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Abstract

Energy inefficiency is one of the key contributors to Climate Change. The simple fact is without energy we cannot survive in the 21st century world. Consumers have had the luxury of energy provided to their homes and places of work for over 100 years. The reason energy has been the main topic of conversation over the past decade is the damage caused from the abuse of fossil fuels that has scarred the planet. The need for renewables has never been more apparent and with the global change over to renewables not yet financially viable, more focus than ever is being put on energy efficiency. Although arguably a shared responsibility, the onus tends to fall on land lords, councils and housing associations to take steps to ensure homeowners and tenants are making the necessary changes to live more efficiently. Building low carbon or retrofitting homes to strive for energy efficiency does not guarantee success. Ultimately, the success of many of these concepts is dependent on the individual consumer.
This report will focus on the effects the different energy efficiency measures have on the consumer and the differences brought about between physical EEM and consumer behavioural changes. The benefits will be discussed as well as the restrictions, what impact they have on energy consumption and if or how they can be managed. These are some questions already being asked throughout the industry. The researcher highlights the lack of cohesion between landlords/developers and tenants/homeowners, resulting in poor communication at all levels. The results of this are reflected in the misuse of heating systems, resulting in inefficiencies within the home. Not enough support is given to tenants in the fight to reduce consumption but by providing guidance and understanding of their home and how to use energy efficiently, the benefits to energy efficiency nationally could be huge. 
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1.0 Introduction

The simple fact is without energy we cannot survive in the 21st century world. Consumers have had the luxury of energy provided to their homes and places of work for over 100 years. The reason energy has been the main topic of conversation over the past decade is the damage caused from the abuse of fossil fuels that has scarred the planet. The need for renewables has never been more apparent and with the global change over to renewables not yet financially viable, more focus than ever is being put on energy efficiency. There are many changes consumers can make to be more energy efficient, the most popular being Smart technology. With the majority of Smarter more energy efficient homes being financially beyond the reach of most social housing tenants, the responsibility falls on the landlords, councils and housing associations to take steps to ensure homeowners and tenants are making the necessary changes to live more efficiently. Energy efficiency and energy conservation are both the results of changes consumers make to reduce their carbon footprint, both approaches are however quite different. Energy efficiencies are in the forms of physical interventions and technologies.
‘Energy efficiency is related to specific technologies which are adopted to reduce energy consumption by achieving the utmost provision of services without intervening in the individual's behaviour.’ (Pothitou et al., 2014)’
Energy conservation is the less understood and discussed, holistic approach relating the consumers behaviour,
‘Energy conservation, however, lies in changes which individuals make to their own energy usage (Pothitou et al., 2014)’
Smart technology can be used to monitor and control buildings services to assist in providing optimal comfort for the user and to reduce energy consumption. The technology used in smart buildings can range from simple lighting controls to smart Building Management Systems (B.M.S) predicting maintenance issues before they occur. A single household can benefit with the use of the technology both financially and by reducing the impact on the environment. For a housing association the benefits can be endless. Smart technology can be used as a tool to help reduce consumption, maintenance, costs and increase capacity whilst at the same time increasing tenant satisfaction and comfort. A proprietor will manage and maintain many components of a building including the heating system but how that heating system is utilised is very much dependant on the tenant. For buildings to work efficiently and for fabrics to last their predicted life expectancy, they need to be well managed. Lack of heating and ventilation can contribute to damp and mould in buildings. Although not solely responsible, tenant misuse, a lack of understanding and fuel poverty can be reasons for the deterioration of the fabric of the building. To take a step towards more energy efficient homes, more needs to be done to educate the user. By monitoring how a boiler is being used, consumers can be better prepared for changes that need to be made, not only to help maintain the building but to also reduce the energy consumed. During a survey conducted in 2019 by the Department for Business Energy & industrial Strategy (BEIS), of the 4,224 respondents, 86% had gas as their form of heating. Fig.1 depicts the different heating methods and the percentage shared. 
[image: ]

