Engaging beyond the meter: Encouraging
residential energy management using

smart grid tools

by
Bronwyn Mary Lazowski

A thesis
presented to the University of Waterloo
in fulfillment of the
thesis requirement for the degree of
Doctor of Philosophy
in

Geography

Waterloo, Ontario, Canada, 2019

©Bronwyn Mary Lazowski 2019



Examining Committee Membership

The following served on the Examining Committee for this thesis. The decision of the Examining

Committee is by majority vote.

External Examiner: Dr. Alexandra Mallett
Associate Professor, School of Public Policy and Administration

Carleton University

Supervisor: Dr. Paul Parker
Professor and Associate Dean of Strategic Initiatives
Department of Geography and Environmental Management

University of Waterloo

Internal Member: Dr. Sarah Burch
Associate Professor and Canada Research Chair
Department of Geography and Environmental Management

University of Waterloo

Internal-external Member: Dr. Ian Rowlands
Professor and Associate Vice-President, International
School of Environment, Resources and Sustainability

University of Waterloo

Other Member: Dr. Jennifer Lynes
Associate Professor
School of Environment, Enterprise and Development

University of Waterloo

il



Author's Declaration

This thesis consists of material all of which I authored or co-authored: see Statement of Contributions
included in the thesis. This is a true copy of the thesis, including any required final revisions, as

accepted by my examiners. I understand that my thesis may be made electronically available to the

public.

il



Statement of Contributions

The research contained within this thesis was conducted as part of a Social Sciences and Humanities
Research Council of Canada (SSHRC) Canada Graduate-Doctoral Scholarship and an Energy Council
of Canada Energy Policy Research Fellowship in partnership with the Waterloo Institute of
Sustainable Energy. The results presented in Chapter 4 is a manuscript published September 2018 in
Energy, Sustainability and Society. The results presented in Chapters 5 to 7 are the bases for
manuscripts intended to be published in peer-reviewed journals. As a result, a number of co-authors
have contributed to the work presented in Chapters 4-7. However, all data collection or analyses
which were not performed by me were conducted either under my direct supervision or were
coordinated by me. All analysis and synthesis of the results were performed by me. Although
technical and editorial contributions were provided by my co-authors, each manuscript was written by

me. The individual contributions from all co-authors are, in alphabetical order, as follows:

Gordon Stephen: co-developed the clustering and household consumption analysis and provided both
technical and editorial feedback in the preparation of Chapter 6.

Prof. Ian Rowlands: supervised the development of the interview questions for Chapter 4 and
provided editorial feedback in Chapter 4.

Prof. Jennifer Lynes: provided technical and editorial insight during development of the
ENGAAGGE model in the preparation of Chapter 7.

Prof. Paul Parker: supervised all work completed in this thesis, including editorial and technical

feedback for Chapters 4 through 7.

v



Abstract

With scientists around the world indicating a brief window of opportunity for reducing
irreversible climate change impacts, the time has never been more pressing for sustainability
transitions (IPCC, 2018). The role of energy is especially important in these developments, where
anthropogenic forces have created a ... twin energy and climate nexus,” (Van De Graaf, 2013, p. 42)
as a result of the extraction, production, and consumption of energy resources. At a global scale, 78%
of human-induced greenhouse gas (GHG) emissions are from energy production and consumption
(Natural Resources Canada, 2018a). Therefore, clean energy developments are an essential element of
international climate goals.

A key element of clean energy developments is energy conservation and demand
management. With Canada having one of the world’s largest per capita electricity consumption rates,
increased end-use management is essential to reduce system-level pressures within clean energy
developments (International Energy Agency, 2018). Significant opportunities for electricity
management exist in the residential sector, which contributes to 27% of international electricity
consumption (International Energy Agency, 2017). This is especially the case in Canada, where the
residential sector contributes to 34% of national electricity use, emitting 21.4 Mt of CO,e (Natural
Resources Canada, 2019b, 2019a). Therefore, there is a strong need to transform Canada’s residential
consumption management and practices to benefit national climate change objectives.

Technological innovations in the modern energy grid deliver new opportunities for clean
energy developments. Specifically, the smart grid creates two-way flows of both data and energy,
thereby transforming technological capabilities and end-user roles. Beginning in 2004, the Province
of Ontario facilitated large-scale smart metering implementation to enable a ‘conservation culture,’
consequently, becoming a prominent testing ground for residential smart grid development. Although
the smart grid offers new technological potential, investigating ‘beyond’ the meter and into end-user
engagement is critical for making these large-scale shifts. Social science research applications have
previously remained underrepresented in energy literature and deliver novel opportunities for
studying smart grid engagement. The holistic and scalable energy cultures framework presents a
comprehensive approach to study the complexity of residential energy management, with substantial
opportunities for applications in smart grid research (Stephenson et al., 2010).

This dissertation, entitled ‘Engaging beyond the meter: Encouraging residential energy

management using smart grid tools,” delivers novel contributions to residential smart grid and
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engagement research for developing insights on household engagement and energy management.
Drawing from the literatures on smart grid interventions, social science energy research, and
consumer engagement, this dissertation utilizes two Ontario residential smart grid case studies to
assess the potential of smart grid technologies to facilitate consumption changes. Additionally, this
dissertation incorporates a comprehensive review of existing approaches for intervention design and
proposes a novel integrated engagement model for shifting consumer cultures towards sustainability.
This dissertation research is presented in four distinct yet interrelated manuscripts.

Chapter 4 investigates the impacts of smart grid interventions on household energy cultures
during a multi-year residential smart grid case study, following participant interviews. The energy
cultures framework is applied to identify the nuances surrounding household energy management,
specifically the changes in norms, practices, and materials. Additionally, qualitative feedback on the
effectiveness of these smart grid engagement mechanisms for household energy management is
collected. The results identify the challenges surrounding household energy management in relation
to smart grid developments and present a novel application of the energy cultures framework within
the Canadian residential smart grid.

Chapter 5 further examines the impact of two smart grid interventions (electricity report and
mobile tablet) to re-engage consumers over the multi-year residential smart grid project. This study
examines whole-house and appliance-level consumption data alongside participant interviews. As a
result, this study determines whether re-engagement influenced consumption, highlights contributing
energy management practices (e.g., cooking, laundry, entertaining, air conditioning, dishwashing),
and determines underlying factors influencing energy management. Significant conservation and peak
shifting in laundry consumption were identified during a 10-week autumn period. User experience
interviews highlighted the preference for weekly reports over a tablet for re-engagement. Therefore,
this chapter provides unique perspectives for long-term engagement and re-engagement in the smart
grid for the promotion of lasting residential energy management.

Chapter 6 assesses the influence of a large-scale introduction of in-home displays (IHDs) to
central Ontario homes. Two years of hourly consumption data for IHD recipients (n=5274) are
analyzed and compared to a control group (n=3020) to determine changes in conjunction with IHD
feedback at population and cohort levels. Consumer segments incorporating behavioural (load-shape)
and thermal consumption patterns were identified. Following an impact assessment, no significant
impacts were experienced in the general population; however, specific consumer segments responded

favourably by conservation or peak shifting. These notable segments only represented 12% of the
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IHD recipients and had evening peak and heating thermal consumption profiles. This study
emphasizes the importance of effective program design that utilizes comprehensive datasets, user-
centred approaches, consumer targeting, and multiple mechanisms extending ‘beyond feedback.” This
chapter also highlights opportunities for utilizing ‘big’ smart metering data to understand consumers
and their energy practices using quantitative methods.

Chapter 7 presents a novel model for intervention design for sustainability as an outcome of a
conceptual review. The proposed ENGAAGGE model presents an integrated model for intervention
design that bridges the limitations from the current disciplinary silos for collective change. The paper
provides a comprehensive review of existing intervention approaches (social marketing, community
based social marketing, social practice theory, and design thinking), highlights the key elements for
intervention design, and proposes the ENGAAGGE model that incorporates the strengths of existing
approaches, while addressing their respective limitations. Therefore, the outcomes of this chapter
provide innovative opportunities for application in future research and practice for collective change.

This dissertation research brings novel contributions to theory and practice. First, this
research provides an innovative application of the energy cultures framework to the residential smart
grid and delivers a new framing for a smart and sustainable energy culture. The holistic understanding
developed from applying this framework delivers insights for household smart grid engagement
applicable to future program design. Second, the IHD segmentation analysis extends research on
smart grid-enabled feedback and consumer response by the combination of a large-scale cohort and
consumer segmentation. The research outcomes deliver critical recommendations for future
programming to include consumer targeting and user-centred design. Third, the longevity and mixed-
methods approach of the EHMS study provides novel and detailed contributions to smart grid energy
cultures and engagement research to test with broader audiences. These outcomes provide insights for
consumer engagement for long-term engagement and re-engagement relevant for residential smart
grid programming. Fourth, the conceptual review and integrated model presented in Chapter 7 bring
critical contributions to the sustainability engagement literature and provide substantial opportunities
for application in future research and practice. In conclusion, this dissertation research delivers novel

contributions to smart grid research for engaging consumers beyond the meter.
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1. Chapter 1 — Introduction

This chapter provides an introduction to the dissertation entitled ‘Engaging beyond the meter:
Encouraging residential energy management using smart grid tools.” This chapter includes the
rationale and research background, followed by the empirical context of the dissertation research, the
gaps in the literature, the research purpose, and objectives, followed by the conceptual framing, and

dissertation outline.

1.1 Rationale and research background

Fundamentally tied to societal and economic development, energy is considered “... the
lifeblood of all societies” (Homer-Dixon, 2006, p. 26). Energy is embedded in the necessities of
livelihoods and there has been a high correlation between energy consumption levels and the quality
of life (Manners, 1971; Solomon, Pasqualetti, & Luchsinger, 2003). This dependency on energy for
social and economic development has led to large-scale environmental impacts, while at the same
time advancing the quality of life (e.g., facilitating certain medical procedures, thereby reducing
mortality rates). Human impacts have likely caused 1.0°C planetary warming beyond pre-industrial
levels (IPCC, 2018). The population-consumption-technology-nexus has raised concerns regarding
the planet’s limits to growth and the levels of unsustainable resource extraction, increasing the
severity of climate change effects (IPCC, 2014). These concerns have remained important since
Meadows, Meadows, Randers, and Behrens’ (1972) seminal piece on the limits to growth and has
progressed into the investigation of earth system limits within planetary (Rockstrom et al., 2009) and
social scales (Dearing et al., 2014; Raworth, 2012). As a consequence of these anthropogenic forces,
“the world is facing a twin energy and climate crisis,” of energy access issues and climate change
impacts (Van De Graaf, 2013, p. 42). Energy is a considerable influence on international climate
goals. This ‘twin crisis’ is particularly the case in Canada, and evident in the country’s Paris
Agreement goals' and related policies (Government of Canada, 2015).

Energy conservation and demand management (CDM)? policies provide crucial pathways for

clean energy transitions. The management of energy consumption is intertwined in socio-spatial

! Canada’s Paris Agreement climate commitment is to reduce greenhouse gas (GHG) emissions 30% below
2005 levels by 2030 (Government of Canada, 2015).

? This dissertation recognizes that conservation and demand management do not yield the same outcomes.
These concepts have been placed together in this dissertation to align with the policy objectives set by the
jurisdiction of focus, Ontario, which promoted both conservation and demand management through the
introduction of smart grid technologies for both reducing consumption and shifting to non-peak periods.

1



identities from macro- (international and national scales) to micro-scales (regional, community and
household), resulting in complex issues for effective energy management (Calvert, 2015). Thus,
decarbonizing the energy system is a sizable socio-technical challenge (Eyre, Darby, Griinewald,
McKenna, & Ford, 2016). Society is faced with an urgent challenge to break this cycle by enabling
social and economic development while achieving reductions in carbon emissions.

Contributing to 27% of global electricity consumption, significant opportunities for
consumption management exist at the residential scale (International Energy Agency, 2017; Parker,
Rowlands, & Scott, 2003). Residential energy studies traditionally fall under either technical or social
knowledge areas, where technical studies focus on engineering elements and social studies investigate
the barriers and benefits of programs (D. Scott, Rowlands, & Parker, 2001). Consequently, research
can become focused on either human-specific or technologically-specific solutions, without
interconnections between the two, resulting in disjointed silos of solutions and research.
Multidisciplinary methods for studying user interaction with smart grid technologies can bring
detailed insights into technological adoption (Karlin et al., 2017). However, due to the complexity of
this human-environment relationship, a multidisciplinary approach is crucial to enable the
comprehensive study of the patterns, factors and approaches influencing the consumption landscape,
and to investigate opportunities for innovative and sustainable energy shifts (Stephenson, 2018).

Another major challenge of the energy system is the ‘triad of anonymity,” among utilities,
consumers, and embedded energy practices where consumers and their practices hold a large role in
system efficiencies (Bigerna, Bollino, & Micheli, 2016; Sintov & Schultz, 2015; Summerton, 2004;
Verbong, Beemsterboer, & Sengers, 2013). Smart grid technologies offer new capabilities for
residential energy management and renewable micro-generation; however, the sustainable energy
transition requires more than technology, it requires the creation of a culture of engaged consumers
(Eyre et al., 2016; Hargreaves, 2018; Lazowski, Parker, & Rowlands, 2018; Yang, Liu, Gaterell, &
Wang, 2017). At the residential scale, the smart grid requires user-centred design of technologies and
interventions to shift households towards both a smart and sustainable energy culture’ through the
acceptance of new efficiency measures and smart technologies, shifts in energy actions, and changes
in expectations surrounding energy management (Karlin et al., 2017; Lazowski et al., 2018;

Stephenson, Barton, et al., 2015; Stephenson et al., 2010). The comprehensive energy cultures

3 Elements of the smart and sustainable energy culture are discussed in more detail in Section 1.2.5 and
Chapters 2 and 4. The tensions between the terms smart and sustainable are acknowledged and detailed
references are made in Sections 2.8 and 2.10.
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framework poses opportunities for new research to gain insights on residential energy shifts towards a
smart and sustainable energy culture.

