emergence of a community relies 

in part upon the creation of new relationships between people and between people and non-

human forms (Reason, et al., 2010), such as the meeting places and sources of information 

used. The community may also experience changes in existing relationships (such as that 

between householders and their LZC technology).  
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Using the notion that our identities are ‘relational and performative’ (Maxey I. , 1999), the 

participation of individuals in PAR will impact on their self-identities and how others identify 

with them. PAR can be viewed, then, as a vehicle for destabilising aspects of existing identities 

and for helping to influence the direction in which these aspects of identity re-stabilise. In 

recognising that the world is the product of a ‘continuous process of co-creation’ (Reason, et 

al., 2010, p. 97), the PAR process helps shape this continuous process through the emergence 

of new connections. 

The creation of new and altered relationships may impact on an individual’s ability and drive to 

make changes in their everyday lives. Whether this development in the individual can be 

ascribed to knowledge gained, changes in social and personal norms (see Peters & Jackson, 

2008) or in a heightened belief in the efficacy of their own actions, for example, the result may 

be the empowerment of the PAR participant. This link between ‘empowerment and relational 

processes’ (Maguire, 2006, p. 64) is one made by a number of researchers in the field of PAR 

(such as Kesby, 2007).  

 

A2.4 Selection of theory/framework of ideas 

There are a range of viewpoints as to how theory should guide action research and Dick et al. 

(2009) outline how it can do so in two ways. Firstly, they refer to ‘content theory’ which 

enables ‘participants to clarify and describe the dynamics of the issues that are the focus of 

their research’ and secondly ‘methodological theory’ which enable ‘participants to stengthen 

their processes of inquiry’ (Dick, Stringer, & Huxham, 2009, p. 8). In this research, ANT and 

domestication theory (discussed in Sections 4.2 and 4.3 respectively) were the selected 

approaches used to:  

 help formulate the initial questionnaire and interview questions; 

 structure and assist with the analysis of the research data obtained; and, potentially, 

 help guide appropriate interventions to improve LZC technology-householder 

relations. 

In terms of content theory and methodological theory, domestication theory might possibly be 

described more as the former with ANT more aligned with the latter description. 
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A2.5 Summary 

This appendix has provided an account of the action research approach and has set out how 

this mode of research was to be applied in the context of this study. Chapter 5 details the 

practical aspects of how the research was actually conducted and provides an account of the 

determining factors that contributed to the shaping of the research trajectory in practice. 
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Appendix 3 – Variation in sustainable energy targets applied to new 

developments 

In 2011, as mentioned in Section 5.3, the scale of the housing development at which any 

sustainable energy target became applicable varied between planning authorities within 

Berkshire and Surrey in the following ways: 

 certain planning authorities applied the target to all domestic developments, from one 

building unit and above:  

o e.g. Runnymede Borough Council, Woking Borough Council; 

 certain planning authorities applied the target only when a specified minimum 

number of houses were built as part of a development:  

o e.g. Reading Borough Council’s threshold was 10 dwellings whilst that at 

Surrey Heath Borough Council was 5 dwellings; 

 certain authorities had different tiers of targets that applied to different scales of 

development (based on the number of units or total floor space) 

o e.g. At Bracknell Forest Council, Tier 1 applied to 1 to 4 dwellings and was 

comprised of a 10% target relating to predicted energy requirements; there 

was no CO2 reduction target. Tier 2 applied to developments of 5 or more 

dwellings or a total floor area greater than 500 m2; the target was comprised 

of both a 10% reduction target in CO2 emissions and a 20% target with respect 

to predicted energy requirements. 

 

Clearly, the proportion of new housing that needed to comply with sustainable energy targets 

varied between authorities. Research on what factors caused the observed variance in this 

type of policy appears absent from the academic literature. Sovacool et al. (2009, p.320) 

comment that ‘decentralising environmental decision making to local communities provides 

for inter-jurisdictional competition that can maximise environmental policy.’ This idea raises 

the question of whether certain local authorities (who applied the target to all new dwellings 

at the onset) had wanted to gain recognition for their stringent approach. 
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Appendix 5 – The acquiescence response set 

The survey responses for Section C of the questionnaire have been collated in Figure A5.1 to 

help determine whether there is evidence of the ‘acquiescence response set’ (Converse & 

Presser, 1986, p. 38) as introduced previously in Section 5.3. For five of the Section C 

statements, the peak response is ‘Agree’, whilst that for the remaining four is either ‘Neither 

agree or disagree’ or ‘Disagree’. Given the spread of the peak responses and the variable 

shape of the response set for the nine questions, it is not considered there is any clear 

evidence of any ‘acquiesence response set’ influencing the questionnaire results, nor any 

propensity for participants to avoid answering the question by selecting the ‘Neither agree or 

disagree’ option (Fink, 1995). 

