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Abstract 
 

Advances in technology continuously reshape habits, behaviours and interactions         
at individual, organisational and societal levels. Information and Communication         
technology (ICT) is pervasive, and is the bearer of crucial information, analysis and             
responses to the recipient. It assists in processes such as understanding phenomena and             
taking appropriate action. It also provides communication means, platforms and tools to            
interact with one another. 
In the United Kingdom’s (UK) Energy industry, smart meters are currently being            
deployed by energy suppliers to their customers. These are presented as a revolutionary             
device that supports a more efficient energy use at home and/or in the workplace, and               
helps customers save on their energy bill and reduce carbon footprint. 
Using interpretivist phenomenological Human-centred qualitative research, The thesis        
work explores the impact of using smart meter devices, as perceived by UK customers, in               
helping to monitor, use and manage energy consumption at home. Also, the study looks              
into alternative technology and customers’ expectations in the context of energy           
efficiency. And finally, the principles of a design is presented to respond to customers              
demands and desires. Passive participant observation, Future workshop and inspiration          
cards session are the methods and techniques applied in this research to collect  data. 
The findings constitute good grounds for individual consumers to be aware of the             
opportunities made available by alternative technology. At organisational level it is a            
basis for energy suppliers to change their behaviour towards a changing demand and             
adapt by switching their core business to supplying Information and analysis as well as              
energy efficiency management solutions. At societal level government bodies and          
regulating agencies can tackle sustainability and green energy issues by controlling the            
profit driven character of privatised energy companies and responding to real market            
demand as perceived by consumers. 
Emerging technologies present opportunities that have the capabilities of breaking the           
status quo of energy supply industry in the UK as well as the rest of world. 
The value of this research is to show customers’ perceived reality and expectations, as              
well as opportunities to change the way energy is supplied and consumed. 
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1. Introduction 
 

This chapter introduces the subject of the thesis with a background, purpose statement             
and relevance of study. research questions or hypothesis, as well as a topic justification of               
the and concludes with the scope of work or disposition of the thesis work. 

 
 

1.1. Background 
 

Advances in technology continuously reshape habits, behaviours and interactions         
at individual, organisational and societal levels (Walsham, 2012) as well as transforming            
the ways in which people live and work. Whether at home or in the workplace, indoors or                 
outdoors, people, companies and governments are confronted to new technologies and           
are forced to adapt to a never-ending evolving technological environment          
(Beynon-Davies, 2013). Information and Communication technology (ICT) is pervasive,         
as as the name suggests; it is the bearer of crucial information, analysis and responses to                
the recipient, and assists in processes such as understanding phenomena and taking            
appropriate action. It also provides communication means, platforms and tools to interact            
with one another. 
In the United Kingdom’s Energy industry, smart meters are currently being deployed by             
energy suppliers to their customers, and are presented as revolutionary devices that            
support a more efficient energy use at home and in the workplace, and helps customers               
save on their bills and reduce their carbon footprint. 
The Internet of Things (IoT) provides further development possibilities and is the base of              
a smart home. It consists of a variety of interconnected objects such as tags, sensors,               
mobile phones, cameras...etc that interconnect with each other forming a link, or a web of               
links, of cooperation with neighbouring devices in order to reach common goals (Atzori,             
Iera and Morabito, 2010). We are inevitably moving towards pervasive presence of            
technology at home. From a sensor that detects your car approaching and triggers a              
rotating motor that will open the house gate, to a panic alarm system that is connected                
from inside the house to the local healthcare centre, homes are getting smarter. 
However, with new technologies emerging such as machine learning and Artificial           
intelligence, pushing the boundaries of the material possibilities and digital capabilities,           
humans’ expectations are also pushed further when defining a smart home and how it can               
truly assist humans in reaching ever more independent level of living. 
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1.2. Purpose 
 

The aim of this research is to explore whether current home technology systems,             
and specifically smart meter devices, made consumers more energy efficient, and to            
explore the future of smart greener homes from the consumer’s perspective, as well as to               
elicit the principles of designing a future greener smart home. 
This thesis work therefore presents and summarises the research process that was carried             
out for a period of approximately 12 weeks. The subject of this work is the use of current                  
devices, such as smart meters, and looking into upcoming smart technologies towards            
greener homes. Therefore, this work project aims to provide an understanding on whether             
people in the UK, who are already using smart devices provided by energy suppliers to               
monitor and manage their energy consumption in their homes, think that these devices are              
making a substantial difference in their lives. And if not, what is expected from new               
technologies to provide to support their needs in that particular context. 
The study looks into some of the new technological advances in order to find the basis of                 
a theoretical solution that effectively improves the energy supply and management at            
home. From there the study elicits the principles of designing a smart and greener home               
that includes types of features powered by new technologies in view to respond to the               
needs and desires of the group involved, and by assumption of linear expansion, to the               
rest of home users, in the sector of energy supply and management. 
 
 

1.3. Relevance of Study 
 
The study is of relevance to Information systems research for a number of             

reasons. These include, firstly, that the advent complex of network technologies which            
enable technological artefacts to talk to each other has substantial possible implications            
for the use of the information that results by individuals. At present we know very little                
about the perceptions of people about the use of this information. As we shall see,               
research, with a few exceptions, has concentrated on the technical and organizational            
aspects of the IoT and has paid very little attention to the attitudes and expectations of the                 
user. It should be obvious that the successful implementation of new systems in the home               
will depend upon the degree to which they are accepted by users. The research I have                
undertaken aims at getting an initial sense of what the needs, concerns and attitudes of               
users when confronted with technologies which work ‘in the background’ might be. Put             
simply, there has often been a ‘technology led’ emphasis on IoT development, an             
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emphasis which has been critiqued by demand based on user-centred design,           
participatory design and value centred design (Norman et al., 1986). It also aims to be               
relevant to companies supplying energy to understand further the needs and desires of             
people and work to provide solutions that truly respond to the expectations of their              
customers as well as finding a viable commercial solution for their business to face the               
challenges of the future. With smart devices at homes, Information service providers and             
other Companies are interested in collecting and analysing data generated by a much             
bigger number of devices, setting new trends in data and customer behaviour, hence             
involving new trends in the type of services offered. Also, the study is of interest to other                 
companies that currently supply current homes with power who will ultimately see how             
power is decentralised to smarter and greener homes, possibly creating a need to shift its               
core business from Energy supply to perhaps Information and technology services.  
It is also an interesting study for governmental bodies that will see how smart homes               
powered by new technologies have the power to change the demand in energy supply and               
management. 
 
 

1.4. Focus Questions 
 

The thesis work seeks to answer the following questions: 
- What is the current situation of energy supply and management in UK smart homes? 
- What are the perceptions, needs, concerns and attitudes of people using smart meter             

devices as a tool to increase energy efficiency? 
- With the use of new technologies, how can this situation be improved in the future in                

order to respond to our studied customers group’s needs and desires for a future              
smart home in the context of energy supply and management? 

 
With these focus questions the thesis work explores the awareness, understanding and            
adoption of potential of smart greener home solutions in the context of supplying and              
managing energy within the UK. To this effect, a number of qualitative methods are              
employed in order to interpret the needs and desires of people. These methods consist of               
an observation, an inspiration cards session, and a future workshop, and are detailed in              
the methodology and methods section below. These methods help generate material to            
answer the research questions. 
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The group that this study focuses on consists of 12 people, based in the UK, that use                 
smart devices in their home in general, and specifically to monitor and manage energy              
provision and use at home 
 
 

1.5. Thesis disposition 
 

The thesis work starts with an empirical setting by positioning the work with a              
review of relevant literature. The review includes background presentation on initiatives           
for raising awareness on energy consumption. This is followed by an emphasis on             
Information and communication technology (ICT) as well as the Internet of things (IoT)             
and its effects on people, put forward by international scholars. From there the context is               
further emphasised by presenting and discussing the concept of smart homes and smart             
meter devices. Finally, The concept of green living is also discussed, and new             
technologies that could achieve that purpose, such as big data, artificial intelligence and             
machine learning, are also presented. 
The empirical setting is followed by the empirical work and includes considerations of             
the paradigm, methodologies, methods, data collection and analysis, evaluation and          
ethics. 
The outcome of the analysis is presented in the following section. This includes a              
summary of findings and the presentation of themes that emerged from the empirical             
work, as well as the integration into the knowledge base. 
Finally, the thesis work concludes with a section that elicits the principles of designing a               
smarter green home, with the presentation of design solutions that are available or             
emerging in the market today, and based on thematic analyses of findings from data              
gathering. 
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2. Empirical setting 
 

This chapter serves as a base for positioning this research. Firstly, related literature and              
studies is discussed, followed by a series of key concepts that help frame the research               
with topics such as IoT and Smart homes, Smart meters, Green living and introducing              
new technologies like Machine Learning, Big Data and Artificial Intelligence (A.I.). 

 
 
 

2.1. Positioning 
 

Darby (2006) argued in her review on the effectiveness of feedback on energy             
consumption, that domestic energy use remains invisible to the customer. Indeed, most            
people only have a vague idea on the energy that they are using for different purposes and                 
therefore feedback is important for users to know what sort of changes they could make               
in their day-to-day lives that will affect consumption. However, the report focuses on             
how people change their behaviour and not on the detail of the technology used. 

It is argued that ”the scale of the challenge facing the UK in reducing carbon emissions                
and maintaining adequate, reliable energy for the future is set out in the recent energy               
review paper (DTI 2006). There is clearly an enormous task ahead in terms of developing               
more sustainable ways of living and there is a growing recognition that energy efficiency              
alone is inadequate to achieve the aims of a major reduction in carbon emissions (see               
Boardman et al. 2005 for a discussion of issues for the residential sector). Many Energy               
Conservation Authorities are behind schedule on progress towards their targets under           
the Home Energy Conservation Act and the indications are that their reporting            
arrangements are unreliable, overestimating levels of improvement in the energy          
efficiency of the housing stock (New Perspectives 2004). In spite of professed public             
concern about climate change, improved appliance efficiency and information         
campaigns, domestic electricity consumption rose by 6% in the third quarter of 2005             
(DTI press release, 5.1.06). Energy supply and consumption are socio-technical in           
nature: technology and behaviour interact and coevolve with each other over time. It is              
well established that technical and physical improvements in housing are not enough to             
guarantee reduced energy consumption. Consumption in identical homes, even those          
designed to be low-energy dwellings, can easily differ by a factor of two or more               
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depending on the behaviour of the inhabitants (Sonderegger 1978; Curtis 1992- 93;            
Keesee 2005). Any attempts to change the patterns of supply and consumption therefore             
have to take into account the interfaces between supplier, technology and consumer and             
the ways in which these can be improved. This is where feedback issues enter the               
debate.”. Darby’s review solution focuses mainly on smarter ways of metering as well as              
informed billing as promising ways to feedback energy consumption to customer.           
However, the intent is to confirm whether this alone is enough to give control to the                
customer, and if not, what further solutions could be implemented into that effect from a               
customer’s perspective.  