Energy studies incorporating social and technical knowledge areas study patterns of
consumption, highlight issues surrounding future energy scenarios and identify mechanisms for
management and reduction. Opportunities for further incorporation of social and technical knowledge
areas in residential energy research are evident in the literature (Parker et al., 2003; Sovacool et al.,
2015), and further detailed in the following sections (Chapter 2 — Literature Review). The emergence
of innovative technologies (e.g., smart technologies,* clean technologies®) introduces opportunities to
‘green’ the energy system (Auld, Mallett, Burlica, Nolan-Poupart, & Slater, 2014); however, there is
a lack of comprehensive knowledge for facilitating and developing a more sustainable energy culture.
The diversity of the contemporary discipline of human geography combines a range of theories and
approaches (Herod, 2009; R. Johnson, 2009) and provides a favourable lens to investigate the scale,
sustainability, governance and consumption of energy. Overall, the integrated capabilities within
human geography research provide a lens for understanding patterns of consumption and identifying
opportunities for CDM.

A significant opportunity for clean energy shifts is evident within Canada’s energy system.
Increased electricity end-use management is essential for these system shifts, especially considering
Canada has one of the world’s largest per capita electricity consumption rates (International Energy
Agency, 2018). Substantial opportunities exist at the residential scale. Residential electricity
consumption contributed to 34% of Canada’s national electricity use, emitting 21.4 Mt of CO»e
(Natural Resources Canada, 2019b, 2019a). At the household level, electricity contributed to 45.2%
of residential energy consumption in 2015 (Natural Resources Canada, 2017b). Therefore, Canada
has a significant responsibility for shifting consumption intensities at the residential scale. Although
not equally distributed across provinces, this presents a substantial challenge for shifting towards a
‘sustainable’ energy culture that aligns with federal climate change objectives.

Household energy consumption is multifaceted and influenced by a multitude of social and
technical factors (Kowsari & Zerriffi, 2011). Therefore, understanding the underlying impacts

alongside this technological adoption is crucial for understanding how and why consumers can shift

4 ‘Smart’ technologies refer to devices with the ability to connect to a network (e.g., WIFI, 3G, Bluetooth) to
share and interact (e.g., between users, operators, other devices) remotely, facilitated by information and
communication technologies.

> Clean technologies are defined by Natural Resources Canada (2017a) as “any process, product, or service that
reduces environmental impacts providing a critical pathway to maintain and enhance competitiveness.”
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their energy consumption. Current energy research approaches focusing on studying human-induced
impacts remain within disciplinary silos, with technical research dominating major energy research
publications (Sovacool, 2014; Sovacool et al., 2015). Similarly, in smart grid research, studies
primarily focus on the technical, or the social aspects, without integration (Froehlich, 2009).
Multidisciplinary approaches are crucial for reducing the disciplinary silos for engagement
approaches (Creutzig et al., 2018; Sovacool & Hess, 2017; Steg, Perlaviciute, & van der Werff, 2015;
Vlek & Steg, 2007). Multidisciplinary approaches can be applied to smart grid research to identify
opportunities for successful grid transitions.

Technological innovation in the residential energy system, particularly with smart grid
advancements, can deliver potential opportunities for improved household energy management
(Hiscock, 2014; Stephens, Wilson, & Peterson, 2015; Winfield & Weiler, 2018). The introduction of
information and communication technologies (ICT) into the electricity grid brings substantial
opportunities for two-way flows of both energy and information between utilities and consumers
(Office of the Auditor General of Ontario, 2014). Facilitated through the introduction of smart
meters®, these advancements can create consumer opportunities in the smart grid (Anda & Temmen,
2014). Within Canada, Ontario made large advances in smart grid infrastructure developments
compared to other provinces (Hiscock, 2014). Technologies bring opportunities to improve residential
energy management; however, habits, routines, and related behaviours have a strong influence over
the efficient use of technologies, contributing to two-thirds of energy use compared to technical
components (Dietz, Gardner, Gilligan, Stern, & Vandenbergh, 2009; Lutzenhiser, Hu, Moezzi,
Levenda, & Woods, 2012; Mills & Schleich, 2012). Additionally, energy consumption in households
with identical features can differ up to 200%, with household behaviours contributing to this
variability (Chen, Delmas, Kaiser, & Locke, 2015; Dietz et al., 2009; Lutzenhiser, 1993; Mills &
Schleich, 2012). Studies have identified savings opportunities of upwards to 25% from conservation
behaviour; therefore, emphasizing the significance of behavioural ‘wedges’ to improve energy
management (Dietz et al., 2009; Granade et al., 2009; Karlin & Ford, 2013; Lutzenhiser, 1993).
Equally, the importance of engaging end-users in smart grid transformations has been identified
(Anda & Temmen, 2014; Goulden, Bedwell, Rennick-Egglestone, Rodden, & Spence, 2014).

Therefore, these factors present substantial opportunities for studying consumer engagement and

Smart meters are electricity meters that log the quantity of electricity use by time of day and connect to the
electricity grid (Lysyk, 2014). Smart meters can also record power quality, disturbances and events and provide
aggregate stored mechanical meter data logs (O’Malley, 2014).
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demand response in conjunction with these socio-technical transformations in household energy
management.

The development of the smart grid brings additional opportunities for applying mixed-
methods and social science research approaches (Karlin et al., 2017). In recent decades, social science
approaches in energy research remain underrepresented in leading scientific journals (Sovacool,
2014). Consumer-centred approaches are integral in developing mixed-methods research to the smart
grid (Karlin et al., 2017). Thus, a significant opportunity exists to incorporate social science
approaches to smart grid research. Novel social science research frameworks bring opportunities to
study these shifts, consumer adoption, and engagement in the smart grid. In particular, the energy
cultures framework (Stephenson, 2018; Stephenson, Barton, et al., 2015; Stephenson et al., 2010)
presents a comprehensive approach to study the complexities of the smart grid, understand the
underlying factors influencing household energy consumption, and to study the potential for smart
grid technologies to shift household energy cultures within the smart grid transition. Therefore, four
key elements brought together a strong opportunity for pursuing research on smart grid consumer
engagement for home energy management: 1) the proliferation of smart grid technologies for
residential energy management; 2) the strong development of smart metering infrastructure in
Ontario’s electricity grid; 3) the development of the Energy Cultures framework for holistic
understanding of factors influencing home energy management; and 4) the acknowledgement for
increased applications of social science and multidisciplinary research methods within contemporary
energy studies.

This dissertation research, entitled ‘Engaging beyond the meter: Encouraging residential
energy management using smart grid tools’ provides methodological and conceptual contributions to
the literature by four manuscripts which examine two case studies on residential smart grid
engagement within Ontario (Chapters 4-6) while also proposing a new integrated model for
intervention design (Chapter 7). The following sections present the empirical context, the

contributions to the literature, and the conceptual and organizational structure of the dissertation.

1.2 Empirical context

This dissertation incorporates two case studies and a conceptual review within four research

chapters (Chapters 4-7). The following sections present the empirical context for each chapter.



1.2.1 Ontario smart grid development

The Canadian energy system presents a significant opportunity to study household
engagement within the smart grid. The province of Ontario has enacted substantial changes in
technology, policy, and market rules to establish strong leadership in smart grid development among
Canadian provinces, beginning with the province’s Electricity Act, 1998 (Lysyk, 2014; Mallinson,
2013; Winfield & Weiler, 2018). As a result of the Smart Meter Initiative in 2004, Ontario installed
over 4.8 million smart meters across homes and small businesses by 2014 (Lysyk, 2014). This
facilitated time-of-use (TOU) pricing for encouraging Off-Peak consumption. Consequently, this
investment in energy infrastructure led to Ontario’s Canadian leadership in smart grid research and
development with 47 types of projects established across the province in 2014, including: a fully
operationalized AMI; new rate options (TOU pricing); demand response for load shifting or ancillary
services; distributed energy storage for peak shaving; self-healing grids; microgrids, and; voltage
reactive power control (Hiscock, 2014).

Energy systems involve a multitude of actors from generation and distribution to
consumption. Within Ontario, Local Distribution Companies (LDCs) facilitate the interaction of the
smart grid between the utility and the consumer, and in particular, standardized electricity data are
accessible to approximately two-thirds of Ontario customers for better management and
understanding of energy consumption (Hiscock, 2014; Winfield & Weiler, 2018). Ontario’s
commitment towards a ‘Conservation First” Policy, involving consumer engagement through smart
meter demand response, brought significant opportunities to study the potential for these technologies
as the province aims to achieve its CDM targets. Opportunities remain to examine details regarding
how these externalities can shape residential energy cultures.

Although Ontario is a leader in the introduction of smart grid and advanced metering
technology in the Canadian context, the related CDM benefits of these technologies has been limited.
As identified by Lysyk (2016) the introduction of the smart metering technology did not achieve
anticipated CDM targets. Although price difference between On- and Off-Peak periods was
introduced to shift behaviour, as of 2016, the CDM objectives established by the Ontario Ministry of
Energy were not met. As identified by Auditor General Lysyk (2016), the TOU rates were not
significant enough to achieve CDM objectives. Therefore, it is crucial to study the nuances
surrounding household energy management to identify Zow to shift consumers to both a smart and

sustainable energy culture, aligning with CDM goals.



User-centred approaches for research design can bring new insights into human-technological
interactions. As identified by Karlin et al. (2017) multiple methods can be applied for user-centred
design in energy research, including literature reviews, ethnography, content analysis, focus groups,
interviews, surveys, eye tracking, user testing, and experimental design. Social science approaches
and mixed methods analysis can bring additional insights for understanding household energy
management and the acceptance of new technologies. As a result of the large-scale implementation of
advanced metering infrastructure (AMI) within Ontario, and the relevant opportunities for engaging
household consumers, this dissertation research focuses on two Ontario smart grid case studies to
explore residential engagement within the smart grid, thereby producing prospective insights for
implementation in other jurisdictions. In particular, since Ontario had widespread implementation of
smart metering infrastructure by 2014, this facilitated the study of long-term residential engagement
and re-engagement in a multi-year residential case study, as well as influences from smart meter-
enabled feedback in a large-scale implementation of in-home displays. Therefore, two case studies, as
well as a conceptual review, are utilized within this dissertation research to develop detailed
understanding on the factors influencing household energy cultures, consumer engagement with smart
grid technologies, and engagement approaches for societal shifts. The following sections outline the

related dissertation research.

1.2.2 Outline of EHMS case study

The University of Waterloo’s Energy Hub Management System (EHMS) project established
a long-term residential smart grid pilot and equipped 25 households with smart panel technology.
During the multi-year project, a series of project-led interventions’ were distributed to the households,
including surveys, web portal activation, scheduling, goal setting, reminders, thermostat control
functions, weekly feedback, and a tablet. During the study, high-resolution (hourly) electricity
consumption data were collected per household, allowing access to whole-house and appliance-level
data. This study provides an investigation into long-term engagement, re-engagement, and respective
consumption analysis; therefore, enabling detailed analysis of the consumption changes over a multi-
year case study. Additionally, this study conducted two phases of participant interviews. The first

stage of interviews took place from September to December 2014 with 15 participants to gain further

" This dissertation has applied the term intervention, similar to Wilson and Dowlatabadi (2007) who define
interventions as any instrument with the objective to change behaviour (e.g., policy, program, regulation,
activity).
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insight on their reactions to project elements and on the effectiveness of the project interventions
introduced. Follow-up interviews were completed in December 2016 with 12 tablet recipients to
further assess their shifts in energy practices, norms, and adoption of efficiency upgrades as a result
of long-term project participation and re-engagement. The availability of comprehensive qualitative
and quantitative data presented a strong opportunity to assess the interventions’ impacts on re-
engagement. Overall, these data delivered substantial opportunities to assess the changes in
residential energy culture, as well as to identify the nuances and factors influencing the energy
management within participating homes.

This case study provides insights on how smart grid interventions can influence long-term
electricity consumption and energy cultures of participating households. These insights are delivered
from an analysis of user experience feedback on intervention effectiveness and household dynamics
influencing ‘smart” home energy management. Additionally, this involves an assessment of
consumption patterns in conjunction with the implementation of interventions later in the project
(electricity reports and a tablet) to assess the ability of smart home energy management technologies
to re-engage households in home energy management. In comparison to existing studies, this analysis
of long-term engagement and re-engagement provides contributions to the literature in terms of smart
grid implementation, participant engagement and re-engagement, as well as consumption changes at
whole-house and appliance levels.

Two research papers (Chapters 4 and 5) deliver this case study research. The first paper
(Chapter 4), focuses on qualitative participant insights. This paper aims to: (1) determine whether the
project influenced the participants’ energy culture, and; (2) determine what factors influenced ‘smart’
energy management and project engagement. This study focuses on the agency of the individual and
utilizes the energy cultures framework to gain a detailed understanding of the complexity and the
nuances surrounding residential energy behaviours.

The second paper (Chapter 5), integrates both electricity consumption data and qualitative
participant insights. This paper aims to: (1) identify whether energy feedback via reports and a mobile
tablet influenced re-engagement in household energy management; (2) highlight the specific energy
practices contributing to shifts in energy management, and; (3) present underlying factors
contributing to household energy management and user-experience with re-engagement mechanisms

(electricity report and tablet) within a multi-year residential case study.



1.2.3 Outline of IHD case study

Multiple smart meter-enabled feedback programs were developed in Ontario as a result of
infrastructure developments. In once such program, smart meter in-home displays (IHDs) were
provided to 5274 Central Ontario® homes. This IHD facilitated knowledge transfer to participating
households on electricity consumption by communicating directly with the smart meter. The IHD
provided smart meter-enabled electricity usage and cost information to the consumer through a digital
display and a light display. Two years of hourly utility consumption data were collected and analyzed
(September 2012 - September 2014) to assess the impact of the IHD on residential electricity patterns
in comparison to a control group who did not receive an IHD (n=3020). To develop a detailed
understanding of the electricity consumption for the homes in question, load shape profiles and
thermal consumption responses were utilized to categorize and cluster households into 78 consumer
segments. One dissertation research paper delivers this case study research (Chapter 6). This study
aims to: (1) analyze the influence of the IHD on the general population of participating homes; (2)
assess whether different consumer cohorts responded differently to real-time feedback, and; (3)

determine whether segmentation of households offers insights for smart grid consumer engagement.