[bookmark: _Toc39237292]Figure 1 – Popularity of heating methods in the United Kingdom (Sonnichsen, 2020).
With the majority of consumers using gas central heating, even minor changes consumers make can have a huge combined effect on carbon reduction. 
Whether it be energy efficiencies or energy conservation, they all are viewed as Energy Efficiency Measures (EEM). Many different EEM can be used throughout a building, in the form of insulation and Smart meters for example. A ‘Fabric First’ approach when designing buildings is the most effective technique to control indoor temperatures, by trusting the design and allowing the building function as designed. Passivhaus is arguably the standard many building owners strive towards, to create low energy, low carbon buildings. Buildings do not however need to be to a Passivhaus standard to be efficient. By utilising solar gains, installing the correct insulation and ventilation, buildings can be constructed to meet the demand for low carbon homes. In new build, some of the EEM are mandatory but when considered at design stage, these changes can be easily implemented, the difficulty can be introducing EEM into existing buildings. In the event a ‘Fabric First’ approach is not an option, retrofitting is the next best alternative. BSI retrofitting standards task group have outlined a framework of retrofitting standards:

‘•Improve functionality and durability of buildings
•Improve the comfort and well-being of occupants
•Improve energy efficiency
•Reduce environmental impact
•Protect and enhance architectural heritage
•Minimise the ‘performance gap
•Avoid unintended consequences of retrofit’ (Rickaby and Palmer, 2017)

There are other strategies that can be adopted to aid in the implementation of EEM. Most smart technologies can be retrofitted to existing buildings without major adaptations to the building. Some may require additional adaptations in the form of insulation for example, to benefit fully from the technology and better control the consumption of energy. The least researched but the most highly contested EEM is in the form of behavioural changes (energy conservation, as previously discussed) of the consumer. This report will highlight this area of research as one of the major factors in understanding the impact the consumer has on the overall energy consumption.  

Smart Meters were introduced as a tool to reduce energy consumption by allowing consumers real-time access to their individual energy usage but the information available can be basic. One could argue that knowing how much gas or electric a consumer uses could be enough to guide them to more efficient energy usage. Within this report, discussions will take place around the effect smart technology has on the consumer. Do behavioural changes have positive impacts on energy consumption and can they be managed? These are some questions already being asked throughout the industry. The trial will endeavour to give tenants a broader understanding of their energy usage in the form of data collected from boiler performance and use. With the combination of performance data and expert guidance this report intends to show the real changes that matter are the choices of the individual tenant and not the amount of technology around them. For this report the Vaillant VR100 social housing gateway was trialled. Fifteen properties were chosen to be part of the trial, within a mix of three property types, from different eras of construction to have the monitoring software installed. This report aims to produce comparable data that shows a reduction in energy consumption caused through behavioural changes as a direct impact following guidance and education. 
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2.0 Aims & Objectives
[bookmark: _Toc39167001][bookmark: _Toc39237177]
2.1 Aims 

The researcher’s aim for conducting this report is to ascertain whether the most effective route consumers can reduce their energy consumption is through knowledge and education.  

[bookmark: _Toc39167002]
[bookmark: _Toc39237178]2.2 Objectives

· Identify the properties and tenants for the trial and install the monitoring software.
· Identify and compare the different methods used to help consumers reduce energy consumption.
· Analyse data collected from the 14 trial properties.
· Analyse data from questionnaires to tenants.

[bookmark: _Toc39167003][bookmark: _Toc39237179]3.0 Intended Methodology

[bookmark: _Toc39167004][bookmark: _Toc39237180]3.1 Property selection

To start the investigation, fourteen properties were selected, all with compatible boilers that would allow the gateway to be connected and data extracted. This in itself was a challenge, the difficulty was not so much finding the compatible boilers but finding willing tenants, whilst trying to keep a variation of tenant groups and property types. Once the properties were selected, all tenants were contacted and informed about the trial and the potential benefits that could be seen. Some tenants were happy to participate but some were certain they were not interested. As the trial was not compulsory the tenants chosen were the ones who seemed the most interested and therefore potentially most likely to make the changes required of them at the latter stages of the trial. Within the fourteen properties, three groups of tenants were selected. The first group consisted of social housing families, the second group chosen were tenants house sharing in a supported environment and finally the last group were market rent tenants. To produce a broad range of data it was decided to include three property types. They would include a two bed flat built pre 2000 with an insulated cavity, three bed houses also pre 2000 without cavity insulation and finally traditionally built pre 1900 being of solid wall construction. 
[bookmark: _Toc39167005][bookmark: _Toc39237181]3.2 Planning

The VR100 gateway collects data from various outputs, i.e. energy consumption, kW output, temperature and pressure. The trial was split into two stages. Stage one was solely a data collection exercise so it was important tenants made no changes to their lifestyle so that the boiler usage did not change. All tenants were contacted and made aware of when the trial was planned to begin. To ascertain the best results from the trial it was important that for stage 1, the tenants made absolutely no changes to the heating system, their lifestyle or how they used their homes. It was important initially not to give the tenants too much information on the potential changes that they may be asked to make during the trial. The reason for this precaution is to limit the tenant making small changes sub consciously once they were made aware of what the changes were, e.g. closing windows, doors, reducing thermostat. 