 

 

Figure A5.1.  Responses to specific questionnaire statements (Section C: C1 to C9) 
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Appendix 7 – Interview topics (tailored) 

Optimising low to zero carbon technologies in new homes 

Interview between Lise Andreassen and XXX & partner (have PV & STHW systems) 

Date:  3.30pm on Saturday, 25th February  Venue:  XXX, Woking 

 

Interview topics 

1. How has the use of the solar thermal/PV technology been incorporated into your 

daily routines?  

2. What feedback information on the performance of the solar thermal/PV 

technology is available to you?  

3. What degree of control do you feel you have over the solar thermal/PV 

technology?  

4. Is maintenance/servicing of the solar thermal/PV technology carried out in 

accordance with the manufacturer’s instructions or other source of information? 

5. What is the level and distribution of involvement amongst household members?  

6. Has the presence of the solar thermal/PV energy technology resulted in you 

being perceived differently by others (e.g. as a trusted source of information on 

the technology)? 

7. Has the presence of the solar thermal/PV energy technology in the home caused 

you to behave or think differently to before?  

8. What degree of communication in the home is there concerning the technology? 

9. What structural aspects in the home, & interactions with other items, influence 

the way in which the solar thermal/PV technology is used?   

10. Has any organisation proactively made contact with you in relation to your solar 

thermal/PV technology (e.g. maintenance companies)? 

11. How is the solar thermal/PV technology perceived?  
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12. Technology specific details. 

13. Would you appreciate assistance/ information/ training/ support in relation to 

your solar thermal/PV technology? 
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Appendix 8 – Interview questions (tailored) 

Interview questions – Tailored for XXX 

Signing consent form/refreshments (3.30pm) 
  

1. How has the use of the solar thermal/PV technology been incorporated into your 

daily routines? (3.35pm) 

 What steps did you take to initially integrate the technology into your 

household routines?  

 What new routines and habits has the technology led to? What were the steps 

involved in this?  

o any evidence of load shifting? (matching up demand profile with 

generation profile) – if so, how was this brought about?  

o are appliances cold fill?  

- Is incentive to make use of generated electricity? What is the 

difference between p/kWh for imported, exported & generated 

electricity? Do they benefit from the FIT?  

- Any change in times of showers/baths? 

 How much of what you do in relation to the LZC technology has become habit, 

and how much is still consciously thought out?  

 What seasonal variations are there in your behaviour/routines in relation to 

the LZC technology?  
 

2. What feedback information on the performance of the solar thermal/PV 

technology is available to you (e.g. via meters/monitors)? (3.40pm) 

 In which room or space is the meter/monitor located?  

 Is this an accessible, well-used location? 

 How often is the meter/monitor checked? 

 Do you intentionally seek out the monitor or look in passing?  

 How evident is it that the LZC technology is switched on and working 

effectively? (e.g. trickling noise) 

 Has any evaluation of the LZC technology been carried out by the housing 

developer or Council (e.g. building inspector)?  

 Are there any improvements in the feedback of information that you would 

like to see? 
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3. What degree of control do you feel you have over the LZC technology? 

(3.45pm) 

 Where is the LZC technology and associated equipment located?  

 Do the available controls (e.g. timers) help you to optimise the technology? 

E.g. are they accessible and easy to use? Possibly optimise indirectly via 

controls on gas boiler. 

 Do you follow the guidance on operating the LZC technology as given within 

the user manual or other source of information? – Ask to complete page 1 of 

questionnaire 

 Have you made any changes to the LZC energy technology and ancillary 

equipment?  

 Have you set yourself any goals with respect to your LZC energy technology? 

