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Abstract Reductions in end-use energy imply some
level of technological and behavioural change — yet
there are marked differences in the balance between
them. Moreover, the ways in which these influ-
ences can combine and mutually shape each other
are complex, especially where multiple users inter-
act within the same environment. A socio-technical
perspective has gradually become more popular in
building energy research in recent years, as it wid-
ens the focus beyond technology to include prac-
tices, infrastructure, markets, policies, social norms,
and cultural meanings; however, there is very little
knowledge on how this interplay works — particu-
larly in a non-domestic environment. In this paper,
we attempt to enhance the understanding of ‘social
ordering of choices, problems and practice’ (Guy &
Shove, 2000, p. 139) within a retail environment —
and how these are competing when it comes to deci-
sions about energy consumption. Using a longitudinal
multi-methodological case study approach, this paper
aims to explicate the socio-technical context within
which energy consumption is considered by various
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actors in a large supermarket given that these actors
have other behaviours (e.g. convenience, profit) as
a priority and that the retail environment is agency
constrained (i.e. shoppers, employees can hardly
do anything individually to affect energy consump-
tion). Using mixed-reality platform, we visualised
socio-technical interactions, thus also visualising the
decisions on where energy efficiency interventions
could be made, what needs to be considered, and
how this differs from different perspectives. Priorities
that often remain ‘unspoken’ become visible — and
thus provide a powerful foundation for the discus-
sion about the consequences of an intervention there
and then thus reduce the complexity of discussions
and keeping crucial information available during the
entire discussion process.

Keywords Socio-technical interplay - Retail
environment - Energy efficiency - Mixed reality
design platform

Introduction

Reductions in end-use energy demand can be
achieved in several ways: by improving the efficiency
of existing energy-using devices and passive systems;
by replacing existing devices or passive systems with
radically new ones; by shifting towards lower-energy
behavioural practices; through reducing demand for
particular energy services; or by developing entirely
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new socio-technical systems that use less energy.
Whilst all these options imply some level of techno-
logical and behavioural changes, there are marked
differences in the balance between them (Geels et al.,
2015). Moreover, the ways in which these influences
can combine and mutually shape each other are com-
plex, especially where multiple users interact within
the same environment (Christina et al., 2014, 2015).

In recent years, energy consumption reduction has
been largely looked at through the engineering/main-
tenance lens (e.g. technology performance) (Sweeney
et al., 2013), and more recently the behaviour aspect
— particularly in domestic sector (Delzendeh et al.,
2017; Pothithou et al., 2016; Van den Broek &
Walker, 2019) — has also been recognised. A socio-
technical perspective has gradually become more
popular as it widens the focus beyond technology to
include practices, infrastructure, markets, policies,
social norms, and cultural meanings (Geels et al.,
2015). Whilst it is agreed that the interplay between
technology and energy behaviour exists, there is very
little knowledge on how this interplay works — par-
ticularly in a non-domestic environment. To address
this gap, we attempt to enhance the understanding of
‘social ordering of choices, problems and practice’
(Guy & Shove, 2000, p. 139) within a retail environ-
ment — and how these are competing when it comes
to decision about energy consumption.

Using a longitudinal multi-methodological case
study approach, this paper aims to explicate the socio-
technical context within which energy consumption is
considered by various actors in a large supermarket
given that these actors have other behaviours (e.g.
convenience, profit) as a priority and that the retail
environment is agency constrained (i.e. shoppers,
employees can hardly do anything individually to
affect energy consumption). ‘Literature review’ high-
lights the agency-constrained nature of the retail envi-
ronment and the differences that user behaviours can
make to energy consumption. ‘Methodology’ intro-
duces the multi-methodological case study approach
that includes hard performance data and the qualita-
tive data. ‘Results and discussion’ and ‘Conclusions’
explicate how the socio-technical context within
which energy consumption is considered by various
actors in an agency-constrained environment — and
what are the implications of making the challenges of
such context more visible.

@ Springer

Literature review
Retail and energy

Considering the rising energy costs and relevant
environmental concerns, energy demand has been
increasingly used as an indicator of the performance
of buildings throughout their lifespan (Elbeltagi et al.,
2017). Taking into account such a performance indi-
cator to inform design decisions is of critical impor-
tance in the context of the commercial sector and
especially in retail, where the highest energy con-
sumption rates are observed (Pérez-Lombard et al.,
2008). Retail stores account for 9% of total CO,
emission in the European building stock (Building
Performance Institute Europe, 2011, as cited by Fer-
reira et al., 2020), while the average total energy con-
sumption of a retail store is calculated to be around
1000 kWh/m? per year, a figure which is significantly
higher than the corresponding energy consumption of
other commercial buildings, such as offices (100-200
kWh/m? per year) or hotels (100-300 kWh/m* per
year) (Galvez-Martos et al., 2013). Especially when
refrigeration systems are used, the energy intensity
of retail buildings is significantly higher (Schon-
berger et al., 2013). Food retail stores sector amounts
about 3% of EU members’ electricity consumption
(Gimeno-Frontera et al., 2018).

According to the Building Energy Efficiency Sur-
vey (BEIS, 2016), retail is responsible for the 17% of
UK’s total non-domestic energy consumption. The
average energy intensity of large food stores is esti-
mated to be around 565 kWh/m?y (ranging from 400
to 740 kWh/m?y), 70% of which is electricity con-
sumption, being mostly associated with heating and
ventilation, lighting, catering, and cooled storage.