Also, legislation in Europe recognised the importance of such feedback and advised            
energy companies to allow more control to the customer by providing meter solutions to              
customers (Garay & Lindholm, 1995), and also empower customers with energy choice,            
i.e. easier to change providers without penalising contracts (Harrigan et al., 1995). 

”‘Smart metering’ or ‘advanced metering’ is proposed as a promising way of developing             
the UK energy market and contributing to social, environmental and security-of-supply           
objectives. Five years ago, the Smart Metering Working Group estimated that meters            
offering more information to consumers could help reduce household consumption of gas            
and electricity in addition to other potential benefits (SMWG 2001). A new European             
Directive requires a substantial improvement in the information given to energy           
consumers (see box) and there has been a considerable debate on the future of metering               
in the UK, with Ofgem carrying out consultation on domestic metering innovation at the              
time of writing. The Ofgem consultation in 2005 on the regulatory implications of             
domestic-scale microgeneration is also relevant: increasingly, householders are        
becoming generators as well as consumers of energy.” (Darby, 2006). 

Since 2006, the implementation of feedback devices has happened up to a certain extent,              
and more and more houses are now equipped with smart devices that provide indicative              
figures on consumption. However, as these devices are mainly supplied by the energy             
supplier itself, the information remains somewhat vague and people do not seem to be              
aware of precise methods to bring significant change of energy consumption in their             
house (Owen, 2006). 

This study will build on the Darby’s paper in order to assess the situation today of                
customers’ awareness and ease of understanding of these devices, and whether they have             
provided significant change into their lives. The focus will be on the reporting indicators              
provided by these devices and whether they are effective in making a significant             
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difference in the energy consumption. i.e. the bills. The intent of this research is to               
explore whether the feedback devices used have caused a significant reduction in energy             
wastage and increased savings of energy in an efficient manner, and whether people have              
been able to interpret the feedback and deciding what course of actions to take              
influencing therefore people’s behaviour. This study will also be exploring new ways in             
addition of feedback, for example information and advice, as well as other technological             
devices. 

The State of the Smart Home report by Icontrol Networks (2015) suggests that smart              
home needs to tackle issues in reality. Indeed, the report showed that simplicity and              
ease-of-use trump technological innovation – and today’s consumers want devices that           
solve real, everyday problems. Although Security was the number one concern of home             
occupants, the research found that there is a clear benefit to promoting cost savings and               
related energy efficiency in the smart home, with 70% reporting excitement around this             
factor. Similarly, the potential convenience of programming home settings and the ability            
to help the environment are also factors that drive excitement among nearly half of              
consumers. 

Similarly, In GFK’s report on Smart Homes (2015), and on a survey conducted on over               
7,000 people from 7 different geographical markets, it was found that almost equally to              
security (55% appeal), energy is the area that is most appealing in a smart home with                
53% of interest (Dale, 2015). 

However one question raised by the report was whether consumers are ready for the              
smart home? This study will therefore explore the awareness of people to smart home              
devices and in particular which smart home products or solutions are of most interest              
within the energy section. Products that will be discussed in the study will be such               
devices as Smart thermostat, Energy manager, Smart control radiator, Smart meter           
(energy meter), Monitoring of boiler at a distance, and Smart light & temperature control;              
as well as other technologies such as wind power, solar cells energy, sun and light related                
energy, water pressure control, heating system, Charging unit for Electric vehicles, etc...            
(Hansen et al., 2013 & Keese, 2005). 

Harper (2003) edited Inside the Smart Home, in which the idea of a smart home led by                 
technology was explored. Based on case studies of contemporary technological projects           
undertaken and presented by international companies such as “Orange” or “Philips” to            
achieve the dream of smart living, Harper looks at the designs and technologies behind              
the innovations and the time-saving, security and environmental benefits it can present.            
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Simple examples include remote and automatic light switching controls, remote front           
door locking, or automatic stock assessment and placing restocking orders.  

It is also argued, however, that due to the complexity and diversity of domestic life, the                
adoption and use in the home of new technologies has not been as successful as initially                
anticipated by these companies, and that the concept of a smart home is therefore in               
constant need of further examination to determine the roles and practicalities of these             
new technologies. 

Almost a decade later, Harper (2011) edited The Connected Home: The Future of             
Domestic Life, where the idea, or concept, of smart home is shown to have shifted in time                 
from a home that was initially thought to provide technologies that essentially will fully              
perform tasks that were taken by the householder, for instance cooking and eating habits,              
into a rather “connected” home concept, where the technologies used are such as online              
gaming or social networking (Facebook, Skype…) or internet browsing (weather,          
recipes…). In fact, the connected home is now not only a concept but a reality as these                 
connected home technologies are already an integral part of today’s home environment. 

A couple of years ago, a new paradigm was presented: The Wise Home. Indeed, while               
the Smart Home focuses mainly on automation technologies and their applications at            
home, dictating sometimes a complex process to the user, in the Wise Home new              
dimensions are introduced: Human-Computer Interaction (HCI) and User Experience         
(UX). A Human-Centred approach to respond to the end user’s needs (Leitner, 2015). 

To validate the Human-Centred dimension to Smart Home Design, Tom Hargreaves &            
Charlie Wilson recently argued that the success of technologies in transforming lives at             
home can only happen if the technology is adopted and used by the end user, enhancing                
the idea that users are a central focus when it comes to designing new technologies for                
smart homes, and paving a way to an analytical framework to study and understand smart               
homes and their users (Hargreaves and Wilson, 2017). 

Finally, Gerhard Leitner et al. go one step further by using the User-Centered approach to               
introduce a way to design, implement and test an intuitive interaction model. A             
technology that adapts to the user, rather than the user adapting to the system (Leitner,               
Brown, and Fercher, 2017). 
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2.2. The effects of ICT and IoT on people 
 

Walsham (2012) states that Information and Communication Technology is         
pervasive and included in all aspects of people’s everyday life. Mobile phones and its              
uses in social networking is one example of the pervasive technology. Also, technology             
plays a crucial role in the proliferation and advancement of disciplines such as             
economics, computer science, sociology, pure science like Mathematics, chemistry,         
physics, biology & Medicine...etc, and last but not least, due to its constant development,              
IC technologies occupy a central role in all organisations and business sectors. 
 
Bradley’s convergence theory presents the effects of ICTs on people. At individual level,             
using and interacting with IC technologies have had both positive and negative effects on              
the individual. As an example adding a participation in different online social platforms             
has an impact on people’s identity and feeling of self-perception. In addition to the              
identity example, some personal aspects of the individual have been changed by ICTs.             
These attributes include, but not limited to, identity, social and other competences,            
perceptions of oneself as well as the environment, privacy and trust, dependency...etc            
some aspects were strengthened, and others weakened by the involvement and impact of             
the ICT. Such feelings and experiences could generate other feelings such as stress or              
dependency. At an organisation level, the interaction with ICTs can help increase            
productivity of the team by adding efficient systems and processes. And finally, on a              
societal viewpoint, the adoption of ICTs can push some individuals or groups to “fall off               
the technology wagon” and become marginalised from the new and changed standards of             
society (Bradley, 2010).  
 
The Internet if Things (IoT) is a derivative concept of Information and Communication             
Technology (ICT) and consists of different devices, appliances, and other artefacts being            
connected in the environment to one another via a common network. Indeed, these             
technologically advanced objects have the ability to generate Data about their           
environment, transmit and receive information, potentially analyse it and act on it, and             
the ability to sense if equipped with adequate sensors, or monitor and react to other               
objects and/or humans’ behaviour. Through the use of integrated sensors, these devices            
become capable of a digital presence or existence, and are enabled to communicate with              
each other through one or more network(s) (De Roeck et al., 2012). 
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IoT seems to currently be technology-driven and perceived by many as a system             
challenge to be developed and perfected for different technical aspects. Related social            
issues for instance such as privacy, security & trust are still tackled from the technical               
viewpoint. This is mainly due to the technological hurdles that remain to be solved. one               
important point worth mentioning about IoT, however, is that it is not exclusively viewed              
as a purely technical system, but rather a human-centered interactive one (Koreshoff et             
al., 2013). 
It was also argued that a system will only be effective to humans if it treats issues related                  
to humans. Indeed, a connected environment of systems is only relevant and useful in              
people's’ lives if, and only if, it resolves issues that go further than just assembling               
technical hardware and software together, or more precisely processes such as           
computerization, automation, and networking. Instead it needs to include designs that           
take into account dimensions exclusive to humans such as social aspects and interaction.             
Hence, IoT adoption and use is conditioned upon the understanding of sociotechnical            
aspects, as well as technological and technical design (Robertson & Wagner, 2015). 
with IoT, and in an effort to complement humans lives, the focus is therefore shifting               
towards school of thoughts involving humans in the centre stage and their behaviours,             
tasks, routines and other activities as well as their needs. (Kortuem et al., 2010) 

Technical aspects such as programming, coding and other computational process models           
to support the hardware structure is therefore complemented with human-centered aspects           
such as the understanding that humans make of any given situation, scenario or             
environment, as well as social and interaction processes, in an attempt to produce systems              
that are fit for the purpose of human life supplement. 

This view gives a solid foundation to the project that focuses on the human perspective               
and interpretation of a smart meter device equipped with IoT technology, and that is              
advertised by the companies that implement it in people’s homes, as a revolutionary             
device that will provide humans with control over their energy consumption at home.  

Perhaps due to appliances at home such as the cooker, microwave, toaster or washing              
machines are not yet equipped with communication skills, many think of IoT as some              
new devices that will only start to impact lives in the next 10 years. However, we can                 
give examples of some current applications that show that IoT is very much a thing of the                 
present life, not a decade long projection. First example is connected cars that show live               
traffic information or perform real-time vehicle diagnostics, or the London tube           
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(Underground) Oyster card used to collect and analyse data relative to travelling patterns.             
Also, in the healthcare sector, watches and other wristbands that can connect to the              
internet and can analyse data relative to your walk, trekk, or run and monitor one’s               
cardiac rhythm and the overall person’s wellness. At home or the workplace, security             
systems that can be remotely controlled and/or monitored is also an example of IoT              
already applied in people’s actual and present lives. 

IoT is however a wide concept with potential for application in a multitude of domains               
and environments. It is only the beginning and we are only scratching the surface of IoT                
capabilities. The international Data Corporation (IDC) estimates that by 2020 there will            
be a 212 Billion army of connected devices in the world, shaping connectivity to a new                
norm or standard. IoT is a quintessential technology in the project of moving towards              
smart self-driven cars, smart homes, or the connected healthcare. 