[bookmark: _Toc39167006][bookmark: _Toc39237182]3.3 Installation

Once the selected properties were agreed the next stage was installing the gateway receivers into the properties. Fig 2 shows the VR100 social housing receiver, each device is installed the same way regardless to the model of the boiler. 
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[bookmark: _Toc39237293]Figure 2 – VR100 social housing gateway
A qualified electrician was required to install the gateways and appointments were booked in with the tenants for the installations. Fig 3 – 7 show the initial setup instructions in simple stages.

Stage 1 - Remove the back plate.
 [image: ]Once you have removed the back plate on the VR 100 you will notice three terminals colour coded red, white and black.

[bookmark: _Toc39237294]Figure 3 – Stage 1 
Stage 2 – Connect the cable into the device.
[image: ]Now using a flat head screwdriver, insert the wires into the matching colour slot and tighten.

[bookmark: _Toc39237295]Figure 4 – Stage 2

Stage 3 – Wire routing and back plate
[bookmark: _Toc39167007][image: ]Once you have connected the terminals, feed the wire down using the wire routing structure. Then put the back plate back onto the device.

[bookmark: _Toc39237296]Figure 5  – Stage 3

Stage 4 – Access to the PCB Board
[image: ]Firstly, ensure the boiler is turned off from the mains before accessing the PCB board. Depending on your boiler model, it will either have an X31 or X32 on the PCB board.

[bookmark: _Toc39167008][bookmark: _Toc39237297]Figure 6  – Stage 4

Stage 5 – Connect the cable to the PCB board.
[image: ]On the other end of the cable it will have an edge connector which simply plugs onto the PCB board (either X31 or X32) as shown in the image. Once connected, turn on the boiler which will activate and power the VR 100 and will display a signal strength and device status (see troubleshooting section for information on what the LED lights mean).

[bookmark: _Toc39167009][bookmark: _Toc39237298]Figure 7 – Stage 5

The gateway devices were designed to have little disruption and minimal visual impact, the device is small, white and can easily be fixed above, below or to the side of the boiler.

[bookmark: _Toc39167010][bookmark: _Toc39237183]3.4 API

On day 1 of the trial the VR100 began to collect the data from the boiler, the data was then transmitted via the API (Application Programming Interfaces). The API allows the VR100 gateway to talk to other applications. Once set up permanently within a housing association the API would allow access to their asset management software, processing real time data on condition and faults of the boiler assets. As this trial was part of the research, access into the housing association asset management software was restricted. For the basis of the trial, a management portal was set up by Vaillant to store the data produced with access given to the researcher. 

[bookmark: _Toc39167011]


[bookmark: _Toc39237184]3.5 eSIM Technology

Inside the VR100 is an eSIM, which connects to the appliance and in turn sends the boiler data via a 2G mobile network. The device has the capability to switch from network to network depending on the best signal strength. 
[bookmark: _Toc39167012]

[bookmark: _Toc39237185]3.6 Benefits of the trial

The technology designed by Valliant and being used in this trial is mainly directed toward use as an asset management tool. There are however, two very different benefits this technology can give to both the consumer and the landlord. The first and what the technology was designed for, is to allow remote monitoring of the boilers within assets, fast and effective diagnosis and data on performance. The collection of data is a crucial tool to help understand how buildings perform and is a key contributor when managing lifecycle analysis and maintenance forecasting. The second benefit focuses on energy conservation and how education can affect lifestyle choices and behaviours in the home. It is this that the researcher is more interested in and the main reason for the choice of the research topic. For the next 6 weeks, data that was being generated from the boiler via the VR100 was sent to the portal. 

[bookmark: _Toc39167013][bookmark: _Toc39237186]3.7 Interim data analysis

The software collected from the various data sets allowed the researcher to produce an accurate report detailing how and when the boiler was being used, as well as other data including thermostat temperatures and external temperatures. Using the data gathered, the researcher and a representative from Vaillant planned to produce guidance for each of the trial properties on how to utilise the heating system more efficiently. Along with the guidance, careful explanation of how the heating system worked and why the changes will have the anticipated reduction in energy would have been given. These included temperatures to set the boiler at, running times as well as advise on ventilation, and Thermostatic Radiator Valve (T.R.V) controls. 