Predicting and optimising energy use in supermar-
kets is extremely difficult due to the interdependence
of their end-use sub-systems. Refrigeration, heating,
cooling, ventilation, and lighting are all factors which
act simultaneously in food retail buildings, affect-
ing both their energy consumption and their thermal
environment. Lighting is cited as one of the most
important technologies considered for marketing pur-
poses. Effective lighting can increase shoppers’ sat-
isfaction and encourage them to spend more time in
stores (Gerdeman, 2007; Tassou et al., 2011). Indoor
air quality (IAQ) is another important component in
energy management for retail stores due to not only
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the building regulations but also customers’ satisfac-
tion (Zaatari et al., 2016).

In addition to refrigeration and space conditioning
systems, the energy consumption of food retail build-
ings is highly dependent on further requirements,
related to product preparation, preservation, and dis-
play, store operation schedule, and the transient occu-
pancy patterns (Iyer et al., 2015; Mylona et al., 2017).
According to Spyrou et al. (2014), the end-use-related
factors of supermarkets can be grouped into three
main categories: those that describe the physical char-
acteristics of building (i.e. store size, thermophysical
properties of envelope), those that are related with the
operational characteristics of individual stores (i.e.
opening hours, stock composition), and finally the
regional characteristics of a building (i.e. location of
stores).

There are several previous studies which investi-
gated best practice to promote energy efficiency and
carbon savings in retail buildings (Ferreira et al.,
2020; Fieldson & Rai, 2009; Galvez-Martos et al.,
2013; Gimeno-Frontera et al., 2018; Iyer et al., 2015;
Jenkins, 2008; Kolokotroni et al., 2015; Kolokotroni
et al., 2019; Mylona et al., 2018; Schonberger et al.,
2013; Spyrou et al., 2014; Tassou et al., 2011; Timma
et al., 2016).

Tassou et al. (2011) analysed the energy consump-
tion data of 2570 retail food stores in the UK and
found that energy consumption in supermarkets var-
ies widely and depends on many factors, such as the
type and size of store, business and merchandising
practices, product mix, shopping activities, refrig-
eration and environmental control systems used,
and equipment used for food preparation, preserva-
tion, and display. Refrigeration systems account for
30-60% of electricity used, lighting is responsible
for around 15 to 25%, and the remainder of energy
consumption is attributed to HVAC systems and
other utilities. Electricity typically accounts for more
than 70% of energy consumed in UK supermarkets.
Finally, the study concluded that if energy intensity
of stores above-average use is reduced to average, by
energy conservation measures, annual energy savings
of up 10% can be achieved.

Gimeno-Frontera et al. (2018) presented a method-
ology based on life cycle assessment (LCA) standards
as a way to estimate environmental impacts of non-
domestic buildings, in particular food retail stores.
Their findings suggest that combining the use of

environmentally friendly refrigerants and energy effi-
ciency measures in lighting and HVAC systems could
potentially lead to environmental impact savings of
up to 80%.

Current studies in the UK show that operational
low carbon supermarkets are capable of saving up to
66% of GHG emissions compared to a conventional
store (Kolokotroni et al., 2015). In fact, published lit-
erature indicates that UK supermarkets have signifi-
cantly improved their operational efficiency over the
last decades (Sullivan & Gouldson, 2013). Accord-
ing to the British Retail Consortium (2014, as cited
in Kolokotroni et al., 2015), any progress made since
mid-2000s is mainly due to improvements in energy
monitoring and control systems, improvements in
energy-efficient technologies used in stores, and staff
training and behaviour change in energy use, among
others.

The replacement and more efficient control of
HVAC, lighting, and refrigeration systems, as well
as of equipment (e.g. rotisseries and ovens), repre-
sent great energy-saving opportunities that should
attract the interest of retailers who wish to minimise
the environmental impact of their stores (Acha et al.,
2013). The corresponding investment costs may, how-
ever, prevent the implementation of these energy-
saving measures, with small retailers being more vul-
nerable to this possibility, compared with their larger
counterparts (Dixon-O’Mara & Ryan, 2018).

In addition to such an economic barrier to energy
efficiency, the Building Energy Efficiency Survey
(BEIS, 2016) also revealed a behavioural barrier:
the prioritisation of organisational tasks over energy-
related tasks by key stakeholders (Christina et al.,
2017). Even though the retail sector has been mov-
ing towards a more sustainable future (ARUP, 2017),
stakeholders are reported to treat energy-related tasks
as an ‘add-on’ to their existing responsibilities (e.g.
customer service) (Christina et al., 2015). Since such
a behaviour detrimentally affects both the environ-
mental and economic performance of retail spaces
(Nikolaidou et al., 2019), there is an immediate need
for triggering the energy-conscious behaviour of
stakeholders.

A number of previous studies assessed how organ-
isational structure and staff behaviour to energy use
could act as barriers or drivers for energy efficiency in
retail building stock (Christina et al., 2014; Christina
et al., 2015; Dixon-O’Mara & Ryan, 2018; Sullivan
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& Gouldson, 2013; Woods et al., 2017; Galvez-Mar-
tos et al., 2013; Bentley, 2016; Klemick et al., 2017;
Jiang & Keith Tovey, 2009). Ferreira et al. (2020)
investigated the energy intensity (EI) and carbon
intensity (CI) of best-performance retailers, as well
as their links to policy, strategy, and building prac-
tice. The findings of their analysis suggest a holistic
approach to corporate culture and social responsibil-
ity as a way to reduce CI and EI and mitigate climate
change impacts. The authors discussed that in terms
of policy, best-performing retailers show a high level
of corporate internalisation of environmental man-
agement and share a strong top-down management
commitment towards sustainability.