Current issues that are arising from IoT relate to, but are not limited to, the shier volume                 
of data generated by IoT technology. These issues include accuracy, performance and            
adaptability, as well as privacy & security. Example of questions to address would be if               
we simply assume that any available information is accurate? and how to distinguish data              
that is relevant from such a vast amount of information; and finally, how to to extract                
valuable knowledge.  

 

2.3. Smart Homes 
 
Jie et al. (2013) described a smart home as a place of residence in which a                
communication network is in place between a number of smart devices. Smart devices             
are connected objects or artifacts - it can be Radio Frequency Identification tags (RFID),              
sensors, cameras, electrical appliances, smartphones and TVs, thermostats...etc - allowing          
them to be remotely accessed, monitored and controlled.  
The concept includes the Internet of Things (IoT) as the pervasive presence of a variety               
of devices, which, through the use of unique identification mechanism, are able to             
communicate and share information with each other via a communication network such            
as the Internet (Atzori et al., 2010). 
While a traditional home includes objects, artifacts and devices that are working            
independently with one controller for each appliance, a smart home is based on the idea               
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that these appliances can be integrated into one connected system, making them able to              
cooperate and communicate. Home automation is one function of the smart home with             
devices such as remotely operated light switches and dimmers or surveillance cameras            
that can be monitored from anywhere in the world, or thermostats that can be remotely               
adjusted from the tip of a finger on smartphone. Energy meters allow the control of               
consumption in real time. These are mere examples, as a general overview any home              
device that can be operated, monitored, or that receives or sends information without             
physical interaction is considered part of the smart home. Hansen et al (2013) state that               
home automation enabled by smart homes, has significantly increased in popularity in            
recent years due to the simplicity of technology and ease of use. 
 
 

2.4. Smart Meters 
 
Smart meters are the new generation of gas and electricity meters which are replacing the               
traditional meters in our homes. This new type of meter has the capability to              
automatically send energy consumption readings to energy suppliers. In order to issue            
energy bills, energy companies traditionally relied on people physically performing the           
task of reading the meter and reporting. This process has somewhat margin for many              
flows in the sense that the cost of an armada of staff whose purpose is to perform meter                  
readings for millions of premises (households and businesses) across the country comes            
at a considerable and most importantly avoidable cost, considering the ease of data flow              
via internet and/or radio waves. In an attempt to limit the costs, companies have used               
another system where the customer can perform a self reading and report to the company               
on a periodical basis. obvious challenges of control and accuracy arise. customers driven             
by keeping their bills stable and under control could effectively provide a reduced             
consumption figure that the company is unable to verify remotely. Another traditional            
system followed was estimative billing based on estimates of meter reading. These            
estimates are set by the company and leave it open to different types of disputes with the                 
consumer. One example would be £10 per month underestimated bills produced for a             
period of 5 years. Upon an actual reading that takes place after that period, the company                
adjusts the situation and produces a bill of arrears worth £600 that the consumer is unable                
to cover for obvious reasons. Another example would be a £10 per month inflated              
estimate bills for the same period, however for logistical or any other reasons the              
overcharged amount remains unclaimed.  
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Smart meters take regular readings and share these wirelessly, through a secure network,             
with your energy supplier. This ensures the accuracy of energy bills issued at any point of                
time and manual readings are no longer needed. The portable in-home display is a              
complementary device that provides consumers in almost real time with energy           
consumption information expressed as monetary cost in pounds and pence. Smart meters            
and portable in-home displays are being offered free of charge to more than 30 million               
households and small businesses across the United Kingdom. This infrastructure project           
has already started and is currently ongoing. According to the governmental agency            
Smart Energy GB, up to date around seven million smart meters were successfully             
installed and by the end of 2020, around 53 million smart meters will be installed in over                 
30 million households and businesses in the United Kingdom. 
Currently in the UK, as with the Telecommunications industry, energy is provided to             
customers as a prepaid or credit plan. In the future, smart meters will enable easier and                
faster switching between suppliers, as well as between credit and prepaid plans. 
Automating the process of meter reading, hence billing, has multiple and clear benefits to              
the energy supplier. In addition, the collected data is of real value in order to analyse                
consumer consumption, behaviour and patterns. However, reports suggest that consumer          
confidence is not at its highest. 
Figure 1 below shows a picture of a smart meter device. A sign composed of three waves,                 
similar to Wi-Fi signs, is visible on the device. This is the main characteristic of the                
device and means that information can flow from the device wirelessly. 

Figure 1 - Smart meter device 
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Figure 2 below shows a picture of the portable display unit. This unit is usually a screen 
that is placed inside the home and made available to the user. It shows information 
related to some of the information gathered and provided by the smart meter device. In 
this instance, we can see today’s usage of electricity and gas, shown in pounds; as well as 
the level of current usage expressed in pounds per hour (monetary value). 

figure 2 - Smart meter portable display screen 
 
 
 
  

2.5. Green Living 
 

Green living is another concept that is of importance in this research. According             
to the governmental agency green choices, climate change is a science reality that has              
potentially catastrophic impacts on our planet with the rapid and significant increase in             
global temperature resulting from the phenomenon of greenhouse effect. Indeed, gas           
emissions have increased exponentially since the industrial revolution involving human          
activities such as burning fossils for fuel. This enhanced the greenhouse effect and so              
warming up the planet. 
Green living is about the choices we make in our everyday lives to protect our               
environment, for the common benefit of all. Green alternative choices make a real, lasting              
difference. 
The United nations are continuously setting new goals to reduce carbon footprint and             
these changes are also implemented by a number of states in the form of policies that                
affect us at societal, organisational as well as individual levels. 
Home is probably the area where we have most control of our actions. And most               
activities conducted at home like heating, lighting or cooking use energy. We therefore             

 
  20 (64) 

 



 

 

 

 

have the potential to make significant changes by making simple energy saving choices             
in our homes. 
However, the costs of energy is another significant parameter that is considered when             
taking decisions about energy use and green living. Indeed, according to the watchdog             
named ‘Which?’, an analysis was conducted on annual spending on gas and electricity,             
and it showed that this has rocketed by 52% above inflation in less than 10 years, and                 
energy bills have increased three times the rate of inflation in the past year (Guardian,               
2017). This is despite wind power becoming cheaper than nuclear energy (Sauven, 2017)             
and despite consumers using less energy (Guardian, 2017). One example is British Gas             
hiking its electricity prices by 28% from 15-Sep-2017 creating concerns amongst           
consumer experts of a trend setting move that could be followed by rival energy suppliers               
just before winter (Kollewe and Elgot, 2017). Also, The regulations brought by the             
European Union pushed a rise in energy-efficient appliances like fridges, freezers and            
boilers. This has helped reduce household energy bills since 2008 (Harrabin, 2017).            
However, it is argued that Clean Growth plan for an efficient low-carbon society is              
already many months behind schedule and the UK government was therefore unable,            
either directly or through regulating bodies, to control energy suppliers and as a result, in               
the past year alone, energy bills have increased three times the rate of inflation (Hawkes,               
2017). This can actually be the main drive for people looking for green alternative ways               
to source and manage energy as consumer confidence in energy companies driving prices             
down does not seem to be a realistic prospect. 
 
 
 

2.6. From IoT to New technologies 
 
Machine learning is a subfield of computer science that has evolved from pattern             
recognition and computational learning theory into artificial intelligence. It allows          
computing devices to learn from existing information, through the construction of           
algorithms, in order to behave more intelligently (Schapire et al., 2008). One application             
of machine learning is the ability of smart devices to learn to perform better in the future                 
based on the data it experienced, and to predict energy consumption trends and perform              
without the intervention or assistance of humans to reach efficiency in energy use. 
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Whilst the amount of devices that are connected with Internet, all providing a multitude              
of data, we factor in the ever-growing intellectual capabilities of machine learning            
technology. When these two streams are combined we will see an explosion of big data               
that will be available on the Internet and that represent the digital version of the reality. 
Issues will arise from the enormity of data made available by the combination of IoT and                
machine learning technologies. These issues include accuracy, performance and         
adaptability, and privacy & security. Example of questions to address would be if we              
simply assume that any available information is accurate? and how to distinguish data             
that is relevant from such a vast amount of information; and finally, how to to extract                
valuable knowledge. 
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3. Research strategy 
 

This chapter presents the Epistemology, Ontology as philosophical base, and paradigm           
that are followed in the thesis work. Methods used in the Participative Design process are               
also presented. Finally, Data Collection & Analysis processes are explained, as well as             
the Criteria for evaluating the research and the chapter concludes with ethical issues to              
consider. 

 
  

 
 

 
3.1. Paradigm 

 
The paradigm was described by Kuhn (1962) as a set of concepts & practices that define                
a discipline. This is the set of common beliefs and agreements shared between scientists              
about how problems should be understood and addressed. 
The work project focuses on an interpretive phenomenological Human-centred design          
(Walsham, 2006), therefore we will follow the interpretivism paradigm, also called           
anti-positivism, in our research in order to avoid rigid structural frameworks such as in              
positivist research, and adopt a more personal and flexible research structure (Carson et             
al., 2001) that captures meanings in human interaction (Black, 2006) and make sense of              
what is perceived as reality. The knowledge acquired will be socially constructed rather             
than objectively determined (Carson et al., 2001) and perceived (Hirschman, 1985 &            
Berger and Luckman, 1967), which in our case we believe is most appropriate. A              
qualitative approach that aims to understand phenomena by looking at meanings people            
assign to them (Myers & Klein, 1999). A design of a smart home made for humans by                 
humans. 
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3.2. Methodology 
 

“One approach to ensure a human-centred focus in the evolving agenda of the IoT              
is to draw upon Participatory Design. This is because Participatory Design has an             
inherent concern for co-designing with people, encouraging people to imagine and shape            
how technology can best work within their lives.” (Koreshoff, Robertson & Leong, 2013,             
p. 341). Participatory Design is believed to play a crucial role in the process of designing                
a solution that has human-centricity at its core. Bradley developed the convergence            
theory on ICT where the concept of human-centricity is key to achieve ICT contribution              
towards the good society (Bradley, 2010). 
Following the convergence theory, Participatory Design is one appropriate approach to           
take in this work project as it includes humans at the heart of the study.  
As a method, it has its roots in the Scandinavian tradition of using the whole power of                 
technology with a human-centred approach, while giving serious attention to the           
achievement of a common-shared vision between all the stakeholder (Mortberg et al.,            
2010). 
Contrary to the quantitative research where researchers usually distance themselves from           
the participants and the research question, in qualitative research the researcher takes an             
inevitable participatory role (Merriam, 2009; Moustakas, 1994).  
The phenomenological approach dictates that the researcher is also one of the            
participants, and the other participants are also co-researchers; anyone participating in           
design work that includes the use-oriented shaping of digital artifacts is in principle an              
interaction designer. 
Therefore, the researcher will relinquish biases and look at the topic with a fresh eye. the                
researcher has experienced the same phenomenon so that experiences of both the            
researcher and the participants can have a connection. Eventually, all participants in the             
research will describe the same phenomenon from different perspectives (Creswell, 1998;           
Merriam, 2009; Moustakas, 1994). 
In Descartes' (1641) epistemic principle of methodic doubt, also known as Cartesian            
skepticism, it is highlighted that “those who are seeking the strict way of the truth should                
not trouble themselves about any object concerning which they cannot have a certainty             
equal to arithmetic or geometric demonstration”. Although this is a qualitative research,            
this philosophical idea is followed here in the sense that the researcher will practice              
Epoché in order to avoid prejudgment and/or biases during the course of this research and               
enter into the research with a fresh eye. 
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3.3. Methods & Techniques 

 
There are a number of methods, tools and techniques within the area of             

Participatory Design. Brandt (2012) stated that Participatory Design is not only one            
approach but rather a proliferating family which hosts many design agendas and has a              
variety of toolboxes. The available tools and techniques are to be combined, adapted and              
complemented in order to form newer Participatory Design practices. Some of the            
available approaches for designing with users are storyboards, walking through as well as             
card methods. 
Different tools and techniques are suitable for different purposes such as storyboards,            
observations, inspiration cards, collaborative prototyping, future workshops, cartographic        
mapping, etc. (Brandt et al., 2012; Mörtberg et al., 2010). In this work project we intend                
to include future workshop, inspiration card and passive observation as three           
complementary methods to understand humans’ needs and desires, as well as their            
priorities for a future smart greener home. 
According to Jungk and Müllert (1981) the future workshop method is related with a              
process of planning and enacting possible future outcomes, while the involvement of the             
stakeholders takes place, with the use of various phases as a method, through a joint               
proposal for change.  
 