[bookmark: _Toc39167014][bookmark: _Toc39237187]3.8 Property survey

To see the anticipated reduction in consumption the tenant was asked to reduce the thermostat temperature by 10%. The VR100 gateway collects data on burner starts, how long they run for and at what times. This would be one of the key factors that tenants would be asked to change, with the boiler being on for longer periods but at a much-reduced temperature. They were asked to adjust their Thermostatic Radiator valve’s (TRV) to suit the room type and amount of footfall it may have. The research team were present at each property, a full survey of the heating system was completed and plans drawn out as to where each radiator is, window and door locations etc. All these variables would have been discussed within the results and conclusion section.

[bookmark: _Toc39167015][bookmark: _Toc39237188]3.9 Monitoring the changes

The next step in the trial was to begin phase two. In phase two, the monitoring would have continued but now the tenants had evidence to assist them in using their heating systems more efficiently. With many other monitoring surveys, the data collected was mainly gathered through the consumer via telephone or internet, this type of data however, is not reliable and will not give a true reflection of the actual energy savings. The VR100 monitors the full use of the heating system and the data cannot lie. The only variables that are out of the control of the experiment are changes made to the fabric of the building i.e. windows, doors left open, TRV’s adjusted. Data is sent to the portal from the VR100 devices every 4 hours, if there was any misuse of the heating system or if the tenants were not sticking to the new heating plan, the researcher could monitor and action it. The second phase lasted approximately 6 weeks where the trial properties were monitored before the final analysis. 

[bookmark: _Toc39167016][bookmark: _Toc39237189]4.0 COVID19 Pandemic

At the time of writing this we were very much stuck in the middle of the unprecedented corona virus pandemic. There have been some obvious ramifications following the lockdown, mainly the lack of travel unless absolutely necessary. This has undoubtedly hindered many research experiments. The intended methodology describes what would have happened during the different phases of the trial. Unfortunately the researcher wasn’t able to quantify his findings in this way. The trial was cut short and half way through phase one, the researcher was asked to only contact tenants in emergency and all home visits were cancelled. This obviously proved detrimental for the research experiment, and because the research team were not able to contact the tenants or visit them, they could not present the data or show tenants the changes that were recommended. As phase one could not be completed, obviously phase two could not or the analysis and comparison of the data sets. The researcher attempted to contact tenants to see if trial could continue over the phone but understandably the tenants had more pressing concerns regarding their health and this proved impossible. Following this unfortunate set of circumstances, the researcher had to make some crucial changes to the direction the project went.

[bookmark: _Toc39167017][bookmark: _Toc39237190]5.0 Aims & Objectives – revised

[bookmark: _Toc39167018][bookmark: _Toc39237191]5.1 Aims 

The researcher’s aim for conducting this report is to ascertain how effective knowledge and education can be to help tenants reduce their energy consumption.  

[bookmark: _Toc39167019][bookmark: _Toc39237192]5.2 Objectives

· Identify and compare the different methods used to help consumers reduce energy consumption (further research added to literature review).
· Create a survey questionnaire of staff at a Housing Association.
· Analyse data collected from the questionnaire.
· Using the results from the questionnaire identify the information to be included within the user guide for homeowners/tenants.

[bookmark: _Toc39167020][bookmark: _Toc39237193]6.0 Methodology – Revised

The intended research was reliant on data being collected from the trial properties and analysed to produce a tailored heating plan for each property. The revised research was structured around the same goal, that knowledge and education can be the most effective route for consumers to reduce their energy consumption. Without the data on actual energy consumption from the intended research, the researcher required an alternative set of data. With limited time, it was decided to collect data in the form of a questionnaire. The questionnaire was tailored around the same topic of research but as contact was restricted to the tenants, the researcher chose a different group of people. Staff at the housing association were chosen, they worked with and knew the tenants and seemed the suitable substitute. The questions were designed to ascertain if tenants had enough support, what the challenges were and what systems could be put in place to help with energy efficiency in the home. Instead of having energy consumption data to help the tenants reduce their energy consumption, the results from the questionnaire will help to produce guidance for the tenants to understand their homes and how to efficiently use them.

[bookmark: _Toc39167021][bookmark: _Toc39237194]6.1 Interview with Vaillant

The researcher also carried out some interview questions with the Vaillant representative, seen in Appendix 2. With the intended methodology, the Vaillant rep would have helped to design new heating plan for the tenants, however with the restrictions in place this was not able to going ahead. The researcher felt it was still important to gain some expert advice on efficient use of boilers, even without the data to analyse.
 