Christina et al. (2014) reflected on the links
between organisational structure, staff behaviour, and
energy efficiency strategy and found that better align-
ment of user-centre approaches to successful energy-
efficient design, operation, and management are key
to drive energy savings in stores. Staff behaviour is
central to delivering an energy efficiency strategy
because effective human interaction is crucial to make
new technology and equipment work to specification.
Similarly, Woods et al. (2017) argued that although
causes of energy use in the retail sector are primar-
ily technical, it is the user behaviour that influences
whether actions to reduce energy use are applicable
and successful.

An effective energy management system should
establish clear and ambitious energy goals (Chris-
tina et al., 2015; Ferreira et al., 2020). According to
Jiang and Keith Tovey (2009), an effective manage-
ment system should incorporate both technical and
non-technical aspects to energy use and it should be
supported at all levels within an organisation. The
authors highlighted that energy management systems
ought to address issues of governance and ownership.
They also demonstrated how raising awareness and
behaviour change could support objectives of carbon
reduction.

Along with investing in the refurbishment of their
stores, retailers hence need to pay attention to the
behaviour of their employees and raise their envi-
ronmental awareness (Galvez-Martos et al., 2013).
Adopting such a socio-technical approach can max-
imise the energy efficiency potential of stores (Guy &
Shove, 2000). At the same time, the lack of adequate
information on the benefits of such an approach calls

@ Springer

for the investigation of behaviours towards energy
consumption (Pago & Lavrador, 2017).

Socio-technical approach to energy use

The relationship between technology and society has
been conceptualised in many ways: from technologi-
cal determinism believing that the development of
technology follows its own logic and that the tech-
nology determines its use (Winner, 1977), to social
reductionism or constructionism (Woolgar, 1991)
arguing that society and its actors develop the tech-
nology they want and use it as they want, implying
that technology in itself plays no role. In the 1990s,
however, the social constructivist approach became
more prominent, focussing on diversity of use among
a group of users and displaying use far beyond what
was anticipated by the designers (Henderson & Kyng,
1991) and leading to a now widespread agreement
that technology both restricts and enables (Orlikowski
& Robey, 1991).

A socio-technical approach allows enhancing
the understanding of interdependencies and inter-
connections between technology, work tasks, pro-
cesses, cultures, and behaviours and explores how
the changes in one part of the system affect another
(Challenger & Clegg, 2011; Cherns, 1976; Clegg,
2000). It is important to note that in this paper,
we specifically draw on the Actor-Network Theory
(ANT") (as demonstrated in ‘Results and discus-
sion’) — however, the research itself is not an ANT
study. ANT has been widely used as a frame and
mode of thinking about inter-disciplinary energy
research in practice. It has become a useful frame-
work for energy research because, as Wong (2016)
summarises, it ‘expands the purview of analysis to
the larger web of people and things that co-con-
stitute energy systems; gives visibility to previ-
ously inconspicuous actors and processes; actively
engages with ignorance and uncertainty in scientific
experimentation; and identifies alternative ways of
assembling technologies, people and environments
that are fairer and more sustainable’ (p. 1). In other
words, when employed in energy research, ANT
allows for a more networked understanding of large

! For readers interested in a broader application of ANT in the
context of complexity, see Sage et al. (2011).
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technical systems in which the social and techni-
cal co-exist and co-evolved in ways that are hard to
demarcate (Summerton, 1992; Guy et al., 2015).

Conceptualising sectors of the economy — in our
case, supermarket retail space and its role in energy
consumption reduction — as socio-technical systems
means adopting the ‘wider system’ view to encom-
pass not only the natural and built components, such
as energy resources or a building, but the societal
and institutional elements as well, i.e. individuals
and organisations (Foxon et al., 2010; Geels, 2005).
Bale et al. (2015) note five co-evolving and interact-
ing systems that impact socio-technical system: tech-
nologies, institutions, business strategies, user prac-
tices, and ecosystems — all leading to an increased
degree of complexity in energy system (Hansen et al.,
2019). Socio-technical systems are difficult to change
radically as this requires change in both established
technologies and behaviours. Thus, reducing energy
demand will not happen through merely improving
individual technologies or changing individual behav-
iours; instead, it requires interlinked, simultaneous,
and potentially far-reaching changes in the systems
themselves (Geels et al., 2018).

A socio-technical approach has previously been
employed in energy-related studies, for instance,
to challenge existing systems in the energy space in
order to identify disconnects between technology and
behaviours that are systemically supported by the
organisational design (Christina et al., 2015, 2017);
to analyse energy saving policies (Castree & Waitt,
2017; Giraudet et al., 2011); to model projections for
household energy use (Daioglou et al., 2012); or to
explore the impact of new technologies and organi-
sational behaviours on energy demand (Geels et al.,
2015), to name a few. To date, most of the socio-tech-
nical research in energy-related studies on a building
scale has focused on domestic use of energy (BRE,
2013; Chui et al., 2014; Kane et al., 2015; Love &
Cooper, 2015) and, in particular, on understanding
and operationalising thermal comfort (Chappells &
Shove, 2005; Guy, 2006; Hitchings, 2009; Shove,
2003a, 2003b, 2006). Various reports and papers offer
overviews and critiques of these studies as well as the
socio-technical approach in energy-related research
(e.g. Geels, 2004, 2019; Hinton, 2010; Wilhite et al.,
2014) and it is not our intention to repeat these here.

Little research however exists on using socio-
technical approach to explore the energy use in

non-domestic sector. Recent studies into socio-
technical deployments at schools (New et al., 2019)
and independent retail (Kenington et al., 2020) exist
highlighting that technical conditions appear to be
of considerably less importance than social contexts
when it comes to energy consumption reduction, and
that many obvious energy reduction opportunities
are often ruled out as they do not fit with business
or policy priorities. However, this research does not
explain how competing priorities compete for atten-
tion within non-domestic settings.