1.2.4 Outline of engagement model paper

The aforementioned case studies highlight the challenges of engaging consumers with the
smart grid and stress the importance of effective user-centred intervention design for the development
of these programs. Smart grid implementation and related research requires an extensive collection of
disciplinary knowledge and approaches for research (Ghiani et al., 2018; Ogie, Perez, & Dignum,
2017). Therefore, the next phase of this dissertation research warranted a review of existing
approaches for intervention design in well-regarded fields followed by proposing a novel model for
effective engagement design.

Forces influencing collective shifts towards idealized sustainability practices are complex.
Often, current approaches to shift these forces towards sustainability remain within disciplinary-
specific silos (e.g., technological, behavioural, marketing and design fields). The fourth dissertation
paper provides a thorough review of the existing disciplinary approaches to intervention design,
identifies critical elements for intervention design, and then proposes a novel engagement model to

incorporate the strengths of the existing models and to address their respective limitations. To address

¥ The partnering organization and location of the study remain undisclosed for non-disclosure agreement
purposes.
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these aforementioned disciplinary challenges, the dissertation paper on engagement methods (Chapter
7) aims to: (1) provide an overview of existing intervention design elements; (2) examine the
intervention design approaches of social marketing (SM), community based social marketing
(CBSM), social practice theory (SPT), and design thinking (DT); (3) identify their key intervention
design elements, and to review each approach for its respective strengths and limitations, and; (4)

propose an integrated approach to intervention design.

1.2.5 Energy cultures framework

A multitude of factors influence energy consumption, therefore, utilizing holistic frameworks
to assess changes and forces influencing energy consumption can develop a detailed understanding of
energy consumption and management (Kowsari & Zerriffi, 2011; Stephenson, Barton, et al., 2015;
Stephenson et al., 2010). Frameworks integrating technical and social elements, while also
acknowledging the complexity of external systemic forces, can provide valuable insights in energy
research (Wilson & Dowlatabadi, 2007). The energy cultures framework provides a comprehensive
perspective into energy behaviours, shifts, and influencing factors related to energy consumption at
multiple scales (Barton et al., 2013; Stephenson et al., 2010). In particular, this scalable framework
can deliver an organized assessment of household energy management by investigating the
interrelationships among material culture (technological and built environment efficiencies); practices
and skills (routinized and one-off energy actions and the skills required to manage energy
consumption), and; related norms and aspirations (the personalized and societal standards
surrounding energy consumption) (Stephenson, 2018; Stephenson et al., 2010). This framework
supports the knowledge development of transformations related to these interrelated elements and the
underlying factors influencing these aspirational shifts (Walton, Doering, Gabriel, & Ford, 2014).
Thus, the energy cultures framework provides an ideal organizing framework for the outcomes of this
dissertation research.

Applied to the smart grid, the energy cultures framework can deliver insights on the
interrelated socio-technical elements of home energy management with smart grid tools. In particular,
this framework highlights the interrelationships between technologies, energy practices, norms and
aspirations, as well external forces influencing the adoption and use of smart grid technologies for
home energy management (Figure 1). Described in detail within Sections 2.7 — 2.10, the energy
cultures framework facilitates multidisciplinary approaches to studying these socio-technical

influences on home energy management within the smart grid. Framed in this dissertation as the
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smart and sustainable energy culture, which is further articulated in Chapters 2 and 4, this
incorporates a tri-fold transition within technical and behavioural elements. In particular, this aspired
energy culture involves: 1) a reorientation of material culture through the adoption and efficient use
of energy efficient structural elements and appliances as well as smart grid technologies (e.g., smart
thermostats); 2) a shift in energy practices and skills to conservation and peak shifting through the
effective use of technologies for home energy management (e.g., maintenance, settings, optimization,
and control), and; 3) a reframing of norms and aspirations surrounding energy use by increasing
flexibility and changing standards for particular types of energy use (e.g., reducing thermostat use,
shifting appliance use to non-peak periods). This dissertation acknowledges the tensions surrounding
smart technologies and sustainable energy consumption patterns, where smart technologies have the
capability to increase comfort and convenience, as well as require energy consumption for the
production and operation of smart components (Tirado Herrero, Nicholls, & Strengers, 2018).
However, this dissertation research applies the energy cultures framework for deeper understanding
of the heterogeneous factors influencing the effective adoption of smart grid tools for managing

residential energy use (Ford, Walton, et al., 2017; Stephenson, 2018).
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Figure 1 Smart and sustainable energy cultures framework, source: (Lazowski et al., 2018)

1.3 Contributions to the literature

The introduction of smart grid technologies provides opportunities to influence residential
conservation and demand management (CDM); however, technology on its own will not transform
society into the idealized ‘smart utopia’ (Strengers, 2013), especially considering there is no ‘one-
size-fits-all” approach to smart grid engagement programs (Rowlands, 2012). The incorporation of
social and technical research through comprehensive conceptual frameworks is integral for the
holistic understanding of household engagement within energy transitions, including the smart grid
(M. G. Scott, Mccarthy, Ford, Stephenson, & Gorrie, 2016; Stephenson, 2018). In particular,
perspectives from technical, engagement, design, marketing, as well as social and behavioural
disciplines (e.g., social marketing, community based social marketing, social practice theory, design
thinking) can offer support in this area of research. Utilizing multidisciplinary perspectives can
support a thorough approach to addressing consumer engagement and to developing detailed

knowledge on energy consumption within the grid (Summerton, 2004). This dissertation aims to
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address five gaps within the existing residential smart grid and consumer engagement literature, as
expressed in Chapter 2 (Literature Review), by implementing the following:
1. Facilitating social science approaches in residential smart grid engagement research

From 1999-2013, published energy research was predominantly technical where social
science research was underrepresented in main energy journals (Sovacool, 2014). Since energy has an
influential role in connecting and modifying ecosystems and social systems, the understanding of
human-environment relationships and their associated behaviours is an important topic to pursue in
social science research (Harper, 2012). Research approaches integrating social science methods can
deliver comprehensive insights on energy and smart grid research (Gaye & Wallenborn, 2014; Ghiani
et al., 2018; Ogie et al., 2017). With only 12.6% of research in top energy journals from 1999-2013
utilizing qualitative methodologies, this offers an opportunity to integrate qualitative and social
science approaches in residential energy research (Sovacool, 2014). As an outcome of the literature
review (Chapter 2), mixed-methods analyses of residential smart grid technologies have had limited
application in smart grid research, and particularly, within the Canadian smart grid context. Applying
qualitative and mixed-methods approaches in this dissertation research provide a thorough approach
for understanding consumer engagement in the smart grid, as presented in Chapters 4 and 5,

respectively.

2. Understanding smart grid consumer segments

Consumer segmentation and classification of users can bring detailed insights into policy and
program development, especially within the smart grid. Typologies of smart grid users, such as Gaye
and Wallenborn’s (2015) typology, bring a detailed understanding of certain consumers’ preferences
and applications of smart grid technologies. Additionally, load shape profiles and consumer
segmentation bring additional insights into energy program and policy opportunities (Frades, 2016;
Kwac, Flora, & Rajagopal, 2014; Oracle, 2015). In Chapter 4, Gaye and Wallenborn’s (2015) smart
grid typology is applied to the EHMS participants to identify the role of motivations surrounding
household energy management in the smart grid. In Chapter 6, load shape profiles and thermal
consumption patterns are utilized to segment 5274 IHD recipients to gain a thorough understanding of

consumer cohorts, and their responses to smart meter-enabled feedback.
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3. Utilizing long-term analysis to study occupant behaviour and engagement in the residential
smart grid

Utilizing a long-term’ timeframe to study smart grid interaction allows for additional
understanding of energy cultures transitions. Limited long-term studies of occupant behaviour and
interaction with residential smart grid technologies have occurred, particularly in the Canadian
context; therefore, resulting in reduced insights for long-term engagement and sustained CDM
practices in the smart grid. This dissertation research provides a multi-year assessment of smart grid
consumer engagement, specifically where the EHMS case study utilizes a multi-year period of up to
four years of participant involvement, as identified in Chapters 4 and 5.
4. Applying the energy cultures framework to residential smart grid research

Prior to this dissertation research, the energy cultures framework had not been applied to the
smart grid or the Canadian context. Therefore, this research extends the application of the framework
both technologically, by its application to the residential smart grid, and geographically to the
Canadian residential context. Additionally, the analysis of different consumer segments for household
energy management had limited applications in the energy cultures literature. Therefore, this research
further advances this area of literature to understand different types of smart grid consumers and to
suggest future areas to develop smart grid and energy cultures research. This is explicitly articulated
within Chapter 4, presenting the smart and sustainable energy culture, with avenues for future
research presented in Chapters 5 and 6.
5. Investigating integrated approaches to intervention design

Multidisciplinary research methods are crucial for developing thorough solutions for climate
change challenges (Creutzig et al., 2018; Sovacool & Hess, 2017; Steg et al., 2015; Vlek & Steg,
2007). Diverse approaches, extending beyond behaviours, allow for detailed understanding beyond
the ‘tip of the iceberg’ (Strengers & Maller, 2015b). The use of diverse approaches is also important
for smart grid interventions and research (Ghiani et al., 2018). Current disciplinary approaches for
intervention design and sustainability shifts remain in topic-specific silos, where potential cross-
fertilization of innovations remains limited; consequently, there is an opportunity to propose an
integrated model for intervention design. In Chapter 7, the diverse approaches are studied, and an

integrated approach for intervention design is proposed.

? This dissertation defines long-term as greater than one year.
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1.4 Research overview and objectives

To facilitate a multidisciplinary approach to studying smart grid engagement utilizing social
science approaches for consumer engagement, this dissertation asks: How can Ontario residential
consumers be engaged and re-engaged in the smart grid for the shift towards a smart and
sustainable energy culture? Within the four manuscripts, the overarching dissertation research
question is addressed through five interrelated research objectives. The research manuscripts included
in this dissertation address the aforementioned research objectives through the methodologies and the

conceptual framing applied, as identified in Table 1, and further described in the following sections.

Table 1 Overview of research objectives and dissertation chapters

Main RQ: How can Ontario residential consumers be engaged and re-engaged in the smart grid

for the shift towards a smart and sustainable energy culture?

Research objective Chapter
Chapter 4
O1: To determine whether smart grid engagement mechanisms influenced ch 5
i . . . . . apter
household energy cultures within two distinct residential smart grid projects
Chapter 6
02: To gain a detailed understanding of underlying factors influencing household
Chapter 4
energy management
0O3: To determine whether, and if so the extent to which, consumers re-engaged
. . . ) Chapter 5
within a multi-year smart grid project
0O4: To assess consumer segments in a large-scale smart grid project and to
identify types of consumers that may positively react to smart grid feedback at the Chapter 6
residential scale
O5: To review the disciplinary approaches for consumer engagement and to
identify an integrated model for intervention design applicable to multiple sectors, Chapter 7

including the energy system
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1.5 Conceptual framing and dissertation outline

Through two smart grid case studies and proposal of a novel intervention design model, this
dissertation research applies five research objectives to address the aforementioned research gaps
(Table 1). Stephenson et al.’s (2010) energy cultures framework is used to frame this research to gain
insights on how to develop a smart and sustainable residential energy culture'® through the adoption
of smart grid tools to reorient material culture, shift energy practices, and reframe norms surrounding
energy consumption (Figure 2). In particular: (1) the EHMS case study studies the internal and
external nuances and the changes in residential energy cultures in response to the introduction of
smart grid technologies in both engagement and re-engagement; (2) the IHD case study identifies
different segments of residential consumers and assesses how these differences in energy patterns can
influence smart grid engagement, and; (3) the conceptual engagement paper studies and proposes an
integrated method for intervention design which could be applied for the establishment of a smart and
sustainable energy culture.

The data collected and analyzed through both the EHMS and IHD case studies delivered
abundant opportunities for studying residential energy cultures and the interaction between residential
smart grid technologies for home energy management shifts. Additionally, the related disciplinary
literature offered a significant opportunity to review existing intervention design approaches and to
propose an integrated model for intervention design. The energy cultures framework presents a
comprehensive approach to studying residential impacts of smart grid technologies and opportunities
for policy development. In particular, this dissertation research aims to advance the understanding of
smart grid tools for shifting consumers towards a smart and sustainable energy culture. The
aforementioned research objectives and results are incorporated in four separate manuscripts, which

are integrated within Chapters 4 — 7 of this dissertation (Figure 2 and Figure 3).

10 As articulated in detail in Chapters 2 and 4, the shift towards a smarter and more sustainable energy culture
involves the adoption of new technologies and efficiency measures, shifts in energy practices and changes in
norms surrounding energy management.
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Figure 2 Applying the smart residential energy cultures framework to the dissertation research, adapted
from (Lazowski et al., 2018; Stephenson, Barton, et al., 2015; Stephenson et al., 2010)

Several elements are brought together within the eight chapters of this dissertation. These
chapters incorporate an overview of the research (Chapter 1), a review of the relevant literature
(Chapter 2), a description of the methodology utilized throughout the dissertation research (Chapter
3), the research outcomes and respective insights in four manuscripts (Chapters 4—7), and a
presentation of the conclusions and recommendations as an outcome of the dissertation research
(Chapter 8) (Figure 3). In Chapters 4 and 5, the EHMS case study assesses both the internal and
external influences, and related nuances, surrounding changes in residential energy cultures following
smart grid program engagement. Specifically, Chapter 4 focuses on the nuances of energy cultures
and household energy management changes during participants’ involvement in the smart grid
program. Chapter 5 concentrates on the capability of EHMS intervention mechanisms to re-engage
participants in energy management practices. In Chapter 6, the IHD case study highlights types of
consumer segments and how different types of consumers respond to smart meter-enabled energy
feedback. In Chapter 7, the engagement model paper studies how to develop effective ‘external
influences’ for more sustainable energy culture transitions by a review of the literature and a proposal

for an integrated model for intervention design. Figure 3 outlines the chapters of the dissertation.
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Together these research chapters present research results and insights for engaging residential smart

grid consumers beyond the meter for household energy management.

s N

Chapter 1: Introduction

| J

7

Chapter 2: Literature review

.