[bookmark: _Toc39167022][bookmark: _Toc39237195]6.2 Questionnaire

The researcher developed the questionnaire to collect information from staff at the housing association who within their roles have direct contact with tenants. Survey monkey was used as an external source to send the questionnaires to the recipients and receive the responses to be analysed. 

[bookmark: _Toc39167023][bookmark: _Toc39237196]6.3 Selected Groups

The researcher chose to send the questionnaire to a variety of different staff in order to receive a broad collection of data:
· Heads of service
· Housing officers
· Maintenance officers
· Anti-social behaviour advisers
· Community officers
· Scheme managers
Of the fifty questionnaires sent out forty-four were completed, providing a very satisfactory response of 88%.

[bookmark: _Toc39167024][bookmark: _Toc39237197]7.0 Questions – Revealed

1. Within your roles, are you aware of how energy efficient our tenants are?
Question 1 - to ascertain how much the staff that answered the questionnaire knew their tenants and whether in their roles they notice how energy efficient they are.
2. Do we as a Housing Association provide enough support & guidance to tenants on how to efficiently heat their homes?
Question 2 - was an opportunity for staff be honest about whether the Housing Association provides enough support for tenants.
3. Are you aware of the effects behavioural changes can have on energy efficiency within the home?
Question 3 - it’s important to know if staff were aware of the effects behavioural changes can have on energy efficiency. 
4. Do you think our tenants do?
Question 4 – it’s equally important to know if our tenants would be aware also. 
5. Do you believe social status has an effect on energy efficiency in the home?
Question 5 – it is controversial but social status can influence behaviour at home, thus influencing energy efficiency, it’s important to see what the participants think.
6. A lack of heating and poor ventilation can have damaging effects on our assets. How can we mitigate these effects?
Question 6 – an ongoing concern for landlords but can more be done to help landlords assets?
7. The market for smart sensors and devices around the home is huge and many are proven to help reduce energy consumption and wasted energy. Unfortunately this technology comes at a cost, do you think investment in this technology within social housing will encourage tenants to make changes?
Question 7 - many changes can be made to become energy efficient, should technology be the preferred choice?
8. Efficient use of boilers can help reduce carbon emissions, reduce energy bills and protect our assets. Do you think, providing tenants with a building user guide on how to understand the building and its services will benefit the tenant?
Question 8 – to ascertain percentages of staff who agree the user guide is a good place to start. 
9. What information would be useful to be included within the user guide?
Question 9 – a good understanding of what staff think should be in the user guide.
10. If tenants chose to make the recommended changes, what measures could be put in place to ensure they do not fall back to into bad habits?
Question 10 – the difficulty implementing new changes and maintaining discipline.

[bookmark: _Toc39167025][bookmark: _Toc39237198]8.0 Methodology review

As the intended methodology aimed to investigate how effective knowledge and education were to tenants when assisting with energy efficiency, inevitably it meant working with members of the public. Members of the public can be unpredictable, below are some difficulties that may have arisen:
· Difficulty contacting tenants or making appointments.
· Tenants resistant to change and not carrying out the recommended changes to their new heating regime.
· Difficulty changing mind-sets.
· Tenants being untruthful about changes to their heating regime.
· New technology could have software malfunctions or issues sending the data to the portal.
Problems that may have arisen regarding the tenants should have been mitigated at the beginning of the trial, before selecting the tenants. The researcher made every effort carefully selecting the tenants for the trial whom he deemed would benefit the most, therefore the tenants had an incentive to work with the researcher and not against. A lot of the responsibility would have fallen on the tenant and if for some reason they no longer wanted to participate in the trial/research they could quit at any time. Working with new technology has its risks but the fact that the data was being transmitted every 4 hours meant that any problems would have been picked up and rectified immediately. 
The new methodology had limited risks, being an online survey on a topic very relevant to all participants roles made the likelihood the questionnaire would have a fair response. In addition, as the researcher personally knew all the intended recipients, this would also increase the success rate of the survey. Had this been the intended method of data collection from the beginning of the project, a comparable group of people could have also been included and would have created more data to analyse from a potentially different perspective. A tenant questionnaire would have definitely benefitted the research, providing the researcher knowledge and understanding of how different people live and why they make the changes they do. A tenant questionnaire could also be used to help structure the user guide, by utilising their responses to questions regarding the contents of the guide and how it can be user friendly.