Competing priorities and agendas in an
agency-constrained environment

In non-domestic environments, the open-plan space
requirement for a flexible, service-based economy
has rendered the concurrent management of energy
demand reduction, along with improved thermo-
physiological conditions, particularly problematic.
This is due to its ‘agency-constrained’ users: here,
workers have relatively little direct control of their
individual environment and have limited capacity to
respond to feedback on indoor air quality or thermal
comfort within the spaces they work. Moreover, there
is a multiplicity of different users of the space. This is
particularly the case in retail environments where the
interaction of customers creates more variable condi-
tions than office space or other open plan buildings.
Despite accounting for around 3% of UK energy
use (Spyrou et al. 2011), addressing energy reduc-
tion and optimising thermo-physiological conditions
in retail is both under-researched and under-theorised,
with most of the research focusing on the specific
aspects of the retail sector (e.g. food retail (Braun
et al., 2014; Tassou et al., 2011)). Reasons for this
are speculative, but goal-setting theory (Locke &
Latham, 2002) suggests that specific, difficult goals
lead to better performance outcomes than abstract
goals where employees feel little ownership or con-
nectivity to the performance improvements intended.
With regard to energy savings, this reveals a twofold
problem for retail organisations seeking to develop
pro-environmental behaviours in their staff: the first
concerns the inevitable difficulties in foregrounding
secondary goals (i.e. energy consumption which is
distal and slow to manifest) with primary goals (i.e.
sales which is proximal and immediate); the second
is that although most workers interact with energy

@ Springer
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sources, they rarely personally control a significant
amount of consumption themselves. Both factors
mean that employees have to be engaged in energy
saving in ways that mainstream them as normalised
behaviour aligned with key corporate goals. This,
in turn, demands tailored strategies for intervention,
which account for the prevailing socio-technical sys-
tem through which energy is consumed within the
organisation.

Christina et al.’s (2015, 2017) work provides a
clear understanding of what enables and what hinders
motivation of the employees in a supermarket setting
to reduce the company’s energy consumption. Using
a retail energy management socio-technical model
(Christina et al., 2015, p. 325) built around six ele-
ments (namely, organisational culture, energy goals,
shop buildings, energy strategy, processes and proce-
dures, and store staff), they demonstrate conflicting
perceptions of energy management in the organisa-
tion and highlight misconceptions around energy
strategies, building management and goals that can
be systemically linked to issues around practices and
processes. Crucially, they show how goal conflicts
can be overcome via a consistent and responsive sup-
port system that allows building trust and engagement
with staff on the shop floor, and via a practical man-
agement strategy enacted through, for instance, job
redesign.

Taking into account the environmental and finan-
cial impact of employees’ behaviour towards energy
consumption (Staddon et al., 2016), it is important
that such a support system clearly communicates
the behaviours that can adversely affect the energy
performance of retail outlets. Even in cases where
employees have limited direct control of their thermal
environment, there are still everyday behaviours that
can detrimentally affect energy performance, with
energy-unaware behaviour being able to add one-
third to the designed energy performance (Nguyen
& Aiello, 2013). At the same time, such behaviours
can be regarded as energy-saving opportunities that
can assist reduction of the energy demand and hence
the operational cost and carbon footprint of stores
(Richman & Simpson, 2016). Examples of impact-
ful behaviours are leaving the doors on fridge/freezer
cabinets open, having ovens on when not necessary
(e.g. between baking times or as soon as baking
is finished), and leaving back doors open between
deliveries (Nikolaidou et al., 2019). Addressing such

@ Springer

behaviours requires employee engagement and col-
laboration as well as customer awareness in order to
ensure stores operate to the most efficient manner,
saving considerable amounts of energy (Davis &
Coan, 2015; Zibarras & Coan, 2015).

Despite the energy-saving potential of behaviours
in retail environments, behavioural practice is still
under-researched due to the inherent complexity and
uncertainty in human behaviour. Behaviour is very
different between user environments (e.g. shop floor,
shop offices, ‘back of the house’ storage space). There
is still a challenge of making conflicting goals ‘vis-
ible’ in order to incentivise and aid behaviour change
and align this with the goals of the company, workers,
and customers. The following sections will explore
how we combine a techno-economic with the socio-
technical analysis in order to bridge this gap.

Methodology

This work is building on the above-mentioned
research by Christina et al. (2015, 2017) that focused
on adapting a socio-technical framework approach
to describing and improving an existing organisa-
tional behavioural strategy to support retail energy
efficiency. Using a multi-methodological case study
approach that includes hard performance data and the
qualitative data, we take this work further in order to
explicate the socio-technical context within which
energy consumption is considered by various actors
in an agency-constrained environment — a large
supermarket, where actors have different behaviour
and priorities. In particular, this study incorporates
a broader constituency of stakeholders who have the
decision-making power, establishing ways of bring-
ing a disparate array of stakeholders together around
the energy consumption agenda.