4 3\

Chapter 3: Methodology

| J

Chapter 4: EHMS case study paper 1 - Towards a smart and sustainable residential energy culture: assessing
participant feedback from a long-term smart grid pilot project

4 3\
Chapter 5: EHMS case study paper 2 - Re-engagement in a long-term smart grid study: Influences on household
energy management practices

| J
Chapter 6: In-home display analysis paper - Who's responding anyway? Assessing segment-specific responses to
real-time energy displays

4 3\
Chapter 7: Engagement model paper - ENGAAGGE: Towards an integrated model for collective change

| J
Chapter 8: Conclusions and recommendations

Figure 3 Overview of dissertation chapters
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2. Chapter 2 — Literature Review

2.1 Introduction

To study consumer engagement with the smart grid a holistic approach to understanding the
related literature was developed in alignment with the energy cultures framework utilized in this
dissertation research (Figure 4). Consequently, this literature review, framed within the energy
cultures framework covers five fundamental areas of literature. First, the smart grid technology
literature provides an overview of both the internal and external material culture related to smart grid
transitions. Second, the energy geography literature highlights the scales of energy cultures within
energy landscapes. This literature ties together spatial scales (micro-to-macro) of consumption,
innovation, governance, and engagement by studying energy consumption across space and time.
Third, the energy policy and governance literature align with the contextual factors and design of
external factors influencing energy cultures. This area of literature highlights the rules and structure
for energy access, consumption, and sustainability, and identifies novel governance methods and key
actors. Fourth, the socio-technical transitions literature aligns with the contextual factors and design
of external factors influencing energy cultures. This area of literature develops how innovations in the
energy landscape transform and how they are conceptualized. This topic area also highlights the roles
of actors, artifacts, and systems in energy innovations. Fifth, the literature on energy behaviour,
engagement, and design provides insights into the interconnections between materials, practices, and
norms within energy cultures. This literature highlights factors of consumption, conceptualizes how
society and individuals respond to interventions, and identifies intervention and technology design
strategies to shape consumption. Overall, covering these areas of literature provides a holistic

understanding of the nuances of energy cultures within the context of the smart grid.
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Figure 4 Conceptual framing of literature review

2.2 The smart grid: An introduction

Technological innovations in the form of smart grid technologies present several
opportunities for managing household energy consumption. The smart grid applies modern
communication infrastructure to the electricity grid and enables two-way communication between
utilities and consumers (Depuru, Wang, & Devabhaktuni, 2011; Miler & Beauvais, 2012). Multiple
stakeholders have defined the smart grid (e.g., policymakers, consumer groups, technology forums);
however, the main elements incorporated in these definitions include renewable energy and storage
integration, information and communication technologies, and increased grid capabilities that are
secure, sustainable, and economic (CEA, 2017). In contrast, traditional centralized grids provide a
one-way flow of communication where the utility operator is the primary collector and transmitter of
information. As a result of the increased flows of both information and electricity, the smart grid
‘connects consumers to control rooms’ and consists of several elements, including smart
meters/panels, monitoring and control mechanisms, communication infrastructure, and energy storage
(Gelazanskas & Gamage, 2014; IESO, 2015). The smart grid is defined as an “...electric grid able to

deliver electricity in a controlled, smart way from points of generation to consumers, which are
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considered as an integral part of the [grid] since they can modify their purchasing information,
incentives and disincentives,” (Siano, 2014, p. 462). Ultimately, this transformation with advanced
metering technology introduces capabilities for increased energy feedback, dynamic pricing,
distributed energy generation and CDM (Strengers, 2013). Smart grid policies, and related programs,
have been introduced across several regions including the United Kingdom, the United States, the
European Union, China, Australia, Japan, Canada (Ehrhardt-Martinez, Donnelly, & Latner, 2010;
Faruqui, Sergici, & Sharif, 2010b; Pullinger, Lovell, & Webb, 2014; Sovacool, Kivimaa, Hielscher,
& Jenkins, 2017; Yang et al., 2017). The widespread interest and application of the smart grid bring
opportunities for studying the role of smart grid technologies for conservation and demand

management and sustainable energy transitions.

2.2.1 Elements of the smart grid

The smart grid operates at different scales: the household level, the community level, and the
main grid level (Figure 5)(Geelen, Reinders, & Keyson, 2013). Consequently, smart grid technologies
are not just applicable to the macro-level, they consist of technologies available at the household-level
and involve a range of product offerings, often including micro-generators, storage systems, smart
appliances, smart meters, time-variable prices and contracts, energy monitoring, and control systems
(Darby, 2008, 2010). Therefore, the smart grid incorporates flows of energy data alongside energy
transmission. As a result of this potential for distributed generation and increased end-user

participation, end-users become co-providers instead of passive consumers (Geelen et al., 2013).

Microgenerators

Storage

Appliances

Smart meter

Monitoring & control

] . ) Generator
Time variable prices,
contracts

Household level Community level ___Main grid level

Figure 5 Schematic overview of the categories of products and services of a smart grid, source: (Geelen et
al,, 2013)
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The main components that constitute a residential smart grid connection include a smart
meter, communication infrastructure, smart home appliances and devices, and control devices for the
optimization and automation of consumption. Smart meters measure consumption while providing
additional services beyond that of a conventional meter (Darby, 2010; Sovacool et al., 2017). Smart
meters can log the quantity of electricity use by time of day, enabling real-time data collection and
feedback, and can also record power quality, disturbances and events within the electricity grid
(Depuru et al., 2011; Lysyk, 2014; O’Malley, 2014). This capability can provide services for energy
efficiency, security, as well as convenience, and comfort in the electricity grid (Yang et al., 2017).
Whereas a conventional consumer only has a manual collection of consumption information, a smart
meter system provides a gateway to more in-depth consumption information that may achieve
consumption reductions within the household (Figure 6). The facilitation of increased control and
feedback can enable ‘demand-side intelligence,” allowing consumers to see real-time electricity cost
and consumption information to reduce overall demand and shift consumption patterns, and thus the
stress on the electricity system (ISGAN, 2012, p. 12). As household consumers are critical
stakeholders in the residential electricity grid, incorporating their engagement with the smart grid
system is essential for achieving the goals associated with smart grid implementation (Anda &
Temmen, 2014). The human dimension of smart grid systems is a crucial aspect that must be
incorporated to achieve effective CDM policy development.

Conventional Energy Meter

Residential or

. Conventional Manual collection -
Industrial / o
Cr;:;n:; — Energy Meter — ofidata =" Manual billing

Smart Meter System

Residential or
Industrial ==} Smart Meter Database

customer @ @

Communication _ Communication
. X = Gateway =1 . .
interface/ protocol ’ interface/ protocol

Figure 6 Metering architectures of conventional energy meters and smart meters, Source: (Depuru et al.,
2011)

2.2.2 Smart home energy management: A new suite of ‘tools’

The creation of the smart grid has resulted in the development of technologies for home

energy management (HEM) a new classification of smart grid tools within the household exist,
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including those that are smart controlled and those that are user controlled. HEM technologies consist
of a variety of products, with the main objectives of reducing peak demand, increased resource
management, and increasing consumer benefit through increased control and reduced volatility (Ford,
Stephenson, Brown, & Stichler, 2014). Karlin, Ford & Squires (2013), developed a classification of
smart grid technologies for residential energy feedback, consisting of nine categories: information
platform, management platform, appliance monitor, load monitor, grid display, networked sensor,
closed management network, and open management.

LaMarche et al. (2012) identify these smart devices in three categories. The first is control
devices, which allow for consumer- or utility-controlled capabilities. This function can deliver control
over multiple devices (centralized), for a single device (device-level), or incorporated within a
specific device (onboard). Ford et al. (2014) further describe this as either ‘smart’ control, or user-
centred control through the facilitation of appliance use scheduling; remote/autonomous load
switching via utility signal; standby appliance automatic shutoff; smart appliance usage via external
data (e.g., environment, utility load); user-enabled remote schedule/control, and; prompts for
increased consumer management. The second category, user interfaces, can provide direct feedback
or indirect feedback to the consumer. Enabling technologies, the third category, involve the sensors,
communications and communications protocols facilitating the collection, transfer, and display of
feedback (Karlin et al., 2013; Lamarche et al., 2012). At the household level, this includes a home
control unit for communication with the appliance network, smart appliances, a display for feedback
or control, as well as the ability to communicate within the network (Ford et al., 2014). These
capabilities deliver smart control and user-centred control.

The progress of the smart grid, and HEM technologies transform the home from disconnected
appliances and energy bills towards a smart home energy network. This technological ecosystem
integrates a household ‘hub’ facilitating the control and automation of appliances, the connection to
storage, electric vehicles, and opportunities for renewable micro-generation. Consequently, these
HEM technologies provide opportunities for consumers to become ‘prosumers’ where they are active
participants within the energy grid (e.g., managing, producing, and storing energy), transitioning the
structure form top-down distribution, to a network of engaged players at different scales (Goulden et
al., 2014; Leiva, Palacios, & Aguado, 2016; Yang et al., 2017). In particular, this shapes a new kind
of consumer. According to the SGCC (2016a), in comparison to five years ago, consumers have a
stronger sense of value towards the smart grid’s ability to increase renewable integration and are

increasingly eager to adopt new technologies.
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2.2.3 Smart grid opportunities

The importance of smart grid infrastructure as a component to enable electricity efficiency is
widely proclaimed in the literature, with benefits for consumers, utilities, and society (Darby, 2010;
Romer, Reichhart, Kranz, & Picot, 2012; Sovacool et al., 2017). Particular residential smart devices
installed in conjunction with advanced metering infrastructure (AMI) (e.g., smart thermostats, smart
appliances, and optimization features) are predicted to also offer a range of household energy savings,
including other benefits including comfort, conveniences, and security (Darby, 2018a; Tirado Herrero
et al., 2018). Additionally, as outlined by Kaufmann et al. (2013), and further emphasized by the
SGCC (2016a), customers see and the benefit of the smart grid, which can potentially lead to the
successful uptake of this technology. Therefore, this highlights a range of demand management
opportunities from residential smart metering infrastructure and technologies in various geographical
locations.

Advanced metering infrastructure is being implemented worldwide, including in North
America, Europe, Australia, and Asia (Depuru et al., 2011; Ehrhardt-Martinez et al., 2010; Faruqui et
al., 2010b; Pullinger et al., 2014; Sovacool et al., 2017; Yang et al., 2017). Studies addressing the
ability of this technology to impact electricity behaviours in a range of continents have taken place.
Faruqui, Sergici, and Sharif (2010) analyzed twelve residential smart grid programs throughout North
America, Australia and Japan identifying a range of 7-13% of energy savings in these programs.
Martinez and Donnelly (2010), provided a meta-analysis of fifty-seven residential energy feedback
programs throughout the United States, Canada, Japan and Australia, showing an average savings of
4-12%. An average savings of 3% was experienced in 18,000 homes across the United Kingdom
(Hargreaves, 2018). Reductions in consumption related to the smart grid are predicted to be 5-15%
(Verbong et al., 2013). However, particular elements need to be considered when investigating these
ranges of savings. As identified by Delmas et al. (2013b), optimistic findings in energy feedback
trials could be from less robust studies. The range of savings identified highlights the variability in
how individuals respond to feedback for energy management (Darby, 2006; Sovacool et al., 2017).

Particular attention also needs to be paid to the claims of 30% energy savings from smart
home devices used in conjunction in the smart grid (e.g., smart thermostats, smart lighting, smart
appliances, etc.,) (Tirado Herrero et al., 2018). A limited number of studies have been completed in
realistic environments (Darby, 2018a; Hargreaves, Wilson, & Hauxwell-Baldwin, 2018; Tirado
Herrero et al., 2018). Additionally, these smart home technologies might promote energy-intensive
lifestyles, such as convenience, comfort, or security, that may limit the potential savings (Darby,
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2018a; Ford, Pritoni, Sanguinetti, & Karlin, 2017; Gram-Hanssen & Darby, 2018; Hargreaves et al.,
2018; Tirado Herrero et al., 2018). Therefore, although there is a range of projected and measured
savings, the opportunities for CDM presented by the smart grid and related smart home technologies,
remain variable depending on socio-technical factors.