 Have there been any evident changes to the incentives and obstacles to 

improving the existing levels of performance of the LZC technology since 

moving into the home?  

 How satisfied are you with your LZC energy technology?  

 Are there any inconveniences experienced as a result of the technology?  

 How could your degree of control over the technology be improved 

(realistically and ideally)? 

 

 

4. Is maintenance/servicing of the LZC technology carried out in accordance with 

the manufacturer’s instructions or other source of information? (3.50pm) 

 W.r.t. frequency and scope? 

 Who carries out the maintenance/servicing?  

 Have you got the following information: 

o key contacts and information sources (Will the contacts change after 

the defects or warranty period has expired?  - What is the warranty 

period? Have useful relationships been developed?) 

o maintenance and servicing requirements and schedules 

o troubleshooting guides and procedures 

 Have required maintenance tasks been:   

o demonstrated to you (e.g. by the developer)? 

o outlined in the home user guide or other source of information?  

 What have been the costs of maintenance compared to conventional 

heating/hot water/electricity systems Q - Only been in the house for 3 months 

– have there been any maintenance issues to date? 
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 Are there any improvements you would like to see in how servicing and 

maintenance activities are arranged? 
 

5. What is the level and distribution of involvement amongst household members? 

(3.55pm) 

 Has the assignment of roles with respect to operating and maintaining the LZC 

technology changed since occupying the home?   

 How are household members influenced to behave in a desired manner w.r.t. 

the LZC technology? 

o consider the decision making process & influence of household 

members  

o look at the type of influencing used 

o how consistent is the behaviour in relation to LZC technologies within 

the household?  

o assess level of engagement with technology & motivation to optimise 

the technology  
 

6. Has the presence of the LZC energy technology resulted in you being perceived 

differently by others (e.g. as a trusted source of information on the technology)? 

(4.00pm) 

 Has the technology been discussed with friends, family, neighbours & work 

colleagues?  

 Have you provided advice to others in relation to the technology?  

 Is there any evidence of influencing others to install LZC technologies?  

 Has the presence of the LZC technologies led to new connections being made? 

(e.g. enquiries from previously unfamiliar people in the neighbourhood, joining 

of local /national environmental groups, good interactions with neighbours)  

 Has it contributed to a sense of community amongst the residents?  
 

7. Has the presence of the LZC energy technology in the home caused you to 

behave or think differently to before?  (4.05pm) 

 Has there been any change to the level of environmental concern you feel? 

(e.g. are you more aware of climate change and non-renewable fossil fuel 

usage?)  

 Has this led to observed changes in consumption levels & pattern? 

 Any tailored evidence of the rebound effect? 
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 Has having the LZC technology led you to feel uncomfortable with previous 

behaviour and, if so, what has been the consequence of this? 

 Has the technology affected activities/attitudes outside the home?  

 Has the LZC technology altered your self-identity?  

 Has it instigated any sense of pride? If so, what has been the effect of this? 

 [Has the use of the technology led to any unexpected effects?]  
 

8. What degree of communication in the home is there w.r.t. the technologies and 

between who? (4.10pm) 

 Is it a normal topic of everyday conversation?  

 

9. What structural aspects of the dwelling, & interactions with other items, 

influence the way in which the LZC technology is used?  (4.15pm) 

 Examples 

 Can you suggest any changes in the structural aspects of the home etc. that 

might improve the ways in which the technology is used/maintained or that 

might increase your levels of engagement with it? 

 

10. Has any organisation proactively made contact with you in relation to your LZC 

technology (e.g. maintenance companies, Council, residents’ association)? 

(4.20pm) 

 Would any such contact have been welcomed? 

 What external sources of information are used & what is the mode of access?  

 Any resident’s association?  

 Which sources of information do you trust most (and least)?   

 [Are you involved in any existing formal/informal network or association in the 

locality or beyond?]  

o w.r.t. LZC technologies? 

o w.r.t environmental issues more generally?] 
 

11.  How is the LZC technology perceived? (4.25pm) 

 By household members?  (e.g. symbol of modernity? ) 

 By friends, family & neighbours?  

 [What do you consider to be the main positive/negative 

characteristics/attributes of the technology?]  

 [Has the perception of the technology changed over time?] 
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 Are you concerned about the reliability and maintenance issues relating to the 

technology?   