A longitudinal case study carried out over 24
months was based on the socio-technical meta-
principles, acknowledging that any store design is
systemic, that all parts of a system are inter-con-
nected, and that values and mind sets are integral
to design (Clegg, 2000). The longitudinal approach
was designed in order to engage with a wide range
of actors that directly or indirectly impact energy
consumption in a large supermarket and to con-
sequently design a mixed reality design plat-
form (MRDP, described later in this section) that
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represents this agent-constrained environment and
allows to trace how decisions are made and trade-
offs achieved (or not) when it comes to competing
priorities and agendas. A total of 25 participants
(including 13 in-store employees, 4 architects, and
8 HQ senior management team members) took part
in either semi-structured interviews or focus groups
during the period 2017 to 2019. The case study
comprised a raft of activities, organised in three
phases, with each phase informing the following
phase:

During phase 1, all contexts of the energy con-
sumption in a large supermarket store were included
by developing an energy consumption database. This
database was populated by predictions of energy con-
sumption from a dynamic energy simulation model
for a wide range of scenarios, providing a quantitative
link between plausible design scenarios and the cor-
responding energy performance of the supermarket.
The geometry and construction were informed by the
building information model (BIM) that was provided
by the retail company. Model assumptions about
operation and equipment reflect the information that
was supplied by the company and emerged from the
interviews with their employees (interview outcomes
are presented in ‘Energy consumption influencers’),
therefore capturing details of the equipment (e.g.
freezers, ovens) found in store. Creating the energy
model and running several simulations, each captur-
ing unique energy consumption profiles about one
aspect of the supermarket performance, quantified the
opportunities for reducing the energy consumption
of the supermarket. These energy-saving opportuni-
ties informed the development of scenarios for the
MRDP, which were then explored by energy experts
employed by the company, with the MRDP thus ena-
bling both the quantitative and qualitative assess-
ments of the supermarket.

Using content analysis, we explored the com-
pany’s energy consumption reduction strategies and
policies have been carried out to understand what the
corporate priorities are and how they have evolved
over time. The analysis was carried out inductively, in
order to reveal the spectrum of energy-related themes
covered in strategy and policy documents as well
as the approaches that are implemented in stores in
order to encourage the employees to save energy. The
results of the policy content analysis informed the
questions for the interviews.

Two 2-h transect walks (one during a peak time
and one during an off-peak time) with the store man-
ager were carried out in order to observe the daily
operation of the store, both on the shop floor and at
the ‘back of the house’ and to familiarise ourselves
with the space of the retail store. These observa-
tions informed the interview questions as they helped
refine the store operation narrative (see ‘Results and
discussion’); they also informed the scenario (layout)
design.

Semi-structured interviews with 13 supermarket
employees were carried out in the supermarket; these
included a wide variety of staff such as the store man-
ager, the store engineer, non-food senior manager, the
manager and a general assistant, the clothing man-
ager and a general assistant, a baker, a fish and meat
counter assistant, a checkout area manager, a self-
checkouts manager, and a customer services manager.
Each interview lasted approximately 20 min during
the employees’ break. The participants were asked
questions about their daily activities, the perceptions
of their role in reducing the store’s energy consump-
tions, and the incentives and barriers for reducing
energy consumption.

Phase 2 focused on building the MRDP and its
scenarios, informed by phase 1:

In order to realistically represent the design of a
large retail store, four interviews with architects who
work in a retail design have been carried out. These
informed some of the zoning layouts and spatial per-
mutations later used as a workshop — and allowed us
to reflect on the complexity of a retail space in that
it needs to combine convenience, efficiency, profit-
ability, and other elements. The company’s current
process of discussing these trade-offs primarily uses
2D plan drawings which can limit the spatial under-
standing in comparison to an interactive and immer-
sive environment. While it is not the intention of this
paper to discuss the complexities that design of the
retail space poses, it is understood that a focus on the
design process and result of a specific store could pro-
vide more nuanced findings; however, the interviews
along with the company’s spatial principles guided
the store layout and scenarios explored for this proof-
of-concept study.

A ‘24 h in a life of a store’ timeline narrative
was built in order to demonstrate how the energy
consumption changes depending on a day, time of
the day, or a season, and what are the impacts of
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Fig. 1 Mixed reality design platform system as applied to this project

various human and non-human actants on energy
consumption. The intended and unintended conse-
quences of various activities in a store as well as
the intended and unintended outcomes of the com-
pany’s energy policy were then mapped out draw-
ing on the Actor-Network Theory (noted in ‘Results
and discussion’).

A focus group with the employees of the headquar-
ters, including six members from the energy manage-
ment team and one from the store planning team, was
carried out in order to reality-check the results from
the above-mentioned datasets. The group’s broad
experience provided additional insights into specific
problem areas in the stores regarding energy use and
the strategies and solutions trialled with varying suc-
cess. This provided additional material to review and
contextualise the socio-technical context.

The MRDP was constructed during this phase
consisting of four main modules, namely virtual
reality headset with gesture-controller (VR system),
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multiple user shared virtual reality environment,
tabletop fiducial marker tracking system, and scaled
model and widgets as tangible user interface. Fig. 1
diagrams the MRDP system and the data flow for
this application.

The data communication between the VR system
and the multiple-user tangible interface was estab-
lished through game engine-based local networking.
Given the large area needed to model the retail envi-
ronment and the complex customised interactive tasks
to be conducted, a custom tangible table was designed
and fabricated for engaging multiple stakeholders; see
Fig. 2. The fiducial marker tracking system is imple-
mented with a DIY AO size infrared lightbox embed-
ded with an infrared camera with daylight filter and
a short throw projector. The scaled interior model of
the retail store and small widgets used with the tangi-
ble interface were made with a 3D printer.

HTC Vive was selected for the VR system and
a large 60-in. Philip touch-screen monitor is used
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Fig. 2 Development of custom tangible table for MRDP system

for shared virtual reality display. Unity, a real-time
development platform, was used as the main inter-
face for the shared virtual reality environment, inter-
actions are scripted in C#, the 3D model was built
in Autodesk Revit, and energy data were fed in from
DesignBuilder and EnergyPlus. The MRDP system
came together as a unified tool to help us establish
ways of thinking about space and its purpose as it
relates to energy consumption.