The smart grid can significantly impact future energy scenarios through enabling renewable
energy opportunities, increase electric transportation, complement electricity pricing mechanisms
such as TOU pricing (Blumsack & Fernandez, 2012). The literature has identified several key socio-
technical possibilities from smart grid technologies. Firstly, the smart grid can provide increased
resilience and reliability in the electric grid through improved communication systems and the ability
to ‘self-heal’ during large system issues, which can reduce costs to utilities, consumers, and society.
Additionally, security is improved through advanced monitoring, while energy independence is
gained through localized energy generation and distribution (Stephens et al., 2015). Secondly, the
smart grid can help consumers to reduce their electricity use and match price signals to reduce their
costs. Thirdly, the smart grid offers significant benefits for the environment, including supporting the
large-scale deployment of renewables, contributing to adaptation and mitigation, increasing the
electrification of transportation, and reducing the carbon intensity of the electricity system. Lastly, the
smart grid encourages citizen empowerment by facilitating active engagement in the generation and
management of the electricity system at various scales (Stephens et al., 2015). With increased
feedback, this increases the potential for consumer awareness and knowledge of billing and
opportunities for micro-generation as well as for conservation (Burgess & Nye, 2008). As presented
by Stephens et al., (2015, p. 25), “information is power: if consumers have more information, they
have more control, and play an active role in aligning their priorities with management of their
electricity systems.” Advanced metering infrastructure provides specific benefits across stakeholder

groups, including end-users, electricity retailers, network operators, and generators (Figure 7).
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Figure 7 Benefits for critical stakeholders, Source: (Adna & Temmen, 2014)"

A significant possible outcome of this smart grid interconnectivity is the transformation of the
roles of energy users through citizen engagement, where customers transform from passive ‘energy
consumers’ to actively engaged ‘energy citizens’ or ‘prosumers’ who contribute to the electricity grid
through production (Burgess & Nye, 2008; Goulden et al., 2014; Miler & Beauvais, 2012; Stephens
et al., 2015). A variety of ‘tools’ to engage consumers with the interconnectivity of the smart grid
system have been created, including web applications and in-home displays (IHDs) for real-time
consumption feedback, system automation and optimization functions, and the integration of smart
appliances. Additionally, householders can participate in renewable micro-generation and energy
storage (Geelen et al., 2013; Stephens, Wilson, Peterson, & Meadowcroft, 2013). A variety of studies
have assessed the ability of these technologies to reduce consumption in a range of continents
(Ehrhardt-Martinez et al., 2010; Faruqui, Sergici, & Sharif, 2010a; Verbong et al., 2013). Therefore,
highlighting the potential demand-side management (DSM) opportunities for smart grid technologies.

2.2.4 Smart grid challenges

The potential shortcomings of the smart grid should also be noted. First, the implementation
of the smart grid can lead to increased vulnerabilities to cyber-attacks to disrupt the energy system or
to steal confidential information. Therefore, bringing energy system concerns about the security of
consumer data and vulnerabilities from malicious attacks. Second, weakened economic conditions
can take place if market volatility occurs and through the decentralization of the energy grid,
otherwise known as the ‘utility death spiral’ (Stephens et al., 2015). Third, the decentralization of the

energy grid has the potential to integrate additional challenges to the electricity grid, including the

"' In Figure 7 RES refers to renewable energy system and ESS refers to energy storage system.
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volatility of daily energy demand and renewable energy generation; the uncertainty of renewable
energy generation capabilities, and; the stability difficulties introduced to the distribution grid as a
result of integrating renewables and electric vehicles. Fourth, a challenge for system-wide smart grid
development is the requirement of significant upfront investment; thus, requiring innovative financing
structures for broad-scale change, where utilities might not uphold the entire cost. Fifth, if consumers
become isolated, and their privacy compromised, it can result in citizen disempowerment (Stephens et
al., 2015). Sixth, the integration of renewables can introduce volatility of daily energy demand and
renewable energy integration. Gangale et al., (2013) also acknowledge smart grid challenges,
including the lack of consumer trust, and the uncertainties of different regional factors effecting
policy implementation. Seventh, particular DSM challenges exist for smart grid implementation and
achieving related goals. As identified by Ellabban et al. (2016) this includes consumer behaviour,
security and privacy as well as the interoperability of the system. Lastly, vulnerability and poverty, as
well as consumer resistance and ambivalence, can present additional challenges for smart metering
rollouts (Sovacool et al., 2017). Therefore, although the smart grid presents economic, environmental,

and societal opportunities, specific challenges exist for its effective implementation.

2.2.5 Beyond the smart grid: Consumer engagement for the development of ‘smarter’

consumers

As noted by Anda and Temmen (2014), and further emphasized by Ellabban et al. (2016),
benefits from the smart grid can only be achieved through the cooperation and engagement of end-
users. Methods of engaging customers can include value-added services, such as feedback devices,
analytical tools, flexible billing cycles and dynamic rate plans, mobile applications, emails, short
message service (SMS) and interactive invoicing, and public information (Anda & Temmen, 2014).
Using multiple intervention types to address the behaviour can stimulate change (Stern, 2000). As
mentioned by Delmas et al., (2010) while theory suggests that information programs may be
effective, the empirical evidence indicates important differences in effectiveness based on the type of
information provided. This is further influenced by consumer type and context (e.g., socio-economic
level, education, income, age, etc.,) as discussed later in this literature review (Abrahamse & Steg,
2009; M. Brown, 1984, 1985; Costanzo, Archer, Aronson, & Pettigrew, 1986; Kowsari & Zerriffi,
2011; Lutzenhiser, 1993; Mills & Schleich, 2012). Understanding which interventions are the most
effective, and to which type of consumers, is essential for the development of policies and programs

surrounding energy conservation. To date, the keys to successfully engaging consumers with smart
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metering data are still relatively unknown, highlighting a crucial opportunity for identifying the
effective means of delivery and presentation of smart metering data for successful consumer
engagement (SGCC, 2016a). Therefore, further investigation into the impact of specific interventions
on residential conservation behaviour in smart grid projects is necessary.

At the root of this opportunity to create demand-side intelligence and to empower users
through real-time consumption data, a key question remains: How can residential consumers be
engaged and re-engaged in the smart grid for the shift towards a smart and sustainable energy
culture? Although these opportunities seem favourable, the potential of smart grid tools for shifting
consumption demand ought to be examined in detail. The following sections evaluate the literature on
the scales of energy governance, factors influencing household energy consumption, as well as the
theoretical applications for further understanding and facilitating the creation of a ‘smart’ energy

culture, within a residential context.
2.3 Scales of energy governance and consumption

2.3.1 Energy geography

The concepts of space, place, and scale, which are examined in energy geography,
substantially influence the energy landscape. Energy geography provides insights on the scale and
spatial attributes related to the human-environment relationship of energy consumption. As stated by
Zimmerer (2011, p 706), “Geography is central to understanding and addressing the current energy
dilemmas.” Energy geography has focused on resource management, studying the inter-relationship
between ‘man’ and the environment in regards to energy (Chapman, 1989) and the modes of
production, distribution, use, and interactions of ‘energy landscapes’ (Calvert, 2015).

Over the past several decades, energy geography has transformed from a purely resource
focus to a multidisciplinary field with socio-political research outcomes (Chapman, 1989,
2009)(Figure 8). Early studies involved a resource and economic geography perspective with a
managerial and positivist lens (Calvert, 2015). During this shift, the role of geography in energy
policy was emphasized as significant, since fixing future problems “...depends considerably on our
ability to identify and understand the workings of energy in our societies and economies” (Willbanks,
1985, p. 506). This pivotal development involved the acknowledgement of the social element in

energy studies and the importance of energy conservation.
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Figure 8 Timeline of energy geography research (1900-Present), sources: (Calvert, 2015; Calvert &
Simandan, 2010; M.J. Pasqualetti, 2011; Martin J. Pasqualetti & Brown, 2014; Solomon et al., 2003)
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With the increased incorporation of socio-economic studies, energy geographers are well
positioned to provide scientific and policy contributions to solving energy dilemmas. This emergence
of ‘new geographies’ involves the assessment of energy landscapes while combining multiple
perspectives and skills focusing on environmental change and resource use and integrating
multidisciplinary contributions (Riordan, 1970; Zimmerer, 2011). Theories, concepts, positions, and
techniques from numerous knowledge areas have been integrated into energy geography, providing
meaningful and thoughtful research into the complex problems of energy. Consequently,
“Geographical approaches are best conceived as an academic borderland,” and ‘energy geographies’

is a more appropriate label for this field of study (Figure 9)(Calvert, 2015, p. 4).

Computer

Environmental
Engineering

Rermote Science
Sensing
\\ --------------------- -~
Sociolegy ‘,;‘ GiScience & «..
4 z Cartography * A Ecology
e
~

------------------- -~
),a" “ ~~~~~~~~ :
:”’ N l:”\\ /’ \‘\
/ Human Ao ” ~* Physical ] ;
L BT St T e - ]
A Geography <. T ) -y h = Thermodynamics
\ o --\X..,--- .. Geography ,
‘!, P ! e 'r’
-

e T A Y
" T dumammm =" / o p-
Political \ ¥
Sci N\ Na}un ”.dm . 7 Metecrology
cience ., Huplan-environment .~
e P 3
e -f _______________ \
Political
Vd Ecology
/
/

Ecological
Economics

Energy Geographies

Figure 9 Fields covered in energy geography, source: (Calvert, 2015)

The study of energy efficiency and conservation in geographical studies has contributed to
the understanding and potential of various policies and programs for conservation, in particular,
residential conservation and incentives (Solomon et al., 2003). Energy geographers have also
identified the importance of examining beyond technology and focusing on energy consumers, and
different types of energy consumers, presenting opportunities for additional progress in this area
(Solomon et al., 2003). Incorporating elements of behavioural geography is important to understand
the sense of ‘place’ and its relation to household decision-making surrounding energy consumption in
more detail. Since energy geography is, as identified by Calvert (2015), at ‘an academic borderland,’
it is also crucial to further integrate this holistic, integrated view to develop the study of ‘conservation

landscapes.” The study of consumption landscapes provides essential examples of technological drive
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in energy use, including energy grids and networks (Zimmerer, 2011); however, the transition to

conservation studies has remained limited. What is needed is a focus on ‘demand management’ and

‘energy innovation landscapes.” As demand management and clean energy transitions develop,

investigating opportunities for these applications in energy geography research can contribute

valuable knowledge for energy policy development.

2.3.2 Governing energy transitions

Similar to the production, transmission, and consumption of energy, energy governance is

inherently linked to socio-spatial entities at various scales. Governance has been defined in different

ways by multiple entities (Table 2). In this dissertation, governance involves the formal and informal

rules that control societal aspects within jurisdictional boundaries and involve participation from

multiple actors (e.g., the state, public and private sector, and community-level actors).

Table 2 Definitions of governance, source: (Sano, 2007)

Institution

Definition

The World Bank, 1994

The Commission on
Global Governance

International Institute
of Administrative
Sciences, 1996

The UNDP, 1997

The European Union,
2001

Departmental for
International
Development (DFID),
UK, 2001

The manner in which power is exercised in the management of a country’s
economic and social resources for development

Governance is the sum of the many ways individuals and institutions,
public and private, manage their common affairs. It is a continuing
process through which conflicting or diverse interests may be
accommodated and co-operative action may be taken

Governance refers to the process whereby elements in society wield power
and authority, and influence and enact policies and decisions concerning
public life, and economic and social development. Governance is a
broader notion than government. Governance involves interaction between
these formal institutions and those of civil society

The exercise of economic, political, and administrative authority to
manage a country’s affairs at all levels

Governance means rules, process and behaviour that affect the way in
which powers are exercised, particularly as regards to openness,
participation, accountability, effectiveness, and coherence

We use governance to mean how the institutions, rules, and systems of the
state — the executive, legislature, judiciary, and military — operate at
central and local levels and how the state relates to individual citizens,
civil society, and the private sector

Traditional and idealized forms of governance involve strong government involvement, such

as market-based and regulatory approaches (Armitage, De Loé€, & Plummer, 2012). ‘New

governance,” involves collaborative approaches between government and nongovernmental actors

(Lockwood, Davidson, Curtis, Stratford, & Griffith, 2010). These hybrid structures aim to provide
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adaptive and flexible solutions at scales suitable to address complex issues while gaining knowledge
from a diversity of actors. Additionally, these hybrid approaches help to further develop the roles,
legitimacy and accountability of new actors (Armitage et al., 2012). These new connections fused
between public and private sectors as well as civil society actors include mechanisms for public-
social partnerships, public-private partnerships, private-social partnerships, and, ultimately, public-
private-social partnerships (Delmas & Young, 2009). This new governance approach allows for

dynamic and fast approaches for managing resources and governing complex issues.

2.3.2.1 Energy governance

Research on energy governance and policy provides insight into elements of energy control
and access, mechanisms for management, and the influences of actors at various scales (e.g., global,
national, regional). Energy governance involves the creation and application of rules to ensure that
the ‘collective actions’ of production and consumption do not result in unfavourable outcomes and is
motivated by goals of energy access, affordability, sustainability, and security (Florini & Sovacool,
2011; Van De Graaf, 2013). Energy governance has transitioned from traditional forms of
government and market instruments to the governance of sustainability and environmental impacts
through hybrid mechanisms (Armitage et al., 2012; Helm, 2002; Lemos & Agrawal, 2009). Hybrid
governance models include multilevel frameworks and synergies between actors in the civil society
and the private and public sectors; however, government participation is still necessary to avoid
substantial negative climate change impacts (Armitage et al., 2012; Delmas & Young, 2009;
Lockwood et al., 2010). Certain actors, goals, and challenges associated with each scale of energy

governance, and the interplay among scales, have been identified in the literature (Table 3).
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Table 3 Elements of energy governance from global to household scales

Scale of Energy Actors Goals and Objectives Challenges
Governance and
Policy
Global & Intergovernmental Control and access of Disjointed landscape of
Continental organizations (e.g., IEA), public goods (Florini & inter-state energy
Summits (e.g., G8), Sovacool, 2009); security governance; multiplicity
International NGOs (e.g., of supply and demand; of actors in energy
REEEP), economic development; lifecycle; lack of
Multilateral Banks (e.g., international security; integration of national
Asian Development Bank), | environmental protection energy policies at the
Hybrid entities, and sustainability; and global scale (Dubash &
Transnational networks, domestic good governance | Florini, 2011)
International energy (Van De Graaf, 2013; Van
companies de Graaf & Colgan, 2016)
(Dubash & Florini, 2011;
Florini & Sovacool, 2009;
Van De Graaf, 2013)
National — Federal Government Provincial renewable Diverse supply of energy;
Provincial Provincial Government energy generation and National dependence on
(Canada) Neighbouring Government | sustainable energy the U.S. for energy
NGOs management goals development;
Community actors (Ferguson-Martin & Hill, Division of policy
Private firms 2011; Stokes, 2013); between national and
Utility companies provincial decarbonization | provincial powers; and
strategies (Doern, 2005; increasing unevenness of
Rosenbloom & national sustainable
Meadowcroft, 2014); and energy policy
overarching federal development (Doern &
influences on provincial Gattinger, 2003;
energy policy Rosenbloom &
developments through Meadowcroft, 2014;
climate goals (Doern, Rowlands, 2008;
2005; Doern & Gattinger, Winfield, 2008)
2003; Winfield, 2008)
Regional/Local | Local government Reduce climate change Jurisdictional issues;
Local NGOs impacts through goals and | financial resource
Community actors strategies set in community | constraints; capacity and
Private firms energy plans (Denis & experience issues; and
Utility companies Parker, 2009; Tozer, 2012) | stakeholder behavioural
Local champions Improve resiliency and barriers (Denis & Parker,
energy security at the 2009; Tozer, 2012)
community-level (Hoicka
& MacArthur, 2017)
Household Individual actors To effectively manage Resource constraints,

Utility companies
Local NGOs
Provincial Government
and regulators

household energy and meet
personal goals (e.g.,
economic, or
environmental)
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The energy governance and policy literature emphasizes there is no ‘one-size-fits-all’
approach for governing energy and implementing policies (Egmond, Jonkers, & Kok, 2006; Florini &
Sovacool, 2009; Rowlands, 2008); however, inconsistencies at each scale can result in poorly
developed energy transitions (Florini & Sovacool, 2009, 2011). The lack of energy policy integration
at different scales can obstruct overarching goals for climate change (Parker et al., 2003; Rowlands,
2008; Winfield, 2008). The theme of disjointed governance and policy is evident in the global energy
governance literature, as well as in Canadian energy policy development (Doern, 2005; Egmond et
al., 2006; Florini & Sovacool, 2009; Rowlands, 2008; Winfield, 2008). Additional complexities arise
with the development of innovative energy technologies, such as advanced metering infrastructure.
Therefore, presenting opportunities to integrate technical and governance knowledge areas in the

study of the energy consumption landscape.