Halskov and Dalsgård (2006) stated that Inspiration Card workshop is a collaborative            
method that is used to inspire, express and explore ideas, emotions and values. This is               
strengthened by Wölfel and Merrit (2013) who argued that this method can be used for               
different purposes such as idea generation, engagement, communication and empathy. 
The Inspiration Card method is intended in our project work as a complementary method              
to the Future Workshop in order to identify needs and desires that the previous workshop               
may not have helped to identify. According to Halskov and Dalsgård (2006), Future             
Workshop is a highly structured process with defined phases which all have certain rules              
and restrictions. Inspiration Card on the other hand is an informal method with minimal              
structure together with sources of inspiration that could enable the participants to identify             
additional ideas. 
The Observation is another method that, together with the previously mentioned methods,            
has the potential to make a significant impact in our work project. Indeed, it will               
complete the study by providing validation or conflictive information on people’s           
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behaviours in their natural habitat, such as their home. With this method we acknowledge              
the fact that it could reveal some crucial context points that could possibly not be spoken                
of during the workshops. 
 
 
 

The Participants 
 

  
The whole project initially consisted of a total of 12 participants. All participants were              
selected because they had a smart meter device installed in their home for at least 4                
months. The selection of the participants was not based age, gender, social status or on               
how savvy they are with technology, energy or green living knowledge. The only criteria              
being having a smart meter device installed at home is to this project a representation of a                 
larger UK population. The project sample of participants is therefore a representative one.             
For the benefit of the accuracy of findings in this project, it is important to have a                 
representative sample because random selection will enable the findings to be           
generalised, to a certain extent, for all specific samples in the population. 
Like the number of methods used, the participants were separated into three groups.             
Regarding the future workshop method, it consisted of 5 participants (first group). The             
inspiration card method consisted of another 5 participants (second group). Lastly, 2 of             
the participants were selected for observation sessions (third group). 
The main idea behind separating the pool of participants into three groups was that we               
selected different methods in each one of the groups. This ensured a higher reliability of               
findings as an interesting question would be to see if different groups express similar or               
divergent needs and problematics during the process of the 3 methods.  
The 2 observation sessions were conducted at the participants respective homes in times             
of high pressure for energy use, which are either early morning before the family went               
out to their daily routines (school & work commute), or early evening as the family               
gathers back in the household. The inspiration card method was held in one single session               
and the future workshop also in one session held during a work gathering where all the                
five participants were able to attend, the inspiration card methods was however held in              
the house of one of the participants that were selected to participate in this method. 
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3.3.1. Method 1 - Future Workshop 

 
The future workshop method involves a planning process and enacting possible           

future outcomes, as the involvement of the stakeholders takes place, with the use of              
various phases as a method, through a joint proposal for change (Jungk and Müllert,              
1981). 
The phase of critique is when suggestions are systemised as the involvement of             
participants becomes notable and is at its highest. The process of prioritising ideas and              
finally when participants visualise clearly what can be deemed achievable (Mörtberg et            
al., 2014). 
Future workshop was selected as a PD method because the deep involvement of the              
participants in the process during this session shows several beliefs and values as a result               
of this work session. This is also an appropriate method to explore participants minds and               
wishful thinking for an utopic future. Usually participants enjoy being a participant in this              
method because it allows them to think critically about things that they wish to change in                
their experience, and also because it triggers a creative side in their minds by imagining               
the best possible way that they wish to have in a perfect future.  
 
Future workshops are usually composed of five phases, or stages and are as follows: 
- Preparation phase where space was prepared with some drinks and nibbles in            

order to provide a friendly and welcoming atmosphere. The more at ease the             
participants are the more likely they are to freely think, criticise and imagine an              
alternative that suits their desire; 

- Critique: In this phase the current situation is described clearly and problematics            
expressed; 

- Fantasy phase: In this phase, ideas for an utopian, idealistic world were generated,             
not taking into consideration any limiting factors such as costs, time, societal            
values...etc; 

- Realization phase: the ideas generated in the fantasy phase are codified, analysed,            
and prioritised. This time, prioritisation takes into account limiting factors;  

- Follow-up phase where results and feedback are shared  
(Kensing and Simonsen, 2004). 
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The future workshop session was carried out in the conference room in a workplace.              
None of the participants was required to make any preparation nor bring note paper or               
any other item. Upon starting the session, and after providing a clear explanation of the               
purpose of the workshop, a constructive discussion started with the participants and we             
talked about the smart device and its current situation and problematics as well as future               
needs.  
A deliberate choice was made to keep the session as simple as possible and not interfere                
with laptops and other devices, as the object of the gathering was indeed a smart device.                
No technological gadgets were used to criticise another technological device. Each           
participant was requested to express what they perceive as a problem and these were              
added as we go on the left column on the whiteboard. 
In order to create and maintain a trust relationship between the participants and me as the                
researcher, I presented myself in some aspects that the participants did not know. A              
couple of heavy jokes helped put everyone’s mind at ease. A relaxed person is in               
principle inclined to share their mind truthfully. After the introductions, and in an attempt              
to put the shy participants at ease, I explained that there is no such thing as a bad idea. All                    
ideas and feelings expressed are equally important to the research, no matter how silly the               
participant thinks it could be. As we entered the critique phase, and in order to receive                
participants thoughts and motivate them to tell in great detail the problematics            
encountered from using the device, we started a small discussion about the benefits of the               
smart meter before switching to the negative, or neutral, aspects of having a smart meter               
device. In this topic, many critique ideas were expressed and added on the whiteboard in               
the left column. Now they can see the concerns, negative aspects etc and we entered the                
prioritisation phase where these concerns need to be put in a priority based order.              
Following with the fantasy phase, it is fun in nature as no limitation is considered,               
creative ideas flowed in their minds. In this phase, ideas emerged as a brainstorming              
without restrictions (van Der Velden & Mörtberg, 2014). And ideas and suggestions were             
all noted on the whiteboard in the middle column. 
The phase that followed was the realisation one. Down to earth, simple, feasible and              
achievable ideas, that are similar in nature as the ones expressed during the workshop              
fantasy part were brought to light and discussed. In the realization phase, an attempt was               
made in order to distinguish which of the proposed ideas are completely achievable in the               
current situation, or the near and tangible future, and which are not. In the last one stage,                 
towards the end of the session, the whiteboard was separated into three categories: The              
Problematics, the Ideal Solutions and the Down-to Earth, or achievable, Solutions. 
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3.3.2. Method 2 - Inspiration Cards 

 
A second session, only this time with different nature and different group, took             

place. Inspiration Card complements the future workshop and has been included in the             
design process as a complementary method to the Future Workshop in order to identify              
needs and desires that might not have been identified during the previous workshop.             
Whilst the Future Workshop is a structured process with defined stages, Inspiration Card             
on the other hand is an informal method without a rigid structure. it is productive to use a                  
complementary method such as Inspiration Card since it provides an inspirational           
approach, which could identify supplementary perspectives. 
Inspiration Card workshop is a collaborative method that is used to inspire, express and              
explore ideas, emotions and values in a casual manner (Wölfel and Merrit, 2013). 
This method can be used for different purposes such as idea generation, engagement,             
communication and empathy. This method combines findings from domain studies,          
represented as Domain Cards, together with sources of inspiration from different           
technology applications, or Technology Cards.  
Preparation of this session includes generating a number of technology cards. Technology            
card examples in our context were for instance wind turbines, photovoltaic array, battery,             
thermostat and remote control, etc. Technology cards are to be generated by the designer,              
whereas domain cards are also generated by the designer, but are being generated during              
the workshop together with the participants as the workshop usually becomes more            
involving and outcomes are often more rewarding if they are being generated during the              
workshop together with the participants. and so, no domain cards generated during the             
preparation phase.  
The workshop was conducted with 4 participants from group 2 as one participant was              
unable to attend on that day. We started the session by explaining the form of the session                 
followed by a presentation of smart meters and in home portable display, as well as a                
presentation of the technology cards. 
Also, a definition of domain cards was given and this opened the discussion in the group;                
The first domain card that was made was showing a utility bill with a red cross on top.                  
This clearly triggered a discussion on the future prospect of slashing energy bills using              
one of the technological cards to achieve it. The second card almost came immediately              
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after the first one, this time by a different participant, and without looking at what others                
were doing, he drew a money note with a round on it; later he explained that he meant £0                   
marked on it, also suggesting that their primary wish is to achieve a zero cost energy with                 
one of the technology card. This time the 2nd domain card was paired with the solar                
energy technology card. 
In total, participants reached several designs, with 2 suggesting a connection of the home              
to renewable forms of energy such as the wind or the sunlight. 

 
 
 

3.3.3. Method 3 - Observation 
 

The observation method originates in the area of anthropology where researchers           
started conducting research by spending time amongst the people they researched; As a             
researcher following a qualitative approach research, I was conscious about the relevance            
and rigour of this research (Mingers, 2003). To consolidate the appropriate choice of             
methods available within the range of qualitative methods associated with interpretive           
studies (Klein & Myers, 1999), and given that the sample of participants in the previous               
workshops was relatively low, I decided to add a passive observation as a complementary              
method to the first two. Indeed, according to Ellen, ethnographic observation methods            
provide a description that is relevant to the people observed, because rather than people              
telling the right thing to say and say what they should do, the observation describes what                
people actually do (Ellen, 1984). This process enables a thorough and visual            
understanding of humans social behaviours and interaction practices in their actual life.            
Also, an observation conducted in people’s home, which is their natural habitat, may             
reveal some important additional points to the context of this research that may otherwise              
be unspoken or omitted during the workshop sessions. 
 