Phase 3 was used to validate our findings
through a 1-day workshop with four energy experts
employed by the company. The workshop was built
around the use of the MRDP and comprised two
high-level scenarios (zones and agents):

1. Zone-based scenario: Participants were provided
with a simplified floor plan of a metro store
divided into a grid layout as shown in Fig. 3; the
cell positions of items including the entrance and
checkout were informed by the transect walks
and interviews. The first task was to simply get
participants familiar with the table; they were
asked to move items to improve the overall shop-
ping experience only considering personal prefer-
ences.

To do this, a set of basic rules and tools were pro-
vided, e.g. each item had a pole widget they could
move around and for this first exercise, all items were
to remain and there could only be one item in each
cell (see Fig. 4).

As a follow-on task, participants were then asked
to consider how their proposed layout would change
considering two variables: convenience and energy
consumption. The convenience factor broke the
store down into four zones based on the entrance and
checkout locations, while the energy factor broke the
store down into three zones — ‘outer’, ‘inner’, and
‘door’ (see Fig. 5). This was based on simple obser-
vations from the transect walks: (a) refrigeration is
lined along the wall and (b) doors tend to stay open
allowing increase air exchange.

For this task, participants were given more free-
dom to add new items, remove items, duplicate items,
and put up to two items in a cell. In addition, a new
widget (a green cube) was introduced that would
switch on and off a visualisation that simulated a real-
time score for each item based on its location in the
store. The total score was visualised as a bar with
energy (blue) and convenience (green) making up a
portion, respectively. For example, a refrigerated item
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Fig. 4 Energy experts engaging with zonal store configuration

would have a higher energy score in the door zone
than the outer zone. A proposed store configuration
could then be given an aggregate score based on total-
ling all the cells. This activity allowed participants to
engage in a dialogue about basic store layout and dis-
cuss trade-offs of locating items based on defined cri-
teria (i.e. energy and convenience). This allowed us to
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observe how priorities were discussed and decisions
made (Fig. 6).

2. Agent-based scenario: Participants worked
together to change the design of a virtual store.
They took turns immersing themselves into the
virtual store with the VR headset, discussing the
experience with the other participants who were
able to adjust eight design parameters via widg-
ets on the tangible table (dials and sliders): size
of window; transparency of window; wall colour;
ceiling height; light fixtures; light intensity; floor
colour; and door size (Fig. 7).

The participant with the VR headset was tasked
to carry out one of two roles, each having a distinct
set of tasks (staff or customer) — as seen in Fig. 8.
For example, staff was required to restock shelves,
close refrigerator, and change a ceiling lamp while
the customer was given a shopping list that they had
to collect. The roles and tasks helped contextualise
the impact of the design changes as discussed and
implemented. Participants around the tangible table
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Fig. 6 Energy experts moving widgets and discussing trade-
offs

were given the power to implement new tasks. This
activity captured the effects of different store designs
and arrangements through working and shopping sce-
narios on energy consumption. It allowed participants
to immerse themselves in proposed changes in real-
time and to discuss the impact and trade-offs between
proposed changes resulting in uniquely different
design configurations. Because of limitations, real-
time energy simulations were not ran for the different
design configurations.

Given the mixed-methods nature of the research,
an abductive approach towards data analysis was

employed allowing building our theories as our data
were gathered. Each dataset was analysed separately,
informing the next steps. All interviews and focus
groups were semi-structured in order to generate data
that were not tied to existing hypotheses or theory;
these were recorded and transcribed and then ana-
lysed, reflecting on the relevance of the findings. The
workshop was recorded and the screenshots that dem-
onstrate changes in decision makers were captured.

The themes of the data analysis were not pre-deter-
mined. This approach enabled building an integrated
themed dataset that was reflective of different parts of
the organisation as well as external datasets. Instead,
themes were generated and adapted across all the dis-
crete datasets created through sessions with different
participants and different collection dates across the
length of the study. The integration of data from var-
ied sources around themes is reflective of the socio-
technical worldview of systemic interconnectivity
that was adopted for this study.

Results and discussion
Energy consumption influencers

As noted in the previous section, a ‘Day in a lifetime
of a store’ timeline narrative (Table 1) around the
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Table 1 A day in a lifetime of a store timeline representing generic temporal energy consumption influencers

Time' Weekday Weekend Sunday
(Monday to Friday) (Saturday)
8am Lights on — all faults become | Lights on — all faults become Store closed
obvious (e.g. not all light obvious (e.g. not all light came
came on) on)
9am Baking starts at
about 7am on a
Sunday and is only
done once
10am Bakery off (first lot of baking Bakery off (first lot of baking
done for the day) done for the day)
11am Measuring temperature in the | Measuring temperature in the Bakery off
store store
12 noon
1pm Bakery on — second bake of Bakery on — second bake of the
the day day
2pm
3pm
4pm Bakery off — second baking of | Bakery off — second baking of Store closed
the day is complete the day is complete
5pm
Stocking still taking
6pm place but with the
reduced number of
7pm staff
8pm
9pm
10pm
11pm Lights off to 60% of the usual lighting level
Heating goes off
Midnight
1am

"Light green indicates peak times in terms of customers. Light blue indicates time when most shelves are stocked and deliveries are

taking place
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Fig. 9 The relationship between human and non-human energy consumption influencers

operation of the store has been created as a scaffold

to understand the influencers of energy consump-

tion which may not have been obvious otherwise. °
The timeline revealed several elements that

impact energy consumption:

e In-store thermal comfort: after the observations
and the interviews, it became apparent that the
store has very little control over the most energy-
consuming elements, such as heating and cool-
ing, or lighting; the control of these is outsourced
to a company that monitors and adjusts the
energy performance. In some cases, this leads to
additional energy consumption: for instance, staff
at the customer services desk located next to the
main entrance would use an electric heater if it is
cold outside and the doors open frequently.

someone would switch them off in the of the day
(or not at all).