2.4 Socio-technical transitions and sustainable energy transitions

The transition'? to a sustainable energy system involves the adoption of innovative
technologies at various levels of the energy consumption-production landscape. Energy transitions are
inherently socio-technical because they involve users and institutions in addition to infrastructure.
Therefore, these transitions involve the social acceptance of related technological developments at
socio-political, market, and community levels (Wustenhagen, Wolsink, & Burer, 2007). Several
interrelated factors can cause a transition from one source of energy to another: increased prices of
existing source and decreasing cost of alternative source; extreme environmental pollution from
existing energy source; negative social impacts; energy supply shortages or depletion; technological
change; changes in local economic activities, or; developments of new local resources (Solomon &
Krishna, 2011).

The literature of socio-technical transitions contributes valuable insights into the integration
of advanced energy technologies within the energy landscape. The socio-technical transitions
literature moves beyond traditional technological transitions by incorporating artifacts, knowledge,
resources, capital, and the interaction of human actors at multiple levels to the conceptualization of

innovations (Geels, 2002, 2004). The multi-level perspective (MLP) framework assesses socio-

12 This dissertation applies the term transition as change revolving around the complex interactions among
economic, technological, social, and political factors, and the stabilization and transformation of dominant
socio-technical practices (Meadowcroft, 2010).
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technical transitions through three levels: niche, regime, and landscape (Calvert & Simandan, 2010;
F. W. Geels, 2002, 2005, 2010; Frank. W. Geels & Schot, 2007).

The emergence of socio-technical transitions occurs from a shift in the stability of the regime-
level network. As a result of the introduction of radical innovations, and the stabilization of a
dominant design within niche-level markets, breakthroughs in mainstream markets can cause pressure
on stable regime developments, otherwise known as a ‘niche-push.” Additional pressures from
landscape-level factors, such as changes in legislation and persistent problems, catalyze long-term
development. Social change and internal, or external, pressures can cause regime-level changes
(Smith, Stirling, & Berkhout, 2005). Adjustments in the regime through incremental changes in
industry, user practices, or infrastructure results in a ‘heating up’ of the transformation, and an
eventual ‘cooling down’ once the regime-level changes have been established (F. W. Geels, 2005;
Frank. W. Geels, 2004).

The MLP highlights and accommodates the complexity of sustainability transitions and has
been applied to studies in sustainable energy transitions (F. W. Geels, 2011; Rosenbloom &
Meadowcroft, 2014; Verbong & Geels, 2010); thus, providing valuable knowledge on the socio-
technical dynamics of the energy consumption landscape. Calvert (2015) identifies a substantial
opportunity for geographical approaches to socio-technical energy transitions in the development of
energy geography. Energy transitions have been a central focus of energy geography studies, with
transitions in the 21% century taking place more rapidly, focusing on energy efficiency, smart grid
promotion and renewable energy strategies (Solomon & Krishna, 2011). Developments can
incorporate spatial sensitivity of energy studies, recognize the multiplicity of actors and networks, and
create a link to the broader spatial transitions literature (Calvert, 2015; Coenen, Benneworth, &
Truffer, 2012).

State intervention and policy reform are often mandatory within sustainability transitions
(Meadowcroft, 2009); however, there is a lack of understanding regarding the agency of different
actor groups and the role of governance in socio-technical transitions (Markard, Raven, & Truffer,
2012). The complexity and uncertainly of sustainability transitions deliver difficulties for governing
and planning for end-states across jurisdictions. Due to this complexity and uncertainty, additional

theoretical framings for deeper understanding towards energy and going ‘beyond’ behaviour-based
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approaches have been called for within the energy literature.'® In particular, Walker and Shove (2007)
call for new conceptualizations of innovations to incorporate user practice across space and time to
address both this complexity and uncertainty. Therefore, the literature on energy policy, energy
governance, as well as social acceptance and behavioural theories, can supplement this knowledge

arca.

2.4.1 Opportunities to understand user adoption of socio-technical innovations

Within this hierarchical approach to innovations, it is imperative to understand the actors
involved within each level and their behavioural characteristics. This is particularly important for
energy transitions, as the social acceptance of energy innovations involves acceptance at socio-
political, market, and community scales, influenced by factors at each level (Wustenhagen et al.,
2007). Consequently, the MLP approach often has a technological bias towards focusing on the
innovation itself, rather than considering underlying social factors. As identified by Walker and
Shove (2007), individual-level decision-making and adoption of innovations are missing from the
socio-technical transitions literature. As stated by De Haan and Rotmans, (2011, p. 92) transitions
“could be a fundamental change in the structures, cultures and practices of a societal system,
profoundly altering the way it functions.” The process of a massive systematic shift in innovation
requires, not just the adoption of new technologies and policies, but also the adoption of micro-level
system changes embedded in social practice and daily habits and routines. These elements are

particularly critical for understanding the adoption of residential energy conservation initiatives.

2.4.1.1 Diffusion of innovations

At the consumer-level of system innovation, the rate of adoption and diffusion is important
for large-scale system change. The diffusion of innovation involves the gradual adoption of
innovation within a social system through specific communication channels (Jaffe & Stavins, 1994;
Rogers, 1995). Discontinuous innovations require adopters to alter their current behaviour, whereas
continuous innovations require no change in adopter behaviour (Egmond, Jonkers, & Kok, 2005).
Several variables impact the rate of innovation adoption, namely: the perceived attributes; the type of
innovation decision; the type of communication; the nature of the social system, and; the extent of the

promotion efforts (Rogers, 1995). In a residential setting, perceived compatibility is an important

13 Although uncertainty is an important consideration for energy governance and macro-level policy
approaches, for the purpose of this dissertation, the focus remains on the complexity of smart grid applications
specifically at the residential scale.
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predictor for the adoption of conservation interventions (Vollink, Meertens, & Midden, 2002).
According to Vollink et al., (2002), perceived high-levels of advantage are primary elements for
maintaining consumers’ interest in energy conservation interventions. Additionally, adopters can be
categorized by the time in which they adopt the innovation (Figure 10). At the individual level, the
decision process for adopting an innovation involves knowledge, persuasion, decision,
implementation, and confirmation. Although the diffusion of innovations provides insights on the
widespread adoption of technologies, it does not include the individual behavioural components and
the capabilities for adopting a new product, which is developed in more detail in the technology

acceptance model (TAM).

Early Early Late
Innovators  Adopters Majority Majority Laggards

Figure 10 Diffusion of innovations curve and adopter categories, sources: (Moum & Thomsen, 2017;
Rogers, n.d., 1995, 2004)

2.4.1.2 Technology acceptance model (TAM)

The TAM was originally proposed by Davis (1985) and was a development of the Fishbein
and Ajzen’s 1967 Theory of Reasoned Action (TRA) (F. D. Davis, 1985; Fishbein & Ajzen, 1975).
TAM aims to provide an explanation behind user acceptance of information systems and computer
technologies, while involving a broad range of consumer behaviour (Figure 11 )(F. Davis, Bagozzi, &

Warshaw, 1989).

Perceived
Usefulness *

(V) N~

Attitude Behavioral Actual
Toward Intention to System Use
Using (A) Use (BI) v

Perceived
Ease of Use

(E)

External
Variables

Figure 11 Technology acceptance model, source: (F. Davis et al., 1989)
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In comparing both the TRA and TAM for the acceptance of computer technology within
firms, a study by Davis et al., (1989) identified that individuals’ behavioural intentions easily
predicted their computer use; however, the TAM model further identified that perceived usefulness
and perceived ease of use were the primary and secondary determinants for intention of use,
respectively. Over the past few decades, the TAM has been applied to various types of system
acceptance (Y. Lee, Kozar, & Larsen, 2003). However, the TAM is not without limitations, as past
studies have focused on single measurement scales, self-reported usage, limited application of
external variables as well as, limited longitudinal studies (Y. Lee et al., 2003). Thus, there are
opportunities to develop this area of research.

Although a primary strength of this model is the validation of ‘intentions of use’ as a main
determinant for technological acceptance, use intention is complex and can be influenced by a variety
of factors. Ford et al., (2014) highlight the relevance for the TAM for adoption, uptake and use of
residential smart grid and HEM technologies. Additionally, they highlight Venkatesh and Bala’s
(2008) development of TAM, to identify additional influencing factors for technological acceptance
(Figure 12). In particular, this includes a more descriptive account of the factors influencing the
perceived usefulness and the perceived ease of use. Ford et al. (2014) also address the complexity by
defining crucial external elements for consideration in the development of HEM technologies for their
successful adoption and use for sustainable behaviours, including: voluntariness, experience,
subjective norm, image, relevance of technology, output quality, result demonstrability, self-efficacy,
perceptions of external control, technology anxiety, technology playfulness, perceived enjoyment,
and objective usability. Therefore, the TAM acknowledges the multitude of factors influencing

technological acceptance, which is also relevant for studying HEM acceptance and use.
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Figure 12 Technological acceptance model adapted by Venkatesh and Bala (2008), source: (Ford et al.,
2014)

Although the TAM has some benefits, one particular weakness of this model is its failure to
address the importance of goal-setting in achieving the desired behaviour, which is a critical element
of individual behaviour (Bagozzi, 2007). Therefore, additional factors and approaches that address
socio-technical elements need to be highlighted to develop a thorough understanding of the energy
consumption landscape. The following sections of the literature review covers additional concepts
and theoretical approaches related to the household energy actions and decision-making in the smart

grid.

2.5 Factors and approaches influencing household energy consumption:
Developing a holistic understanding of the energy consumption landscape

The energy consumption landscape is influenced by social, technical, and environmental
elements over spatiotemporal scales. Consequently, involving a collection of activities, systems and
actors across the energy lifecycle, including consumers, regulators, and producers of energy (Figure
13) (Bridge, Bouzarovski, Bradshaw, & Eyre, 2013; Stern, 2014). Due to the importance of the
energy sector in economic development, as well as its implications in social and technological
spheres, a multidisciplinary approach is crucial to develop a holistic understanding of the energy

consumption landscape (Chapman, 2009; D. Scott et al., 2001; Shove, 2003b). Integrating the social
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sciences delivers a thorough understanding of the human dimension of energy consumption and
opportunities for conservation (Stern, 2014).

Within the electricity grid, options for altering the flows of electricity system can focus on
either demand-side response, which concentrates on changing the demand, or the levels of
consumption, or supply-side responses, which focus on changing the electricity supply. As articulated
within this chapter, the focus of the dissertation research is on demand-side responses in conjunction
with the introduction of smart metering infrastructure. Demand-side response options come in many
forms for shifting or reducing energy demand (e.g., pricing, efficiency and conservation programs,
direct load control) (Darby, 2018a; Darby & McKenna, 2012; Haider, See, & Elmenreich, 2016;
Sintov & Schultz, 2015). Due to the complexity of the energy landscape, the success of demand-side
response programs can be influenced by a multitude of factors (Kowsari & Zerriffi, 2011;

Sc’epanovié, Warnier, & Nurminen, 2017) as introduced in within this section of the literature review.
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Scale and spatial boundaries
* Regional infrastructure, policy, and cultures

Introduction and adoption of innovative technologies for energy management

Policies and programs for energy management

* Pricing, incentives, information
» Smart metering adoption and programs

Energy sources and infrastructure

* Energy sources, energy quality, existing systems, developments, and improvements
*E.g., smart metering infrastructure

Societal influences

* Social norms and standards

* Culture (e.g., frugal vs. luxury or 'sustainable' vs. unsustainable cultures)

* Rhythms of society (e.g., standard work day hours, holidays, standard meal times)

Variability of consumers

* Endogeneous factors: attitudes and behaviours; habits and routines; household characteristics; income and
education; living standards

» Exogencous factors: economy; policies; infrastructure; physical environment; building code

Figure 13 Influences and elements of the energy consumption landscape

At the residential scale, energy consumption is influenced by complex endogenous (e.g.,
economic, noneconomic, behavioural and cultural) and exogenous (e.g., physical environment,
policies and regulations) factors in personal and contextual domains (Kowsari & Zerriffi, 2011).
Several studies have attempted to conceptualize the multitude of factors influencing energy
consumption through integrated frameworks. Kowsari and Zerriffi (2011) developed on Wilson and
Dowlatabadi’s (2007) integrated framework; however, it not include technical considerations; thus, it
has been adapted in Figure 14 to visualize the complexity of factors impacting residential energy use,

patterns and decisions.