One observation was conducted during a weekday in the evening, as people gather after a               
day at work or school. The people observed are a mid-age couple and their 12 year-old                
kid. The other observation was conducted on a slightly older couple with a 17 year-old               
daughter and a 14 year-old son. 
Both households were recently fitted with a smart meter including a small remote display              
unit, 15 days and 60 days respectively. 
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In order to ensure that the data collected is as accurate as possible given the sensitive                
environment which is the people’s homes, I selected participant who know me and who              
are comfortable with my presence in their home. The fact that they are comfortable and               
used to my presence will ensure that no out of ordinary task or action is taken by one of                   
the home dweller with the observation in mind. In one case I was invited for dinner with                 
one family and in the other, I spent the night there in order to observe and collect notes                  
on the first tasks taken by the family without them realising that I am around. They all                 
were briefed about the observation and its purpose, to which they gave consent.  
Notes were taken by the observer that morning and evening respectively, and            
subsequently codified and analysed in order to consolidate the information gathered           
during the 2 workshops. 
 
Highlights of the notes taken are described below: 
 
Weekend Morning observation: 
It is 7:02am and the temperature is low in this suburban house on the second Saturday of                 
December. I look from the window and the weather looks quite grey, wet and miserable.               
Some marks of snow that fell during the night but not to the point of settling and making                  
a white coat on the garden. 
I can hear the heathers starting as they make a common rattling noise. I get up and find                  
the wall mounted thermostat that indicates that heating is due to begin at 7am and stop at                 
11am, to start again at 5pm until 10pm. I can also hear the water boiler making a                 
recognisable sound of heating water, a bit like a giant kettle. the sound stopped after               
about 10 minutes suggesting that the water is hot and ready to be used. The son is the first                   
one to wake up as he has football practice in a couple of hours time. He comes out of his                    
room with a bath towel in the hand and walks straight to the bathroom for a shower. 15                  
minutes later, he is back in his room getting ready. I proceeded to shower after him, after                 
10 minutes of hot water, the water started to turn cold, luckily I was almost finished so I                  
managed to get clean without freezing. The mother is the next person to wake up, she                
immediately goes to the wall outside the bathroom and turns on a switch. I go closer to                 
the illuminated switch and can read “Water Heat”. In the background the giant kettle              
sound is back. I asked her about it and she opened a door next to the switch that leads to a                     
cabinet where the water tank was. She explained that they deliberately chose a relatively              
small water tank, fit for 2 showers, because it is faster and less expensive to heat. The                 
heating process is set to start every day at 6am to heat the water and have it ready to use                    
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when they wake up. And apart of this system, if needed, the switch was a manual heating                 
command. About 10 minutes later, she turned the heating switch off and proceeded to the               
bathroom to wash. In the meantime, the dad is also getting up slowly. The mom gets                
ready quickly and goes down to the kitchen to start breakfast preparation. She is then               
joined by the Dad who starts the coffee machine. At this point, and simultaneously, the               
kettle was heating water, toaster toasting loaf slices, coffee machine brewing some            
coffee, and the microwave heating a bowl of milk. I notice the smart meter remote               
display sitting on a high shelf in the kitchen and facing the window. The screen was not                 
readable as it was facing the opposite direction. At this point the daughter walks into the                
kitchen and her mom asks her why she hasn’t showered, to which she replied: “The water                
boiler switch was off so I just turned it on and I will go after breakfast”. She then started                   
making eggs and omelettes for everyone. At no point any of the family members have               
looked at the smart meter display unit or even looked for it. It appeared to be slightly                 
dusty and left in a corner as if no apparent need for it was to mention. I concluded at this                    
point my observation, enjoyed a lovely breakfast and drove the son to his football              
practice as previously arranged. 
 
Week Day Evening observation: 
As previously arranged with his parents, I picked the son at his extra-curricular Judo class               
and we went home. The dad was there and had already started cooking dinner. As we                
entered I could feel the warmth of the heating being on for a considerable time. The boy                 
went upstairs for a quick shower before dinner is served. The mom was away on a                
business trip and was only due to come home later that night. So I offered to help with                  
the dinner preparations while passively observing. The son was back downstairs in the             
living room playing a football game on the playstation. As we were cooking and              
conversing, many kitchen appliances were on simultaneously: Microwave defrosting         
frozen fish fillets, kettle heating water for boiling pasta, bread toaster, fruit smoothie             
being prepared in an electric cutter appliance. I was trying to find the smart meter display                
unit but was unable to find it. At the end I had to infringe the passive nature in the                   
observation and asked whether they had one. He immediately started searching for it and              
said: “I wouldn’t be surprised if the mrs binned it!” He then opened a cupboard under the                 
sink and found it in the back of the cupboard, behind some cleaning products. After               
showing me quickly that he found it, he put it back where he found it without even                 
thinking to look at the display once, not even for a split second. It was a clear night so he                    
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suggested to eat in the open-air patio / veranda where he had 2 outside gas heaters on. At                  
this point, hunger got the better of me and I concluded the observation. 
At no point during the 2 conducted observations, was I given the impression that the               
smart meter display unit made a significant change in people’s awareness of the cost of               
using energy at home, nor brought significant change to people’s behaviour and everyday             
tasks performed at home and that involve using energy. 
The observation findings consolidate the idea expressed by the participants of the            
workshops, suggesting that after a brief excitement of discovering a new display device,             
the novelty quickly wears off to the point that the smart meter display unit is sitting in a                  
shelf or hidden in a cupboard, completely forgotten and insignificant. 
 
 
 

3.4. Data Collection 
 

Throughout the period of this project a plan to gather data was followed that              
consists of a series of steps to ensure that Data is accurately collected, codified and               
analysed. These steps are as follows: 
 

❖ Literature review 
❖ Select participants that could contribute to the project study 
❖ Organise the Future workshop and inspiration cards session 

➢ During the workshops introduce themes, concepts & ideas to the participants 
➢ Collect people’s thoughts and meeting minutes (including silences)  

❖ Collect all data and classify them 
❖ Analyse the data and produce results 
❖ Consider ethics and conflict of interest issues 
❖ Create the report 
❖ Present a prototype design for a future home 
❖ Conclusion 

 
The group that the study focuses on consists of 12 people that use smart devices in their                 
home in general, and specifically to monitor and manage energy provision and use at              
home 
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the plan of involvement consisted in involving the targeted groups through the 3             
participative methods & techniques mentioned earlier; 
From there we entered a phase of brainstorming and decided together which ideas could              
potentially be materialised into a technological solution using new technologies and           
smart devices  
Notes were taken during the session and minutes were recorded for further reference if              
needed at later times. 
A similar action in our plan for involvement was with a single session of inspiration cards                
involving another 5 participants from our target group; 
This took place in one of the participant’s home in the London area; the selected               
participants have also confirmed attendance 
And also in this case a preliminary meeting was already set-up with the participants in               
order to explain the purpose of the meeting and procedure, as well as obtaining their               
consent; 
During this workshop, we presented different technologies available and engaged with           
the participants using different types of small cardboard cards, in size usually a 2” by 3”                
card on which an image, a title, a description, and a reference is printed. Usually one                
concept or idea per card; cards would also have an empty box for comments. 
As their name indicates the aim with these cards is to trigger inspiration for ideas and                
lateral thinking in the group that could potentially materialise in technological concepts            
the same way mentioned in the 1st technique. 
A combination of cards was selected and co-created together with the participants; this             
went on a poster with cards combined in order to generate and capture a design concept                
that helped with the design development. 
The last in our plan for involvement was 2 separate observation sessions with 2              
participant families, and took place at the participants’ homes as the last scheduled             
method.  
The intention was to spend some considerable time on-site, and notes were taken by the               
observer in order to consolidate the establishment of the target group’s current use of              
smart devices. As a qualitative method participant observation originates in the world of             
anthropology where researchers began conducting research by “moving out to” and           
spending time among the people they researched. 
 
And finally, this project includes principles of designing a future smart greener home, It              
is good to point that an evaluation design will also be looked into, as a way to measure                  
the value of our intervention with this project work. 
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3.5. Validity & reliability 
 
 

Validity & Reliability of findings could be discussed as I am the single observer              
as the source of data, because there is no certainty that the findings were not impacted by                 
the observer’s subjectivity. Indeed, reliability issues are often associated with          
subjectivity, as reliability of the work could be compromised if a researcher adopts a              
subjective approach towards the study (Wilson, 2010). 
In order to ensure validity of the research, there are several strategies that can be applied.                
One strategy is triangulation. Another is using rich & thick descriptions (Creswell, 2014). 
Triangulation refers to the process of using more than one method to collect data on one                
particular topic. The use of a variety of methods to collect data on the same topic ensures                 
the validity of research , which involves different types of samples as well as methods of                
data collection. The choice of 3 different methods increases the validity and reliability of              
findings. However, in qualitative research the purpose of triangulation is not necessarily            
to validate data but rather to capture different dimensions of the same phenomenon. 
As the researcher in this research process, I followed qualitative research guidelines of             
objectivity with view to increase the validity of responses in this particular context by              
making sure I explained clearly to the participants on the nature of the research, i.e.the               
reasons why I am in the sessions and what I am studying, the way data is to be collected                   
and the way it will be used. I also focused on building a relationship with participants                
based on trust and maintaining it all along the sessions (Workshop, Card session and              
observation). Also, I made sure to talk about the same topics more than once with each                
participant in order to validate their given responses and insights. In addition to that,              
observations were also made a few times and objectively compared the results with other              
observations. And finally, by keeping detailed notes and ensuring I compared results            
from same questions on different participants and by debating notes taken with a fellow              
researcher who has no relation to this particular research (Lincoln & Guba, 1985). 
Lastly, I have not had a smart meter installed in my home yet. Therefore the research was                 
conducted in an objective manner as I do not have any experience of using this device. 
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3.6. Ethical considerations 
 
 

Ethical issues that arise from the introduction of new technologies such as            
Machine learning to the Internet of Things in general as well as its specific application in                
the context of smart homes. 
Known ethical considerations would be ensuring the accuracy of the big data generated             
by the number of smart devices used in smart homes, as well as respecting the right to                 
privacy as information is made widely available through the Internet and sourced from             
various things in the physical world. We will also examine the right of individuals to               
know and consent to the use of their data, and whether there could be a commercial use to                  
the data generated that would benefit to the house owners; and finally we will look at                
issues related to security by ensuring that smart devices are reasonably secure from             
misuse or harm. 
In parallel, we will also discuss the potential conflict of interest arising from the desire of                
energy independence of customers versus the commercial need of energy supplying           
companies to keep their customers dependant on their supply in energy and therefore             
keep their core business thriving. 