Daily patterns: Fridays and Saturday (and in par-
ticular ‘Five star’ weekends, i.e. those just before a
holiday) are considered to be the busiest days, and
they differ significantly from a weekday opera-
tion of the store as there is a constant high flow of
customers throughout the day and in the evening.
Consequently, the shelves are restocked more fre-
quently (particularly those where seasonal items
are) — and it is important to note that both under-
stocked and overstocked fridge shelves have an
impact on the efficiency of energy consumption;
and thus, a store employee could potentially play a
role in reducing it.

e In-store energy consumption: there are how- The relationship between energy consumption
ever elements in the store that are controlled by influencers
the employees. For instance, the ovens must be
switched off once the required number of chick- Once explored, the energy consumption influenc-
ens are grilled; however, ovens often stay on until ers were then assembled to reveal the expected and
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unexpected relationship between human actions,
company policy, store design, and other influenc-
ers and to identify an array of interacting elements.
A starting point for mapping out the elements was to
identify the stakeholders and a range of non-human
actants, as well as the ideas that are shaping energy
consumption. Following from the elements identi-
fied through the narrative, the relationships between
five following themes (and the elements within these)
were mapped out (Fig. 9):

e The ‘territory’ — the constants that cannot be
changed by the employees in the store, e.g. store’s
layout, front doors, back of the house usage, light-
ing, and HVAC;

e The ‘environment’” — changeable elements
that affect internal energy use, e.g. freezers and
fridges, baking equipment, checkout tills, individ-
ual heaters as well as temperature inside and out-
side;

e The ‘rhythm’ — seasonal fluctuations (e.g. fes-
tivals); daily patterns (e.g. peak times), holidays,
working hours;

e The ‘people’ — customers, managers, staff, ‘out-
sourcers’, delivery, the retail organisation itself;

e The ‘ideas’ — national and corporate policy, repu-
tation, sustainability, profit, organisational culture.

Mapping out the five themes explored how the
boundaries of each theme could affect energy con-
sumption in multiple, overlapping, and sometimes
unexpected, ways. Fig. 9 shows key relationship
between various elements within the store, thus
allowing us to ascertain constraints and user agency.
Here, the simplest is the technical aspects of the ‘ter-
ritory’ and the ‘environment’ in the context of the
store operation; it is expected that these elements are
directly or indirectly connected to the energy con-
sumption. The map however reveals their connection
with the social elements such as choices and prac-
tices, and the unintended consequences of the inter-
action within and between ‘the environment’ and ‘the
people’. Whilst the most energy-related elements are
locally bounded at a store scale, the map shows that
they could also be ‘projected’ outwards, towards the
‘Ideas’ theme.

Understanding the relationship reinforced that
whilst energy consumption in the retail sector is
often discussed as a stable technological system, it is

actually shaped into a final form by social actions and
inactions and higher level non-technical interests. The
tangible table was then used as a tool that helps us
establish the ways of thinking and visualising these
interactions and space whilst maintaining the focus
on energy consumption.

Decision making ‘in the box’ (scenarios — zones)

The identification of the bias and perceptions that
drive an individual store allows to understand what
priorities in an agent-constrained environment are
salient and how the decisions that are informed by
these priorities impact the store’s design, operation,
and, consequently, energy consumption. Overall,
the discussion and decisions around the layout were
mostly driven by factors that are influenced by prac-
tices, problems, and choices and the speed of pur-
chase, location and availability of building services
(e.g. piping and sockets), food type (e.g. hot and cold
should be as far from each other as possible), encour-
agement of spontaneous purchase (e.g. daily pur-
chases like milk should be at the back of the store),
built-in costs, and profitability. The workshop with
energy experts from the retail company thus revealed
the following competing priorities and agendas that
influence consideration of energy consumption:

o Energy consumption vs. convenience: Conveni-
ence is about simplifying and enhancing the shop-
ping experience— it determines where, when,
why, what, and how — and is implicitly linked
to profit. Convenience is a subjective character-
istic (e.g. what may be perceived as a ‘conveni-
ent’ location of a particular shopping item by one
person may not be ‘convenient’ for another). The
participants have debated around convenience
extensively and were indecisive. Whilst they felt
it would be convenient to have fruit and vegetable
at the entrance, they also agreed that such proxim-
ity to the outside environment (e.g. sunlight, hot/
cold temperatures) would have a negative impact
on the produce. Another suggestion was to put
bakery at the front as the customers may find the
smell attractive — but in this case, the participants
felt there might be implications for the energy
consumption. It was then suggested that putting
the newspaper stand next to the door is energy
efficient (as the temperature is not important for
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magazines) but at the same time, it may not be as
attractive. In addition, newspapers/magazines are
often a spontaneous purchase that often occurs
whilst people are waiting at the checkout.

Energy consumption vs. professional bias: Here,
the participants’ decision about the layout was
affected by their daily roles. For instance, an engi-
neer suggested that the location of the energy-
consuming furnishing should be co-located with
the infrastructure; for instance, it was suggested
to put all fridges at the back of the store as all
the pipes are there. Participants also suggested
that cold and frozen items should not be next to
bakery as this increases the energy consumption;
instead, fridges, delicatessen section, frozen food,
and ready meals as well as meats should all be co-
located in order to reduce the energy consumption.
This also made sense from an energy perspective:
fridges should be at the back of the store, where it
is possible to turn the heating off. The professional
priority however often clashed with personal bias
and convenience. Moreover, there was a feeling of
redundancy as participants acknowledged that it
does not really matter how they arrange the design
as the main energy-saving elements (air condition-
ing, heating, lighting) are controlled externally,
and it is perceived that not much can be done in a
store.