41



Behaviour-specific Personal Domain
elements

/ Routines and habits

Beliefs

Energy Patterns,
Use, Behaviours,
Decisions

External
onditions

. . Household
Physical environment, g
. .. characteristics,
energy carrier, policies X ducati
and regulations, income, education,
. technological
energy infrastructure,

social norms Technical adoption, lifestyle

Elements

Efficiency of HVAC systems,
efficiency of appliances,

/' building envelope, renewable
P generation and storage

Contextual Domain

Shared . Individual

Figure 14 Endogenous and exogenous factors influencing household energy use, adapted from: (Kowsari
& Zerriffi, 2011; Wilson & Dowlatabadi, 2007)

Specifically, in Canada, comfort is a significant contributing factor, where space heating

constitutes the majority of residential energy use (61%) (Figure 15) (Natural Resources Canada,
2012).

Space cooling,

Lighting,4% __— 3%

Appliances, 14%

Space heating,
61%

Figure 15 Distribution of residential energy use by end-use by percentage, 2016, source: (Natural
Resources Canada, 2018b)
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As presented, household dynamics contributing to consumption are complex. Socio-economic
factors highly influence household energy consumption and conservation. Household energy use is
positively correlated to household income (Abrahamse & Steg, 2009; Costanzo et al., 1986; Kowsari
& Zerriffi, 2011) and household size (Abrahamse & Steg, 2009; M. Brown, 1984, 1985). Education
levels (Mills & Schleich, 2012; Steg, 2008) and energy literacy (M. Brown, 1984; Lutzenhiser, 1993)
as well as economic profile (M. Brown, 1984, 1985) positively correlate to the willingness to
conserve and invest in energy upgrades. In regards to age demographics, households with younger
members are more willing to invest in new and efficient technologies (Mills & Schleich, 2012);
however, household dynamics and competing attitudes may influence the overall level of
conservation (Abrahamse & Steg, 2009; M. Brown, 1984, 1985). Although these socio-economic
factors contribute to household energy consumption, additional technical, social, and behavioural
factors remain. These elements, as well as their approaches for conservation, are outlined in the

following sections.

2.5.1 Technical factors and approaches to energy conservation

Physical building elements and technical efficiencies contribute to household energy
consumption. According to Gardner and Stern (2009), approximately 30% of household energy
savings can be achieved by increasing the efficiency of end-use technologies and systems. In 2009,
Canadian households with energy efficiency improvements saved 470 PJ compared to those without
improvements (Natural Resources Canada, 2012). The replacement, installation and maintenance of
equipment are common technical approaches to energy conservation and included in a typology of

policy approaches by Dietz et al. (Dietz et al., 2009) (Figure 16).
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incentives equipment heater lights, more
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rating systems, practices
information,
incentives,
strong social
marketing

Figure 16 Typology of household energy reduction strategies, source: (Dietz et al., 2009)

Traditional technical approaches to energy conservation research concentrate on the

engineering aspects of technology and building efficiencies (Parker et al., 2003). Modelling

approaches are used to assess the potential of technological solutions; however, these technical

studies rarely take into consideration the variability in consumer behaviour contributing to

consumption patterns (Geelen et al., 2013; Scott et al., 2001). Instead, they assess building,

technological and system efficiency, and present quantitative results (Dietz, Stern, & Weber, 2013;
Geelen et al., 2013; D. Scott et al., 2001). Utilizing a traditional paradigm of science and economics
in energy policy research may have created a ““... blind spot in conventional techno-economic
thinking that masks the human elements of energy technologies and use,” (Florini & Sovacool, 2009,
p- 1). Daily behaviours, equipment adjustments and maintenance offer the most abundant
opportunities for energy reductions and are significantly influenced by behavioural and lifestyle
changes, and motivated by policy tools and social marketing (Dietz et al., 2009; Mills & Schleich,
2012). Thus, technical approaches involve social integration and public support (Parker et al., 2003).
Policy mechanisms to encourage technological adoption, include disclosure labels, tax exemptions,
stronger regulations, lower interest rate loans, tax credits, and home energy rating systems (Parker et
al., 2003; D. Scott et al., 2001). However, as argued by Shove (2018), energy efficiency is
counterproductive due to its promotion of unsustainable expectations of ‘service’ related to energy as
well as the abstraction of energy from the processes in which it is used. Consequently, a broader

approach needs to be considered.
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Habits, routines, and behavioural practices have a strong influence over the use of efficient
technologies (Mills & Schleich, 2012). Additionally, Attari et al. (2010) identified that householders
perceive curtailment actions (e.g., turning off lights, reducing the use of appliances) as more effective
and attainable than energy efficiency improvements. Behaviours contribute to two-thirds of
household energy use, compared to structural and technological components (Lutzenhiser et al.,
2012). Therefore, technology on its own is not sufficient to change household consumption; it
requires behavioural ‘wedges’ to change how consumers use technology and operate household
systems to result in consumption shifts (Dietz et al., 2009). The theoretical lenses of behavioural and
social practice theories can provide insights on factors contributing to the social components of

consumption and approaches to reduce consumption.

2.5.2 Behavioural factors influencing energy consumption

Household energy consumption is multifaceted, and end-users significantly contribute to
consumption variability. Differences between identical residential units can be up to 200%, with
household behaviours contributing to this extreme variability (Chen et al., 2015; Dietz et al., 2009;
Lutzenhiser, 1993; Mills & Schleich, 2012). Behavioural theories view several factors as critical
influences, including attitudes, emotions, habits, agency, norms, and contextual factors (Figure 17)

(Darnton, 2008; Jackson, 2005).

. . . Contexual
Attitudes Emotions Habits Agency Norms factors
e Particular * Meanings *Routinized *An *The ‘social * Influence
beliefs and associated behaviours individual’s standard’ for attitudes and
principles with (Stern, 1999) consciousness articular erceived
related to a technology o ehaviours ehavioural
specific and energy successfully and activities control.
behaviour consumption fulfilling a (Darnton, Interpreted in
(Darnton, behaviours behaviour to 2008) the 'C' in
2008) (Shove, 2010) achieve a «Can be either ABC theory
specific descriptive, (Darnton,
outcome. what is done, 2008)
Often or injunctive,
referred to as what societ
self-efficacy thinks ‘ought’
(Darnton, to be done
2008) (Darnton,
2008;
Jackson,
2005)

Figure 17 Factors influencing outcomes in behavioural theories

Factors influencing household energy behaviours are investigated and conceptualized in

behaviour theories, which focus on endogenous and personal dimensions impacting energy



consumption. The most prevalent approaches used in energy studies are the: Theory of Planned
Behaviour (TPB), Norm Activation Model (NAM), Value-Belief-Norm Theory (VBN), and Attitude
Behaviour Context (ABC) Model (Table 4). Norms, studied through the VBN and the NAM, have
been strongly linked to energy behaviour (Abrahamse & Steg, 2009; Gadenne, Sharma, Kerr, &
Smith, 2011; Schultz, 2000; Thogersen & Olander, 2006). In particular, the NAM has provided more
insight than TPB to predict a range of energy behaviours (Abrahamse & Steg, 2009; Van Der Werff
& Steg, 2015). However, it should be noted that contextual and technical elements contributing to
energy consumption are not clearly addressed in these models. Exogenous components either
influence attitudinal and perceived behavioural control elements, or are grouped into ‘contextual’

factors (e.g., ABC model) (Darnton, 2008).
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Table 4 Summary of behaviour theories and factors related to energy consumption, sources: (Abrahamse
& Steg, 2009; Bamberg & Moser, 2007; Darnton, 2008; Jackson, 2005; Mirosa, Gnoth, Lawson, &
Stephenson, 2010; Stern, 1999; Thogersen & Olander, 2006; Van Der Werff & Steg, 2015; Zelezny &

Schultz, 2000)
Theory Type Factors Existing studies Consideration of
exogenous factors
Rational Attitudes, o Attitudes and behavioural intention Norms are the only
Theory of | Choice Subjective strongly correlated to behaviour external variable
Planned norms, (Bamberg & Moser, 2007; Hines, considered.
Behaviour intentions, Hungerford, & Tomera, 1987) External factors
perceived e NAM is more effective than TPB in influence perceived
behavioural predicting household energy use behavioural control.
control (Steg & Vlek, 2009) Does not consider
socio-economic or
technical
characteristics.
Pro-social | Awareness of | ¢ NAM improves the explanation of Consequences and
Norm consequences energy consumption compared to norms are the only
Activation and TPB (Abrahamse & Steg, 2009) external variables
Model responsibility, | e Perceived behavioural control relates | considered. Does not
personal to energy conservation (Abrahamse | consider socio-
norms & Steg, 2009) economic or technical
e Predicts range of energy use characteristics.
behaviours (Van Der Werff & Steg,
2015)
Pro-social | Values, ¢ Norms and VBN predict Norms are the only
Value- beliefs, norms environmental behaviour. Positive external variables
Belief- association between beliefs and considered. Does not
Norm behaviour (Gadenne et al., 2011) consider socio-
Theory e Values strongly related to behaviours | economic or technical
and based on three-factor structure characteristics.
(Thogersen & Olander, 2006;
Zelezny & Schultz, 2000)
e Behaviours influenced by a variety of
factors; personal values not a good
predictor of behaviours (Mirosa et
al., 2010)
Pro-social | Attitudes, e Strength of contextual forces highly | Grouped in
Attitude behaviours, influences intervention effect (Stern, | contextual factors.
Behaviour context 1999) No explicit list of
Context factors.
Model

Behaviour theories provide insights on consumption patterns at the individual level to

understand the social element of energy consumption. Traditional models of individual behaviour are

based on economic and rational choice theory and present behaviour as a linear decision-making

process (e.g., Theory of Planned Behaviour). The development of socio-psychological theories
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extended past economic models to analyze origins of behaviour preferences, and can be applied to
pro-environmental behaviour (PEB) (e.g., Value-Belief-Norm Theory, Norm Activation Model)
(Darnton, 2008; Heimlich & Ardoin, 2008). Subsequently, theories of behaviour change were derived
from the social sciences, including the Diffusion of Innovations, and other learning-based and
systems thinking models. Notably, Prochaska, DiClemente and Norcross (1992) acknowledged
several steps of behaviour change, including: pre-contemplation, contemplation, preparation, action

and maintenance (Figure 18).
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—[ Behaviourist theories

*Dewey (1896) - The Reflex Arc Concept in Psychology
*Pavlov (1904) - Classical Conditioning

*Thorndike (1905) - Instrumental Learning

*Watson (1913) - Psychology as the Behaviourist Views It
«Skinner (1948) - Operant Conditioning

—/

—[ Theories of behaviour

*Fishbein & Azjen (1970) - Theory of Reasoned Action (TRA)
*Bandura (1977) - Social Cognitive Theory

*Schwartz (1977) - Norm Activation Model (NAM)

*Azjen (1986) - Theory of Planned Behaviour (TPB)

*Stern et al. (1999) - Value-Belief-Norm Theory (VBN)

*Fishbein & Yzer (2003) - Integrated Model of Behavioural Prediction

—/

—[ Models of behaviour and societal change }

*Rogers (1962) - Diffusion of Innovation

*Social Practice Theory - (Giddens, 1979; Schatzki, 1996; Shove et al., 2013)
*Prochaska (1979) - Transtheoretical or Stages-of-Change Model

«Janz & Becker (1984), Rosenstock (1974) - Health Belief Model

*Fishbein et al,. (2001) - Determinants of behaviour change

Environmentally responsible behaviour and pro-environmental ]
behaviour (PEB) J

*Hines, Hungerford & Tomera (1987) - Complex Model of Factors Leading to PEB

*Hungerfold & Volk (1990) - Changing Learner Behaviour Through Environmental
Education

Stern et al. (1995) - Attitudes, Beliefs, Contexts Model

*Kaiser (1999) - Environmental attitude can be a powerful predictor of ecological
behaviour

*Journal of Social Issues Volume 56, Issue 3 (2000) - Special Issue on environmentalism
and proenvironmental behaviour

—/

—[ Applied models of behaviour change for intervention design

*Kotler & Zaltman (1971) - Social Marketing

*Kotler & Lee (2008) - Ten Steps for Social Marketing

*Gardner & Stern (1996) - Principles for Intervening to Change Environmentally
Destructive Behaviour

*McKenzie-Mohr (1999) - Community-Based Social Marketing

Figure 18 An overview of developments in behaviour theories and models, sources: (Darnton, 2008;
Fishbein & Ajzen, 1975; Fishbein & Yzer, 2003; Heimlich & Ardoin, 2008; Jackson, 2005; N. R. Lee &
Kotler, 2008; Shove, Pantzar, & Watson, 2012)
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2.5.3 Limitations of the behavioural approach

Solely relying on behavioural approaches can oversimplify the conceptualization of factors
contributing to energy consumption. As highlighted previously, external elements (e.g., policy,
technology, energy prices) are vaguely addressed. In most theories, external, socio-economic and
technical factors are considered an ‘influence’ on attitudes or perceived behavioural control (Darnton,
2008; Jackson, 2005). A conclusive list of contextual factors is not offered, thus resulting in the
inability to identify the role and effect of contextual factors in changing practices (Shove, 2010).
Consequently, these models provide different explanations of the problem, rather than generating a
holistic understanding to generate solutions (Strengers, 2012). As identified by Séepanovié et al.
(2017) contextual, or external factors, can have a vital role in the effectiveness of residential energy
interventions. These can include physical, socio-demographic, cultural, political, and institutional
factors (Séepanovié et al., 2017). Thus, behavioural models do not provide a comprehensive
conceptualization of the socio-technical factors contributing to household energy consumption.