Other ethical considerations are in relation to the use of methodology and methods.             
Indeed, it is important for instance to consider how to protect the interests and data of the                 
participants. Research regulations exist to dictate the nature of relation between           
researcher and participants, for example prior to their participation, the participants must            
be informed of the purpose of study, the required time and nature of their participation,               
what is required from them, and most importantly, how the data gathered is going to be                
used, especially whether the information gathered will be made public or kept private for              
the sole purpose of the study. The researcher is required to prepare a consent form that                
covers all the information and ensure to receive informed consent from all participants             
(Ritchie and Lewis, 2003). Two parameters are paramount to consider for the            
participants: Confidentiality and Anonymity. This means that the researcher must          
guarantee that the identity of the participants will not be made available outside of the               
group of work, and that the way comments and opinions are presented should not reveal               
the identity of the participant. Furthermore, data should be stored in a way that does not                
directly or indirectly point to one or more participants. For example, if a tape was used to                 
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record a meeting, no obvious labelling should be included. and another consent form             
should be considered should there be data that will be archived for a longer period than                
for the purpose of the study. 
The informed consent should be based on the understanding that participation is            
voluntary and the participants have the possibility to cancel their participation at anytime. 
Having taken these considerations into account, a consent form was prepared prior to the              
study taking place and this was presented to each and every participant, together with a               
presentation of the work intended to be carried. A copy of the informed consent form is                
included below as Appendix A 
Other issues to consider are such as the nature of the topic discussed, the ethnic               
backgrounds of participants and whether any topic could bring harm to any participant.             
Harm includes physical as well as psychological harm. Having considered this parameter,            
no harm was inflicted to the participants of this study (Kensing and Blomberg, 1998). 
All participants were assured that the collected data will only be used for this specific               
thesis work, and is not to be shared with anyone outside of this specific group. 
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4. Findings 
 

The Research findings are presented in this chapter, starting with a general overview of              
the participants’ experiences and continues with data codification into several themes           
highlighted from the analysis. 

 
 

 
4.1. Summary of findings / General overview  

 
Following the process of narratives, the problematics that were highlighted during           

the Critique phase of the Future Workshop showed that regardless of age, gender, social              
status, income or education levels, people are not in control of their energy provision and               
usage at home. Indeed, one example that one participant used and to which all others               
could relate was that the consumption of energy at home is a constant and that as things                 
currently stand there was very little room to manoeuvre in order to reduce it.  
Another participant elaborated on the idea by adding that she enjoys the process of              
finding ways to reduce energy and switching to a greener living, to the point that her                
husband nicknames her the “Energy police at home”. But she also conceded that             
currently apart of tuning down the heating thermostat in weekdays when the house is              
empty, or turning lights off and constantly unplugging unused appliances at home            
(Kettle, Bread toaster, electronic chargers...etc), there isn’t much more that can be done             
with the current appliances used at her home. And that the smart meter is one device that                 
made her more motivated to pursue her quest for a greener, energy efficient living, but               
that the device alone is currently not effective and perhaps it will be in the future when                 
integrated into a comprehensive energy system at home. 
To summarise, smart meters may well show the exact overall energy consumption,            
expressed in Kilowatt per Hour or in monetary value (Pounds and pence), however,             
trying to reduce the usage can have social implications and frictions between family             
members, or house dwellers,  that one is not necessarily willing to undertake. 
Moreover, almost all but 1 participant expressed to be unaware of the tariffs and plans               
applied by the energy supplier at any given time. One of them added: “If you asked me                 
what is the rate of energy consumption that I pay at any given time, I wouldn’t be able to                   
answer that. All I know is that, a priori, the night tariff is usually cheaper than the day                  
one. But I have no further precision. And this changes from an energy supplier to another,                
and from an energy plan to another. I believe that the energy suppliers don’t put enough                
effort into showing this type of information with honest clarity or in a standardised form               
for the customer to be able to compare”. 
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Another interesting point that was made is that the smart meter monitoring panel shows              
the consumption of energy in real time, also called current cost, or for a period of time                 
(historical cost), for the entire household. It does not, however, provide data on energy              
consumption of individual appliances, which is more meaningful to the user at home.             
Instead, people are left to wonder, grope on different analogical methods to figure out an               
approximate meaning of how energy is consumed in the household. 
An example was introduced in an effort to show to the participants that there is some                
knowledge. Indeed, a kettle for instance is known to consume 2 Kilowatt per hour of use.                
But it gets complicated if one tries to figure out how many hours in a period (week,                 
month) the kettle was used in the household. And the smart metering device today does               
not provide the answer to that. So in a lack of precision, the user tends to remain vague                  
on their energy consumption and on which appliance is more likely to have a meaningful               
and accurate print on the cost of energy use. 
An interesting analogy was made by one of the participants who said that energy billing               
methods were similar to mobile network operators. An example was given to validate the              
point made: tariffs on mobile internet data usage is vague. The participant related her              
experience of using her mobile phone during a trip in the US, and after a short period she                  
noticed that £22 was added to her bill, so she called her UK network provider to enquire                 
about the added cost. And the company was only able to describe the charge as 22Mb of                 
data use at the rate of £1 per Mb. They could not give any more details on how the 22Mb                    
was used and even if the user was certain not to have used it for a specific purpose, they                   
said that some applications in the mobile phone can work in the background, hence using               
data without the user’s full awareness and/or knowledge. 
By analogy, in the Energy sector it is recognised and generally accepted that some              
appliances consume energy whilst plugged to an energy feed (Fridge, Freezer, TV…)            
even by being idle, and from the user’s viewpoint, the current smart meter that is being                
deployed does not provide alone the full potential, as expected by the user, to achieve               
effective use of energy at home.  
Finally, another critical point was mentioned: Today’s smart meter models, and their            
monitoring panels, do not bring or suggest new methods for reducing energy            
consumption and usage. Indeed, methods, such as replacing traditional light bulbs (25W,            
40W, 60W, 100W) by more efficient newer technology LED bulbs, or buying energy             
efficient (European grades A+/A/B…) appliances for your home, have been introduced to            
and adopted by the user long before the introduction of smart meters and their display               
panels/ screens. 
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4.2. Data analysis: Themes 
 

Thematic analysis is an effective method to analyse data in qualitative research as             
it provides an easy way to interpret as well as a clear description of the emergent themes                 
and patterns within a dataset. 
According to Braun and Clarke (2006), the thematic analysis consists of a six-step             
process for identifying, analysing, and reporting qualitative data. These steps are as            
follows: 
- Familiarising with the data: 

This is the foundation step for the analysis as the researcher needs to be fully               
immersed and actively engaged in the data. In this study, I ensured that the              
sessions were recorded and transcribed. I listened to the recordings and read and             
re-read the transcripts and minutes until reaching a full and comprehensive           
understanding of the content and familiarised myself with all aspects of the data. 

- Generating initial codes: 
After familiarising myself with the data gathered, I started identifying initial           
codes that are meaningful. These were more in numbers than the final themes and              
provided and indication of the context. 

- Searching for themes: 
This is the start of the interpretative analysis of the collated codes. I extracted and               
sorted relevant data by combining it or splitting it into more categories, or themes,              
as my thoughts were to find relationship between initial codes, such as themes and              
subthemes. 

- Reviewing themes: 
A second look into the identified themes to ensure that themes are independent             
from each other and ensure that data within each emerging theme is coherent with              
other data in the same category. A thematic map was generated during this phase              
to ensure clear distinction between themes emerging. 

- Defining and naming themes: 
This is the ‘refining’ phase. a clear definition of each theme was constructed in              
order to capture the essence of each theme. 

- Producing the report: 
Following the process of thematic analysis 5 themes were highlighted in the            
codification and analysis of the data gathered during the future workshop, the            
inspiration cards session and the passive observations undertaken: 

- User awareness 
- Interaction issues, including social concerns 
- Technical Issues  

(Interoperability, Interface issues, integrated solutions) 
- Trust issues 
- New technologies (Opportunities vs. Costs) 
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4.2.1. User Awareness 
 

As related during the future workshop by the participants, the first few days of              
installing a smart meter with display was an interesting experience at first, a bit similar to                
having a new mobile phone. The user would go through the settings and preferences. And               
after that they quickly wanted to see how their consumption was by making some basic               
calculations and forecasts. For instance, the first calculation made by the home users was              
to project a daily energy consumption into a full year, then into a timelapse of one month,                 
simply because the bills are usually issued and paid monthly by direct debit. On average,               
the consumption of all participants was between 12 to 15 kWh (KiloWatts Hour) per day.               
The awareness of the costs however, remained vague because each participant was with             
one or another energy supplier and was unsure of the tariff plan followed, although they               
all were aware that the rate of consumption at night time was almost halved, they were                
not completely clear about the day/night consumption levels of their household. This            
usually shows in the bill, but unfortunately it is presented in bulk figures and the users                
unanimously agreed that the bills presentation needs to be improved by all energy             
suppliers. They finally rounded up the costs to around 15 pence per kWh used during the                
day (usually 9am to 9pm) and around 10 pence per kWh used during the night (9pm to                 
9am). All participants also expressed that the smart meter did not change their             
consumption habits. The example used was the water boiler, one participant explained            
that in his house, because of the differential tariffication used by energy supplies, chooses              
to automatically set the boiler to heat the water during the night, the hot water is then                 
stored into a hermetic water tank ready to be used by home users for morning               
showers...etc This measure was in place before placing the smart meter and they did not               
change it after the smart meter. Also,in cold nights the water in the tank sometimes loses                
its heat, or the tank itself can cover showers for 2 people, so when the 3rd person wants                  
warm water, then they use a manual to heat and store water, only this time this process is                  
usually done during the daylight rate. These are examples of issues that users face and               
that although they are aware of them, the smart meter did not help introduce novel               
measures to tackle these issues.  
All participants also declared that they wish to live in a greener way. They were aware                
that households consume more and more energy and that this energy is not all renewable.               
However, governments are trying to follow strict agendas to achieve 100% energy            
sourced by renewables. They also agree that users alone are not able to put pressure on                
energy suppliers and that government led plans are necessary to achieve this common             
goal.  
One main factor that will remain crucial in pursuing and achieving the green agenda is               
the costs.  
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4.2.2. Interaction Issues, including Social Concerns 
 
 