 How do users perceive themselves? 

 

12. Technology specific details (4.30pm) 

 What technology have other residents in the new development got?   

 Go through technology specific questions 

 

13. Would you like assistance/ information/ training/ support etc. in 

relation to the LZC technologies - via a new local group of community 

members (self-help group which will seek external assistance as 

required)?  (4.35pm) 

 Can you suggest any suitable local venues where participants can meet up? 

 On what days and at what times could you potentially participate in such a 

new local group? 
 

14. Any comments 

 Are there any neighbours you could encourage to take part in the interviews?  

 Do they have a contact number/name for any Management Company 

involved? 

 Feedback on policy 
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Appendix 10 - What LZC technology symbolised for interviewees 

 

Technology is a symbol of progress and/or efficiency 
 

‘I suppose it’s a more efficient use of power …’ (ID256, STHW) 

‘For me it is a symbol of progress. When I go to stay at my parents’ house, they don’t have it. I find it 
quite weird now. I’m very aware when I go there they switch their gas boiler on to heat the water: ‘Oh, 
do you want a bath, I’ll put the hot water on’. It’s quite a different sort of world. I don’t do that.’ 
(ID155, STHW) 

‘Direction of travel’ (ID608, CHP) 

Technology is a symbol of the low carbon economy /low carbon future/greener future 
 

‘Low carbon economy or low carbon future.’ (ID 424, MVHR & STHW) 

‘A greener future.’ (ID805, CHP, communal biomass & MVHR) 

‘I’d say it was a symbol of more and more people, cases like Councils and things like that, accepting 
that we do need to move on to low carbon. I see it as a first step towards that, not the final solution. A 
kind of sign that it’s becoming the majority opinion, particularly in Woking where they are pretty good 
about things like that, that  we need to do something about this, and just the best way to do it is to just 
kind of give it to people, and they live with it.’ (ID833, STHW) 

Do not think of the technology as a symbol of anything, but regard it as something useful or a 
household appliance 

‘It was useful, is probably the best way. It’s nice to know you had it, but I couldn’t really think of it as a 
symbol. It was just there, again probably because a lack of understanding. Just sort of there and you 
knew it was doing something but how much of a something it was doing, you just didn’t really know.’ 
‘Just another household appliance in effect.’ (ID295, STHW) 

Do not think of the technology as a symbol of anything, but regard it as just an ugly building element 

‘Just another building element that looks a bit ugly on the top. You know, there are 19 panels on there, 
strutted on the various roofs. I guess, in a way, the building would have been better if the solar panels 
weren’t there.’ (ID829, STHW) 

Technology is a form of social engineering 
 

‘I’m against this micromanagement of people by Councils – I don’t think they have any right to do it at 
all. I don’t think social engineering is …’ ‘… we don’t want it rammed down our throats. We’re not 
prepared to have it.’ (ID804, CHP, communal biomass & MVHR) 

Table A10.1 What LZC technologies symbolised for the interviewees  
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Appendix 12 – Summary of survey results posted to householders 
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Appendix 13 – Householders’ exhibition & network launch invitations 
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Appendix 14 - First exhibition - posters displayed 
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Appendix 15 - First exhibition - feedback sheet for householders 
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Appendix 17 - Second exhibition - invitation to organisations 

  



 

 

[415] 

 

 

 

 



 

 

[416] 

 

Appendix 18 - Second exhibition - posters displayed 
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Appendix 19 – Suggested improvements to feedback for STHW systems 

In Section 7.4, Tables 7.1 and 7.2 set out a five-point characterisation of STHW users. The 

Category V interviewees had certain suggestions on what improvements they would like to see 

with regards to the content of the feedback made available. It was appreciated that the type of 

feedback requested was not always necessarily readily deliverable, but it provided an 

indication of what users would be interested in and what might help them to further engage 

with, and optimise, their STHW systems. Some interviewees wanted to know whether, at any 

point in time, their STHW system was contributing to their hot water supply: 

 ‘Just an ‘On’ and ‘Off’ would have been quite useful.’ (ID295, STHW) 

A number of interviewees wanted feedback on the quantity, or proportion, of heat contributed 

by the STHW system to their hot water supply: 