Additionally, solely relying on behavioural elements to shift energy consumption has its
limitations. Studies have shown a weak relationship between attitudes and behaviours (McKenzie-
Mohr, 2000). Consumers are also influenced by ‘stone-aged psychological biases,” including self-
interest, short-sightedness, status, social imitation, and ignorance of problems (Van Vugt,
Griskevicius, & Schultz, 2014). Not identifying these and other barriers to adoption can result in
unsuccessful programs (Darnton, 2008; McKenzie-Mohr, 2000). Shove (2003b) argues for moving
beyond the individualized behavioural approaches to address the products, standardized technologies,
rationales, and practices that have been integrated into routinized societal habits. The development of
policies surrounding behavioural models has resulted in a value-action gap, overlooked habitual
impacts, and missed opportunities for societal shifts (Shove, 2010; Shove & Walker, 2014). A variety
of studies have highlighted the lack and importance of integrating social and technical approaches for
conservation approaches (D. Scott et al., 2001; Shove, 2003b, 2004). Thus, opportunities exist to
extend beyond behavioural theories and intervention approaches to conceptualize the complexity of

socio-technical factors influencing household energy consumption.

2.6 ‘Beyond ABC’: A practice-theoretical lens to household energy
consumption
A contrast to behaviour-based models is Social Practice Theory (SPT). This is an emerging

theoretical lens in energy geography studies. Schatzki defines practice as, “A temporally and spatially
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dispersed nexus of doings and sayings,” (1996, p. 89). Practices develop as a conjunction of
elements, which exist as performances by individuals, who act as the ‘carriers’ of practice (Shove et
al., 2012). As Walker (2014, p. 50) explains, society, organizations and individual actors’ actions are
viewed as social practices, and these practices become ... interwoven bundles of practices
configured by the ‘hanging together’ of institutional arrangements, shared structural meanings and
norms, knowledge and skills, and varied material technologies and infrastructures.” Therefore, social
practice theory investigates societal change as transitions of compounded practices over time.

Shove et al. (2012) provide one of the most recent theoretical descriptions of social practice,
and its importance to studying pro-environmental behaviours. At the root of their theoretical
description of social practice theory are three elements: materials, competencies, and meanings
(Shove et al., 2012) (Figure 19 ). A practice actively links these three components, which can shape

each other, change over time, can link to other practices, and can shift from one practice to another.

Knowledge and abilities associated

with a practice

Competencies

Tangible physical elements and

The connotations and significance

behind the practice what they constitute

Figure 19 Conceptual framework of SPT, source: (Shove et al., 2012)

There are several differentiating factors between individual behaviour theories, discussed
earlier, and social practice theory. Primarily, in social practice theory, the agent and their individual
behaviours are not the sole focus of the theory, where behaviours are considered the ‘tip of the
iceberg’ for social practice theory (Strengers & Maller, 2015b). Shove et al. (2012) also identify four

key elements that differentiate behaviour and practice (e.g., basis of action, type of change, policy
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approach and lessons). Strengers (2012) further distinguishes between assumptions made between
these two theories. In her paper, Strengers (2012) also adds a ‘D’ to the ABC model to include
‘decisions’ made by individuals. Table 5 outlines the differentiating factors between the behaviour

and practice-theoretical approaches.

Table 5 Comparing elements of social practice theory and behaviour theory, sources: (Shove, 2010; Shove
et al., 2012; Stern, 2000; Strengers, 2012; Strengers, Moloney, Maller, & Horne, 2015)

Element SPT Behaviour theory
Central unit of Individual behaviours are not the Individuals and their actions are the
analysis sole focus; they are the ‘tip of the sole focus

iceberg.” Dynamics of practice are
central focus

Base of action Shared approach through society Individual level

Change Emergent, dynamic, and happens Causal, orderly, predictable, and
over time. Often uncontrollable controllable

Policy approach | Set within the arrangements of “... Carrots, sticks and sermons...”

practice it is attempting to change to reduce the barriers and increase
change (Shove et al., 2012, p. 144)

Agency Practices, people, and materials People have agency

have agency
Role of Technology and supply systems Technology is separate from supply
technology form practices systems and people

Overall, social practice theory brings together social, technical, and environmental elements
to conceptualize societal change. This theory establishes new technological artifacts as well as new
markets, practices, infrastructures, and cultural meanings without reliance on policy-makers for a
transition. Additionally, social practice theory provides a holistic approach to conceptualizing the re-

shaping of social arrangements through radical innovations (Shove, 2010).

2.6.1 The SPT approach to energy and conservation

SPT views the main factors contributing to household energy consumption as a combination
of the materials, meanings and competencies surrounding energy use (Shove et al., 2012; Walker,
2014). Therefore, this theoretical lens moves past a resource-centric and behavioural view and
focuses on the social dynamics of energy consumption in light of materials, values and policies
(Shove & Walker, 2014; Strengers, 2012, 2013). Walker (2014) explains that energy consumption
patterns are influenced by dynamics, rhythms and societal synchronizations of energy practices
(Figure 20). Changing the dynamics of energy demand involves synchronized changes, and can be the

result of large-scale policies to shape consumption patterns (Shove & Walker, 2014; Walker, 2014).
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The impact of these policies needs to influence a network of factors: the ‘skills’ needed to manage
consumption, the ‘stuff” or technologies to assist householders with management as well as the
‘images’ or norms associated with consumption and demand management (Higginson, McKenna,
Hargreaves, Chilvers, & Thomson, 2015). Thus, socio-temporal patterns of energy consumption are

considered in this theoretical lens.

Dynamics » Short-term consumption patterns

*Cycles and patterns of activity at multiple
Rhythms temporal scales (e.g., daily, weekly, monthly)
*Involve dynamics of repetition

* Temporal patterns of consumption practice
(e.g., peak demand) resulting from social patterns
(e.g., workday hours, holidays) and natural
process (e.g., daylight hours, seasons)

Synchronizations

Figure 20 Socio-temporal factors of energy consumption patterns, elements adapted from: (Walker,
2014)

The SPT approach to energy conservation emphasizes the reorientation practice to sustainable
patterns, rather than focusing on barriers and drivers of demand (Shove & Walker, 2014; Strengers,
2012, 2013). Three key elements are involved in the SPT approach to change energy consumption:
reframing the peak demand problem from resource management to practices; changing ‘wants and
needs’ to alter perceptions of non-negotiable behaviours of end-users, resulting in a shift in lifestyle;
and redefining the role of end-users from passive consumers to co-managers of practice. These
changes involve shifting conservation programs from addressing ‘peaky’ behaviours to lifestyle

changes (Strengers, 2012).
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2.6.2 Energy practices and the smart grid

In reviewing the practice-theoretical approach to energy consumption, it is evident that this
approach can bring insights within the smart grid. AMI and associated smart technologies can result
in a reorganization of energy practices at micro- and macro-scales. Specifically, smart grid transitions
present opportunities for the synchronization of consumption rhythms, through: shifting peak
consumption through energy storage; changing demand patterns and optimizing end-uses through
automation; peak shifting through adhering to time-of-use pricing; consuming intermittent renewable
energy sources, and; using feedback information to make more informed choices of energy use
(Strengers, 2013; Walker, 2014).

Bulkeley, Powells, and Bell (2015) view the smart grid as a critical means for ‘greening’ the
electrical network through systems of electric provision and the ability to govern social practice. In
this case, end-users become self-governing entities, faced with new choices for consumption as a
result of new pricing schemes, additional information, and the ability to co-manage their
consumption. Conceptualizing the components of ‘smart’ energy practices can be visualized in the
following figure, where the necessary transitions in energy consumption management (Strengers,
2012, 2013; Walker, 2014), as well as the materials (Stephens et al., 2015; Strengers, 2013) and other
societal shifts for social practice change (Shove, 2003b; Shove & Walker, 2014) are applied to Shove
et al.’s (2012) framework of social practice theory. The elements in Figure 21 do not constitute a
single practice (e.g., cooking, cleaning, transportation); however, it outlines the ‘smart” components

influencing the idealized application of smart grid capabilities into various practices.
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Meanings

Materials

Competencies

*Changing 'wants and
needs' related to comfort,
cleanlieness and
convience, including:
*Shifting to higher

thermal flexibility
*Non-negotiable actions

become more adaptable
*Use of appliances

*Introducing advanced
metering infrastructure &
household-level elements,
including:

*Smart meter/smart panel

*Programmable
thermostat

*IHD/Feedback devices
*Smart grid tools
*Smart appliances

« Additional smart home

*Knowledge and skills
needed for shifting and
conserving energy using
smart technologies
*Knowlege of automation
and optimization
functions

*Knowledge of
conservation goals and
methods to achieve them

*Using skills and

knowledge to become a
co-manager of energy
use

* Aware of consumption
levels and patterns

technologies

Figure 21 Smart grid components applied to Social Practice Theory, elements adapted from: (Shove et
al,, 2012)

2.6.3 Opportunities and limitations of the SPT lens for energy conservation

SPT utilizes ethnographic and qualitative methods to analyze how energy permeates into
daily actions. Consequently, it can provide unique insights on socio-technical aspects of household
energy consumption (Shove, 2004; Shove & Walker, 2014; Strengers, 2012, 2013; Wallenborn &
Wilhite, 2014). Increased opportunities to study the ‘peaks and troughs’ of demand from access to
real-time smart meter consumption data can develop further understanding of energy practices and
opportunities to shift demand dynamics (Walker, 2014). Limited studies have used the SPT lens to
investigate long-term temporal practices of household consumption, emphasizing novel opportunities
for research development.

However, this area of literature lacks a clear set of strategies for practitioners to implement
and design conservation programs and interventions. Additionally, the energy management strategies
suggested by Strengers (2012) remain vague and may not provide enough clarity for effective
implementation and widespread change in standards of ‘cleanliness, comfort and convenience’ called
for by Shove (2003b, 2010). Therefore, this lack of clarity results in difficulties for application by
policymakers and practitioners. Additional literature highlights SPT intervention approaches lack
clarity on intervention strategies (Spotswood et al., 2017; Strengers & Maller, 2015a; Strengers et al.,

2015). Although SPT emphasizes moving beyond behavioural approaches and incorporates socio-
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technical elements, it lacks insight on how to shift the meanings and competencies associated with
energy practices. Existing intervention design strategies in CBSM and design thinking, discussed
later, present opportunities to shift social practices associated with conventional materials, meanings,

and competencies of energy consumption.

2.7 A comprehensive approach: The energy cultures framework

Energy is embedded in many aspects of our lifestyle, is influenced by a variety of personal,
societal, technological, and environmental factors, and is consequently integrated into our ‘culture.’
As highlighted earlier, previous models have focused on either changing behaviours or practices and
have limited capabilities to identify policy opportunities. One particular approach integrates socio-
technical factors contributing to household energy consumption alongside engagement strategies: the
energy cultures framework (ECF) (Stephenson, 2018; Stephenson, Barton, et al., 2015; Stephenson et
al., 2010). This scalable framework, derived from social cultural theory, presents an actor-centred
heuristic for the integration of factors influencing energy behaviours to understand opportunities for
sustainable energy transitions (Stephenson, 2018; Stephenson, Barton, et al., 2015).

The overall energy culture is a result of three interrelated core elements, influenced by
contextual factors (Barton et al., 2013; Darnton, 2008; Stephenson et al., 2010) (Figure 22). Firstly,
material culture involves the technical elements and built environment (e.g., appliances, advanced
metering infrastructure, insulation, building envelope elements) that are involved with energy use.
Adopted from anthropology, the term material culture emphasizes artefacts’ functional and symbolic
properties, driven by underlying meanings, that influence and are influenced by behaviours
(Stephenson, Barton, et al., 2015). Therefore, material culture can include elements that use energy
(e.g., appliances), influence the level of consumption (e.g., efficiency of built environment), generate
energy (e.g., solar panels), as well as inform or change energy consumption (e.g., feedback, smart
meters, and energy hubs) (Stephenson, 2018; Stephenson, Barton, et al., 2015).

Secondly, energy practices and skills refer to the routinized consumption behaviours of
societal actors as well as infrequent actions resulting in energy consumption, which are standard
within society (e.g., time-of-use consumption patterns and dynamics of daily consumption). Energy
practices are also strongly influenced by the existing material culture (Barton et al., 2013;
Stephenson, Barton, et al., 2015; Stephenson et al., 2010). Ford et al. (2017) expanded the ‘practices’
element to incorporate skills and competencies required to fulfill these practices, which is applied in

this literature review and dissertation. Therefore, energy practices in the ECF involves consumption
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actions as well as the adoption of material objects along with the related skills and competencies, for
fulfilling actions.

Thirdly, norms and aspirations involve the meanings, attitudes, and knowledge surrounding
energy consumption. Previously articulated as ‘cognitive norms’ in the original framework
(Stephenson et al., 2010), the term ‘cognitive’ was removed in later iterations of the ECF to reduce
unintentional ties to a specific field of psychology (Stephenson, Barton, et al., 2015). This dissertation
applies Ford et al.’s (2017) extension to norms and aspirations to clearly capture the ‘expectations’
for transitions. Expected norms of consumption are those that are already visible within a community.
On the other hand, aspirational norms are those not yet present in the context, and may facilitate
transitions in material culture and energy practices to shift the energy culture towards the desired state
(Stephenson, Barton, et al., 2015). As identified in Figure 22, the overall energy culture is influenced
by the linked and interrelated forces of material culture, practices and skills, and norms and
aspirations, as depicted by the arrows (Stephenson, 2018). Therefore, this scalable heuristic that

depicts the energy culture, is an outcome of the interrelated elements of material culture, norms and

aspirations as well as practices and skills surrounding energy consumption.

Energy

Material
Culture

External

Influences

Cultures
Framework

Practices &
Skills

Norms &
Aspirations

Figure 22 Energy cultures framework, adapted from: (M. G. Scott et al., 2016; Stephenson, 2018;
Stephenson, Barton, et al., 2015; Stephenson et al., 2010)
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This framework considers the influe