From a social viewpoint, he interestingly talked about his wife who likes to             
watch one TV program, and his 2 children also like to watch TV programs at the same                 
time, which is prime TV slot time, but obviously different ones. Now he is conscious that                
if they all liked to watch the same TV program on the same TV, that would save ⅔ of the                    
overall TV usage during that particular time. However, the smart meter does not provide              
him with the courage to introduce the idea of liking the same program at the same time                 
slot as an energy usage reduction technique. Similarly, each member of the household has              
his tea or coffee at different times. This means the kettle is heating the water, and                
therefore using energy, many times in a day. And again, there is no generally accepted               
physical or social way to reduce that usage unless one is willing to change the social                
behaviour of the family, risking as a minimum the comfortable feeling of being at home. 
A different scenario arose during the session but of social nature nevertheless. Indeed,             
one participant was single and living with housemates. They share the energy bill of the               
house by the number of people living there. However, not long after a smart meter was                
placed in the house, frictions between housemates started as some were complaining that             
they could notice on the smart meter that one housemates use of energy was noted to be                 
higher and therefore those particular mates needed to pay a higher share of the bill. After                
discussing the issue, it was highlighted that consumption was never a constant, and that it               
can differ from one day to another, and that the smart meter was not an accurate measure                 
of one particular housemate’s consumption. It was practically not possible to measure            
each dweller’s use in a given time period and therefore the decision was to keep the bill                 
shared equally. 
To summarise this point, the smart meter contributed in this particular context to potential              
frictions between housemates as some could perceive at one particular time that the             
energy consumption of one dweller was higher than his performing the same task.             
However this remained a perception, based on the assumptions that the same task             
performed by the same person will always use the exact same amount of energy, and the                
smart meter was unable to provide an accurate confirmation because in order to             
accurately measure each individual’s use, there needs to be a system that recognises the              
consumption by each user and for each task.  
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4.2.3. Technical Issues (Interoperability, Interface issues, integrated solutions) 
 
 

Most participants have expressed concerns with technical issues that a smart           
meter does not resolve.  
One participant mentioned that the smart meter does not show or report enough.             
Displays, although remote, are not mobile in the sense that once it is in a corner, one                 
tends to take it as another piece of insignificant furniture that ends up being underused               
over time. The display screen is small and the Interface basic. The information shown is               
also basic and does not provide the user with real-time understanding of itemised energy              
consumption. 
Participants also mentioned that it would be interesting to be able to produce reports              
showing the use of each individual appliance over a chosen period of time. This would be                
effectively help the user make informed decisions on ways to reduce his household             
energy bill and carbon footprint. However, IoT devices are not yet commonly adopted             
instead of regular electrical appliances and perhaps with time this will become easier to              
achieve. Also, another problematic area is the interoperability of different appliances.           
Although some are equipped with IoT technology, the relatively new field still lacks in              
standardisation. Indeed, as developers across different companies are racing to create one            
platform that will be the solution for everyone, one developer’s Application may not be              
compatible with another developer’s device. And if compatibility is not assured, the real             
benefit of this connected technology is lost and its potential unused. In order to benefit               
from the advantages that IoT have to offer, a standard platform, language or protocol              
needs to be set in place and followed. 
And Finally in this argument, all participants expressed that although the smart meter is a               
digital device showing figures and numbers digitally, the information is not fully            
satisfactory and does not help the user make a precise picture of the areas where energy                
consumption can be reduced or more efficiently managed. Instead, the user is left to his               
own groping techniques attempting to estimate analogically the cost of each appliance, or             
even each section in the house (kitchen, bathroom, heating...etc) 
One participant described how he got curious to find a way to determine what one               
particular appliance consumes over a chosen period of time, so he had to archaically look               
at the Wattage of the device and estimate how many hours it is used in order to obtain an                   
estimate conversion in the standard energy unit, or kWh (Kilowatt per hour). The             
estimate proved to be too vague and he soon lost attention. 
He proceeded with a second approach, turning off all appliances that he could do without               
for a few minutes. This included light bulbs, Televisions and any electronic or digital              
boxes, but not fridges or water boilers. Then he proceeded to check his smart meter               
display to see how many kilowatts his household was using. He considered that figure as               
a base and from there he would turn one appliance on and check the new figure and                 
deduct the base figure from it to estimate the use of that particular device. 
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However, this proved to be a time-consuming exercise and was not completely accurate             
because he would still need to estimate how many hours that appliance is used in any                
chosen interval. He again quickly lost patience and attention. 
 
 
 

4.2.4. Trust Issues  
(Privacy & Data ownership breach, stakeholders & conflicts of interest) 

 
At some point during the critique, the participants switched their attention towards            

problematics from the providers. They all agreed that more than useful to the energy user,               
these smart meters seem to be more useful to the energy suppliers who could now gather                
accurate real-time data from millions of households, and help to achieve more efficiency             
in energy provision and costs. However, they also unanimously agreed that reaching            
economies of scale and efficiently reducing the costs of providing energy does not mean              
that these reductions will be passed on to the customer (user). 
A general lack of trust in energy providers to ever reduce energy rates and costs to the                 
user was palpable. They all expressed a homogeneous perception that in the years they all               
have seen how energy costs have only been rising, this combined with the use of a                
growing number of technology appliances led to a constant rise in time of the average               
household consumption in energy. And that neither the energy suppliers, nor the            
regulatory bodies such as the government, have been or are taking genuine steps towards              
reducing the costs of the user. 
Following this, they concluded that there is a clear conflict of interest between the              
privately owned energy suppliers whose mission is to generate, maximise and maintain            
rising monetary profits, and the energy users at home whose concern is to be able to                
afford paying for the costs of using energy for an ever growing number of devices and                
appliances. Users also expressed mixed opinions about the Government interest in the            
Energy provision sector. As one of them pointed, whilst pursuing a green agenda             
encouraging more and more reliance on renewable energy, the Value Added Tax (VAT)             
of 5% applied on sales in the UK Energy sector. This represents the Government’s              
income from the sales made by companies operating in the Energy sector. In addition, the               
corporate tax of 20% is also applied on profits accounted for by these companies. 
Another issue that was strongly expressed is that participants are not comfortable with the              
idea of sharing data that is generated as a result of using energy in their home with their                  
Energy supplier. The main reason of this uncomfortable feeling is based on the previous              
point of conflict of interest. Since the private energy providers are looking to increase              
their profits, this will be just another mean for the company to reach that goal, giving                
away more accurate information about his consumer behaviour and leaving the user            
exposed to the marketing tactics of a profit hungry company. 
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Also, the data is sensitive by nature as it relates to a person or a family in their home. If                    
there is a breach of security of some sort and the data is leaked and falls in the wrong                   
hands, this constitutes a danger and a breach of privacy to the family in their private                
household.  
 
 
 

4.2.5. New Technologies (Opportunities vs. Costs) 
 
In this section the answer to one of the research questions is revealed as this               

theme of new technologies was highlighted during the Future Workshop, and especially            
in the Fantasy phase, and also during the inspiration cards session. All participants             
showed awareness that new technologies will provide solutions to reduce or reverse            
energy bills from an expense to potential income stream.  
The research question was reminded in the sessions: 
With the use of new technologies, how can this situation be improved in the future in                
order to respond to our studied customers group’s needs and desires for a future smart               
home in the context of energy supply and management? 
From the costs viewpoint, all participants agreed that the rising trend in energy             
consumption is an unavoidable fact with innovative household products, especially when           
we think of the number of electric appliances or electronic devices that are being added in                
the household on a constant basis, and that this trend is not set to change. They are aware                  
that they use more and more energy. Hence the interest into following a green living               
agenda. However, the crucial factor remains the costs of energy bills. One participant             
started to count all the living expenses, including running a house in the UK. She counted                
the following monthly costs: 
- Rent or Mortgage payments: £ 1,500 
- Council Tax: £    120  
- TV Licence £      15  
- Energy Bills: £    120  
- Transport (Cars, Petrol, etc)   £     800 
It is worth mentioning that other expenses obviously occur depending on individual            
circumstances. 
She also expressed her understanding that the average individual income in the UK last              
year was believed to be no more than £1,800 net per month. whether it is on a                 
single-basis or in a family with kids, most people are stretched to meeting the basic living                
expenses.  
Therefore, the cost of energy is believed to be the main trigger for people looking to go                 
greener and they are ready to embrace new technologies and systems that will help them               
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considerably reduce their energy bills, and why not producing energy locally (within the             
house), sharing it and perhaps create a new stream of income. 
The fall in costs of energy provision devices based on renewable energy, especially solar              
panels, and wind turbines, and combined with the development in new fields that could              
help manage energy more efficiently, such as the Internet of things adding            
communication between different devices and home appliances, or machine learning and           
Artificial Intelligence, the user is expecting to see and is ready to purchase new systems               
in the market that could be placed at home and help achieve energy efficiency at home,                
all at an affordable price. 
The main idea that was shared by participants during the Future workshop and inspiration              
cards session was that instead of receiving energy in their house from a centralised              
system that provides energy, the home could locally provide the energy needed for its              
own consumption. An interesting example was mentioned to explain this scenario.           
Indeed, we look at companies that provide satellite TV and we call and get a satellite dish                 
installed at home. Other companies provide a solution via the home internet directly.             
Similarly, a company could provide a system that is composed of different devices to              
produce energy, for instance miniature wind turbines in a size to be fitted at home (on an                 
external wall), or solar panels on roofs and other surfaces. These devices would produce              
enough energy to provide the daily need of the household (currently 15 to 18 kWh), and                
devices that can store energy, for instance batteries especially to respond to the need for               
energy the night when no solar power is produced. 
To summarise this section, Innovation in products that generate energy and store it,             
together with these devices becoming available at affordable prices, and in combination            
with the rise of new technologies that analyse data, will ultimately contribute in the short               
to medium run to new and affordable green solutions being deployed in the market that               
will rival the current system of receiving energy produced and ready to use by one               
provider. 
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5. Principles of Designing a smart green home  
 

 
 

This part completes my research as I elicit the principles of designing a solution              
based on the findings from the observations, the Inspiration Cards session and the Future              
Workshop’s Critique, Fantasy and Down-To-Earth feasible solutions. 
I must point however, that due to the lack of physical capability to build a smart greener                 
home with zero carbon emissions, in this section I am limited to provide only guidelines               
to design such a home. 
 