‘What would be nice really is to see how much electricity or hot water, whatever, how 
much does it actually generate, so you could get an idea of what it is actually doing. 
Other than just the flashing thing on the screen, it didn’t really say it’s generating 10% 
of your hot water or 10% of your electricity, or whatever.’ (ID295, STHW) 

‘Whether it would be possible to have some way of measuring the heat output from 
the solar thermal, if you could have an overall energy readout, so you would know: 
‘Your using this amount of energy, but 20-25% of that is coming from the solar’ – that 
would be interesting.’ (ID424, MVHR & STHW) 

‘I guess kind of just percentages – how much is solar thermal and how much is 
immersion heater.’ (ID833, STHW) 

Others mentioned that they wanted the monitor to be able to inform them on the length of 

time, and the actual times, that the STHW system was working during any particular day:  

‘I’d like to see some graph which shows when the immersion heater clicks in and clicks 
out – so I can have evidence of the impact of real solar heating.’ (ID826, STHW) 

One Category IV interviewee thought that such information would enable her to tailor the 

timing of her hot water consumption: 

‘… if it could give me a start and cut-off time, then I know if I am using water after that 
time, then it’s only topping up with cold… it’s not getting re-heated [by the STHW 
system]… Yes, it would be more useful that way round if it could tell me what it was 
doing, so I could then work out what I was going to do with it .’ (ID1030, STHW) 

Others would like to know how much they are benefitting financially: 

 ‘I would like to know how much it’s actually saved me…’ (ID958, PV & STHW) 
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This last householder also had a PV system, which was fitted with a meter that logged the 

cumulative quantity of electricity the system had generated; because he knew the financial 

benefits gained through the Feed-in Tariff (FIT), he could assign a demonstrable value to the 

PV system. This he could not readily do for the STHW system, which frustrated him. 

In summary, there was a common view amongst those in this category that they would benefit 

from more informative feedback with which they could engage; such as what proportion of 

their hot water needs were being met by the STHW system; at what times the system was 

working on any particular day; and how much they were saving in monetary terms. 
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Appendix 20 – Article in Area journal 
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Appendix 21 – Dwellings where LZC technology was absent 

As mentioned in Section 5.6, it became apparent that not all the targeted households had LZC 

technologies installed. Stated reasons or derived explanations for this varied as exemplified by 

the following cases: 

Case 1 – All 51 households within an extra care home152 for the elderly were included within 

the questionnaire survey. However, only the 12 top floor flats were found to have dedicated 

STHW systems installed, with a communal STHW system serving the communal kitchen.  

Case 2 – All 46 households within a retirement village were included within the questionnaire 

survey. However, through feedback received, it was apparent that the technologies installed 

(four rows of ground-based PV panels and a CHP system) only served communal areas. Thus, 

none of the 46 households fell within the target population of the survey153. 

Case 3 – In a development of 9 detached properties, feedback established that only two 

properties had LZC technology installed (in the form of an ASHP). There were a few cases such 

as this where the developer had strived to meet the low carbon energy target for a 

development by focusing on providing a high percentage of low carbon energy for a sub-set of 

the units. 

Case 4 – In a development of 11 semi-detached properties, feedback established that the 

properties were designed and marketed as each having a MVHR system. There are evident 

extract points in various rooms, for example. It is not known whether all the necessary 

components of the MVHR system are installed but it is known that the systems were never 

commissioned. Thus, the occupants of these homes could not meaningfully complete the 

questionnaire. 

Case 5 – In a development of 22 terraced houses, feedback indicated that there should have 

been a CHP system serving all the homes but the developer (a housing association) ran out of 

funds and did not install it. The intention to install a CHP unit was confirmed within the 

planning application.  

There were also a couple of recently built developments containing unoccupied units.  

                                                             
152 Extra care developments can take a variety of forms (see Housing Learning and Improvement 
Network, 2008). In this particular case, the residents owned their self-contained flats but had access to a 
communal lounge area and restaurant. 
153 Where it was found that dwellings were served by LZC technologies for communal purposes only 
(such as lighting and heating of communal areas), they were excluded from the survey as the research 
questions were generally not applicable to them. 
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Cases 4 and 5 highlight that there are issues of policy compliance and enforcement to be 

resolved. This subject, however, was outside the scope of the current research. 
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