Energy consumption vs. profit: When arranging
the zones, the participants often discussed how
one or the other layout would stimulate the sales.
This is not surprising as in the retail environment,
profit is the largest operational priority; thus, the
primary role of an employee is to ensure quick
turnaround and response that positively affect per-
formance of a store. The participants suggested
that daily items (such as milk) could be located at
the back of the store as this would force shoppers
to walk through the store and potentially could
encourage them to buy other things. This sugges-
tion clashed with convenience but created a syn-
ergy with co-location of the fridges next to pipes.
The participants also discussed whether energy
consumption is on the agenda for those working
on the shop floor and who could, in principle, have
some control over the energy consumption (e.g.
by closing fridge doors or turning the ovens off
when not in use). Whilst the company sees energy
as something that can contribute to profit (as the
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reduction in consumption would lead to lower
energy bills), it does not always translate into the
operation (due to the lack of personal motivation
— see next point). The daily staff meetings focus
on profit-making and although there are occasion-
ally bursts of energy-saving initiatives, they get
forgotten too fast.

e Energy consumption vs. personal bias and motiva-
tion: Personal bias was closely linked to conveni-
ence. For instance, one of the participants noted
that the toys section is perhaps not needed in the
store, instead more fruits and vegetables could be
displayed. When discussing personal preferences,
energy consumption was not featured in the con-
versation. The participants also acknowledged
that from the employees’ perspective, organisa-
tional culture and organisational policies and com-
mitments that target energy consumption do not
always fit with their commitments, as there is a
lack of personal motivation. For instance, energy
savings in a household are often driven by a reduc-
tion in financial costs; in the case of retail, whilst
it is understood that the energy savings contribute
to organisation profitability, there is little motiva-
tion for the non-managers to care about this. One
participant noted that if energy saving is linked to
a bonus (e.g. when the retailer makes profit, every
employee gets a bonus) or if they know that by
closing a fridge door they would save £X, which
would contribute to profit and therefore bonus —
and there were constant reminders about it — it
would encourage them to close a fridge door. Con-
tributions towards energy savings are not reflected
in any performance reviews; there is very little
training (apart from a mention during the induc-
tion); in addition, most of the initiatives are adver-
tised at the offices, where the employees hardly
spend any time at all.

Every priority outlined above came up in the lay-
out discussions several times — and these were com-
peting not just with the decisions about the energy
consumption reduction, but also with each other.

Conclusions

This paper explored the socio-technical context within
which energy consumption is considered by various
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actors in a large supermarket given. It demonstrated
the ‘social ordering of choices, problems and practice’
by unveiling that actors’ behaviour driven by conveni-
ence or profit takes a priority in decision making and
highlighting that the retail environment is agency-con-
strained (i.e. shoppers or employees can hardly do any-
thing individually to affect energy consumption). These
tensions however are usually explored through either
technical quantitative studies or behavioural qualita-
tive studies. We wanted to make this challenge more
visible. Using an experimental methodical approach
— which was possible using a ‘tangible table’ — we
showed how it can aid decision-making mechanisms
by not only encouraging exchanges but also, most
importantly, highlighting contradictions, which leads
actors to find a consensus or instead to identify points
of opposition that are impossible to overcome.

By moving between virtual and real space/time,
the authors were able to remove the conventional
constraints associated with both approaches; we were
able to visualise conflicts and dependencies between
employees and energy interventions, i.e. various ele-
ments of socio-technical system. Such visualisation
is important because it enables a clearer focus on the
socio-technical system allowing for a clearer under-
standing of how interventions and decisions come
together, which would be impossible at full scale. In
other words, the key contribution of the technology is
the implementation of multiple experiences.

The decisions related to energy reduction in the
retail sector rely heavily on oral communication
between the decision-makers and the employees and
the shoppers, with the assistance of pictures and brief
documents. However, because of the agency-con-
strained nature of the retail environment that spans
across multiple working phases and involves multiple
parties, it is difficult for participants to clearly grasp the
whole picture of energy consumption and its influenc-
ers and to make accurate decisions about its reduction.

One of the main benefits of creating a platform that
allows to embrace a socio-technical context of the
retail space is clearer understanding on interventions.
The visualisation of socio-technical interactions can
also help in visualising the decisions on where inter-
ventions could be made, what needs to be considered,
and how this differs from different perspectives. Pri-
orities that often remain ‘unspoken’ become visible
— and thus provide a powerful foundation for the
discussion about the consequences of an intervention

there, and then thus reduce the complexity of discus-
sions and keep crucial information available during
the entire discussion process.

Technologies such as the tangible table could pro-
vide a middle ground for decision making that reflects
socio-technical context that reflects not only the retail
spaces but also its temporality. Here, the decisions are
being made ‘tangible’: having an object that repre-
sents a decision that leads to an intervention at hand is
important as it speeds up the process of decision mak-
ing and helps participants focus on social and techni-
cal elements simultaneously. Being able to immerse
in a socio-technical visual representation of a super-
market creates a common ground for everybody and
bridges the gap between different understandings and/
or interests of different stakeholders. It supports dif-
ferent stakeholders in a constructive dialogue, provid-
ing structure to various interventions through a set of
informed rules that in a way become a driving force in
the dialogue rather than restricting creativity.
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