 

5.1. Independent living 
 
One of the components of a smart greener home is the concept of independent              

living. A home is truly smart, and not just smart, but wise, as mentioned earlier in this                 
report, if and only if it can produce and manage its own energy, making it independent                
from energy suppliers. 
As seen in previous sections, new technologies are now making this fantasy not only a               
possibility, but a reality. 
According to the OECD (Organisation for Economic Co-operation and Development),          
the average yearly electricity consumption of UK houses is around 4,500 kWh.            
Compared to other countries, this figure is particularly low (Kriström, 2014) 
Hence, in order for a house to be green with zero carbon footprint on its environment,                
4,500 kWh of energy must be generated from renewable sources to cover all the house               
energy needs. 
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Figure 3 - schema of Free-Standing wind turbine system 

 
 
A domestic wind turbine, or wind turbine for domestic use, is small in size and can be                 
Free-standing as shown in figure 3 above, or on a pole in the garden for instance, or                 
mounted on a pole by one of the house external walls, or roof-mounted. Depending on               
the house structure and architecture, if the house has a high roof that regularly gets a                
good wind speed, then a roof mounted wind turbine would work well. 
Wind turbines vary in the amount of power they can generate.  
For example, a 2.5 kW wind turbine that conservatively only works 20% of the time can                
generate 4,400 kWh per year, which is enough for the energy needs of the average UK                
household. The Energy generated can be stored in a battery for use at a later time, and the                  
battery charges as the wind turbine is generating electricity. 
In addition to wind source, photovoltaic arrays are another source of renewable energy             
powered by solar energy. 
Figure 4 below show how photovoltaic arrays capture solar energy and generate            
electricity that can be stored in batteries ready to be used at later time by AC appliances. 
A 5kW system would typically generate 4,500 kWh per year. According to the Energy              
Saving Trust it is estimated that a typical 3-bedroom house in the UK would use just over                 
3,000 kWh of electricity per year. So in theory, a 4kW or 5kW system would cover the                 
entire electricity requirement. 
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Figure 4 - Schema showing home solar PV array energy system 

 

A combination of both energy generation systems would ensure that the house is             
self-sufficient in term of Energy and in most cases, would have a surplus that could be                
sold back to the energy grid and provide an additional stream of monetary income. 

 
 

 
5.2. Smart is the new Green  
 
This is to introduce the concept that smart is predicted by industry experts to              

replace the green agenda in the near future. In the past the focus was put on sustainability                 
and many sustainable projects were undertaken. However, in economic terms, the return            
on investments (ROI) of these projects remained too low to be viable.  
Smart projects however come with huge potential and high returns on investment            
forecasts. It is therefore a logical conclusion that in a economics driven world, green              
products will be replaced by smart products and services. 
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5.3. Smart home + Energy efficiency  

 
A smart home relies on 2 parts: generating sufficient energy to meet its own              

needs, and managing efficiently its energy usage. 
Figure 5 below shows a schema of a home that is connected and includes a number of                 
traditional appliances but with IoT technology. 
The house appliances can be remotely accessed and managed via an Application to             
perform certain tasks remotely. 
The IoT technology will help to transmit information on user’s behaviours and act to              
reduce the use and reach efficient levels of energy consumption. 
 

 
Figure 5 - A schema of a connected home with IoT appliances 
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6. Conclusion 
 
 
This thesis work looks into the United Kingdom’s Energy industry, as smart meters are              
currently being deployed by energy suppliers to their customers. These are presented as a              
revolutionary device that supports a more efficient energy use at home and/or in the              
workplace, and helps customers save on their bills and reduce their carbon footprint. 
This work develops an understanding on the impact of using smart meter devices, as              
perceived by UK customers, in helping to monitor, use and manage energy consumption             
in their homes. Also, the study explores people’s perceptions and expectations when            
using smart devices to consume energy efficiently. It also looks at alternative technology             
already available, or is emerging, in the market. And finally, the work elicits the 
principles and guidelines of a design that responds to customers expressed demands and             
desires in this context of energy provision and management. 
The empirical work is based on interpretive phenomenological Human-centred         
qualitative research in order to understand customers’ experiences using smart meter           
devices, as well as their viewpoint of alternative technology in considering the context of              
energy efficient use.  
The thesis work answers the following questions: 
- What is the current situation of energy supply and management in UK smart homes? 
- What are the perceptions, needs, concerns and attitudes of people using smart meter             

devices as a tool to increase energy efficiency? 
- With the use of new technologies, how can this situation be improved in the future in                

order to respond to our studied customers group’s needs and desires for a future              
smart home in the context of energy supply and management? 

The methods and techniques applied in this research to collect data are passive participant              
observation, Future workshop and inspiration cards session. The group that this study            
focuses on consisted of 12 people, based in the UK, that use smart devices in their home                 
in general, and specifically to monitor and manage energy provision and use at home.              
Following the process of thematic analysis 5 themes were highlighted in the codification             
and analysis of the data gathered: 
- User awareness 
- Interaction issues, including social concerns 
- Technical Issues (Interoperability, Interface issues, integrated solutions) 
- Trust issues 
- New technologies (Opportunities vs. Costs) 
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Research analysis showed that in the short run smart meters increase customer awareness 
of how energy is consumed at home, and in theory has the potential to help control bills                 
to a certain extent but not by a significant variance, as energy use is not dependent solely                 
on customer awareness and demand continues to remain a constant figure. Also, the             
perceived idea is that smart meters will prove more useful to energy providers than they               
are to customers. They also have the potential to create communication frictions between             
home dwellers (family members, house mates…). It is also showed that if given the              
opportunity, customers would consider total independence from energy suppliers and put           
in place a system that generates enough energy to feed the energy demand of the home. 
Customers’ expectations are thus based on emerging technologies which offer a vast            
range of opportunities to reach energy efficiency that goes beyond smart meter devices,             
and that these smart meter devices should be provided by independent parties and would              
constitute a single part in a more complex system that starts with independent energy              
provision via renewable energy capturing devices and storage in a battery for            
self-sufficient sustainable and self-sufficient energy use. The energy generated at home           
will be transformed to electricity and stored in batteries for future use. Internet of things               
can provide the function of Energy monitoring and control, whereas machine learning            
would provide functions such as mimic manual use. These functions can be provided by              
one or separate technological companies and all data generated in the process must             
remain the sole property of the user at home. These are the expectations of the people                
studied. The findings constitute good grounds for individual consumers to be aware of             
the opportunities made available by alternative technology to smart meter devices offered            
to them by their energy suppliers. 
At organisational level it is a basis for energy suppliers to change their behaviour towards 
a changing demand and adapt by switching their core business to supplying Information             
and analysis as well as energy efficiency management solutions. 
At societal level the study will make government bodies and regulating agencies tackle             
sustainability and green energy issues by understanding the peoples market expectations           
and to react by controlling the profit driven character of privatised energy companies as              
well as responding to real market demand as perceived by consumers. 
Emerging technologies present opportunities that have the capabilities of breaking the           
status quo of energy supply industry in the UK as well as the rest of world. The value of                   
this research is to show these opportunities and as per the experience and ideas recounted               
by the sample of persons studied demonstrate that the commercial market is there and              
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ready for the change in the way energy is supplied and consumed. The value of this                
research is also to see what actually is the perceived reality for the consumer as opposed                
to the interests and commercial plans of energy suppliers. 
The work project helps abolish existing limitations in home living and dependency on             
energy supplying companies and establish new boundaries with a principle of design that             
focuses on improving the quality of life of individuals in their homes by not only using                
new technologies to customise their desires and preferences, but by providing their most             
basic needs such as the generation and management of sustainable energy, and finally             
perhaps redesigning the shape and rules of society in which humans live by reaching a               
new definition that a smart home, is smart when and only when it ambitiously provides               
solutions of independence from external energy supply. 
With this study a qualitative user-centered approach was used with view to understand             
various concepts such as smart objects, Internet of Things, machine learning and artificial             
intelligence, and their interactions with each other and with humans, in order to reach a               
divergent thinking design of a human-centred smarter & greener home. A projection into             
the future of Smart greener homes. 
Currently we have seen how technological companies have overthrown many          
conventional industries such as the automotive or the mobile phones. It is only a matter of                
time when technology is going to focus on homes. This study shows that people are not                
only ready to embrace it, but expect it as soon as possible. 
This project paves the way to further research in the field. One interesting research point               
would be to know the extent to which people are willing to share the Data generated from                 
their actions, tasks and behaviour in order to benefit from it, and what choices they would                
make if the benefits are worth the risk of opening their data privacy to private companies.  
Another interesting point for further research would be to look into the provision and              
self-sufficiency of a house in water supplies and management, as a complementary option             
to the ultimate smart home for green purposes. Perhaps a way to measure this would be to                 
look into the possibility to collect enough rainwater, filter & clean it and store for future                
use. This can be pushed further, with a study that could look into the predisposition of                
people to adopt a farming room, where a system is in place to source a variety of fruits &                   
vegetables within the house. Waterless toilets that can perform the tasks of composting             
and separating, or an incineration system for composting. 
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Appendix A - Informed Consent Form 
 
Title of the Thesis  
Smart technologies towards Greener Homes - A human centered Approach 
 
Researcher  
M Bennani 
 
Purpose of the Research  
The purpose of this research is to assess whether current smart devices provided by              
energy suppliers to monitor and/or manage your energy consumption at home are making             
a substantial difference in your life, as well as explore your expectations from new              
technologies to provide to support your needs and desires for a greener energy-efficient             
home. 
 
The Benefits of the Research 
The study will focus on new technological advances to provide a solution that improves              
the energy supply and management at home. 
The study will also aim to elicit the principles of designing a smart and greener home that                 
includes types of features powered by new technologies in view to respond to the              
participants’ needs and desires in energy supply, management and efficiency. 
This study has Human centricity as its core. It means that it takes into account the                
perceptions, experience and perspectives of technology device users, and takes their           
needs and desires as a priority for any future design or prototype. 
All participants have energy smart devices installed to measure and monitor energy            
supply in their home. 
The intent with this research is to give a voice to the user of smart devices with view to                   
not only monitor energy supply and consumption over a given period of time, but to               
actually originate it at home rather than receive it from an outside feed, control it and use                 
it in an efficient manner with the help of available and upcoming technology, which will               
ultimately have a positive impact on the environment as well as minimising to             
eliminating energy bills. 
Your collaboration will help shape your future in your green energy efficient zero-bills             
home 
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Participant Contribution 
The research methodology will involve your participation in 1, 2 or all of the following: 
- A 45 minutes Workshop with the researcher and with up to 5 other participants; 
- A 30 minutes Session with the researcher and up to 5 other participants; 
- A 15-20 minutes observation by the researcher in the participant’s home 
Questions may be asked during these sessions and will be in relation to your thoughts and                
experience using smart devices and other technology, as well as debating ideas involving             
new technologies for a green, energy efficient home 
 
Participant Rights  
Please note that your participation is on a voluntary basis and you have the right to                
withdraw at any time if you no longer wish to participate and without the need to provide                 
any type of explanation or reasoning.  
The analysed data will be made available to all participants upon finalising the research              
process. 
 
Data and Confidentiality  
notes, pictures, and video recordings may be used in order to help the researcher with the                
transcript and analysis. The data gathered from the sessions described above will be used              
for the sole purpose of this study and will not be shared with third parties.  
 
Informed Consent 
1. I have read and understood all the above 

Yes ⎕ No ⎕ 
2. I am aware that my participation is voluntary and I can withdraw at any              
time  

Yes ⎕ No ⎕ 
3. I agree to participate in this research and give my consent to the researcher              
to  

use the information provided for the purpose of this study 
Yes ⎕ No ⎕ 

 
Dated................................................ Location…………………….………… 
 
Participant………………...……… Signature……………………………… 
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