[bookmark: _Toc39167026][bookmark: _Toc39237199]9.0 Recommendations

The researcher’s theory that by educating tenants and giving them the knowledge to use their homes more efficiently can lead the way on low carbon living is still very relevant. When similar trials were researched it was found many relied on information over the phone or via post, the advantage of the intended trial was the data being recorded was actual performance information that could be monitored before and after the advice was given to the consumer. The intended research still has huge grounds to be continued using the same methodology and monitoring equipment. It should not matter what group of consumers or housing types are used, it will show honest data that should corroborate the theory. Real evidence on boiler performance that cannot be fabricated by a participant or the researcher should not be overlooked and therefore must surely be continued in some form. The recommendations, should the trial data have produced the anticipated results first thought, would have been the implementation of a building user guide provided to tenants at the beginning of a tenancy or handover for a new ownership. The new set of data collected from the questionnaire should confirm the researcher’s theory that a building user guide could assist in changing the way consumers live and use energy.  

[bookmark: _Toc39237200]10.0 Literature Review

[bookmark: _Toc39167027][bookmark: _Toc39237201]10.1 Energy consumption

With the UK being a leader in Climate Change, energy consumption targets need to be upheld. However, Members of Parliament for the Climate Change Committee have issued a warning to government that the target to increase renewable energy resources by 2020 by 15% will fail. Of the three subcategories targeted (electricity, heat and transport) heat is performing the worst, achieving below half the 12% increase required (House of Commons Energy and Climate Change Comitee, 2019). By increasing renewable energy resources, it will decrease our use of fossil fuels thus lowering our carbon footprint. Burning of natural gas produces many pollutants and until more options that are viable are made available this problem will continue. There are alternatives in creating energy in the forms of solar thermal, biomass and ground and air source heat pumps, but huge levels of investment are required for these technologies to be rolled out nationally. 
There are other ways that the carbon emissions we generate can be reduced. The most obvious and probably easiest solution is to reduce the amount of energy we use. As the consumer, one could be forgiven for thinking the responsibility falls on us. How refreshing it would be if this was the only obstacle in the way of becoming a low carbon country. Unfortunately with this conundrum follows many obstacles. To reduce the energy we consume we must first have access to sustainable homes that can be efficiently heated. One cannot simply stop using gas and electricity in their homes, the first thing that needs to be addressed are the buildings we live and work in. By providing more sustainable homes or retrofitting existing buildings, the onus can be placed on the user, and this leads us onto the next topic of interest. Can the consumer do more to help fight Climate Change? The lifestyles of consumers will play a key part in the fight.
The introduction of Smart Meters in to consumers’ homes has allowed for greater understanding of their individual energy consumption. 
The graph in figure 2 shows how energy performance in space heating within residential buildings compare worldwide. As the graph shows many IEA countries, for instance, Ireland, Germany and Portugal have seen reductions of over 35% since 2000(I.E.A, Energy efficiency statistics, 2018). 
[bookmark: _Toc39167028][image: ]
[bookmark: _Toc39237299]Figure 8 – Residential space heating by country (I.E.A, Energy efficiency statistics, 2018)

[bookmark: _Toc39167029]
[bookmark: _Toc39237202]10.2 Smart meters and programmable thermostats

The houses chosen for the trial all have Smart Meters installed and the energy consumption data collected during the trial will be analysed and become part of the results. To assist the government with its ambitious target to hit net zero carbon by 2050, it rolled out the Smart Meter Implementation Programme, to date it has installed over 16.6 million smart electric and gas meters (Fig. 9). Smart meters not only encourage the consumer to better understand their energy needs but also help energy suppliers and networks save on operational costs (Smart Meter Roll Out, 2019). The smart meter generates accurate billing, allowing consumers and suppliers better financial planning. More recent figures show the target to install smart meters in 100% of eligible buildings is at best ambitious. Timelines have been increased from 2020 to 2024 and the target reduced from 100% to 85%. Energy UK, the trade body who represent the companies tasked with the installation has gone as far to say they predict only 1 in 8 smart meter suppliers are likely to achieve that 85%. Smart meters are a crucial tool to help raise awareness but the roll out of the programme and the poor management of the project has raised further questions for the civil servants behind it (Stark, 2020).

[image: ]
[bookmark: _Toc39167030][bookmark: _Toc39237300]Figure 9 – Smart meter installation roll-out (Smart Meters, 2017).

The information smart meters hold give tenants real time and historic data on energy consumption. The more information tenants have on their energy consumption the better prepared they are to make changes to their lifestyles, thus reducing energy, bills and most importantly their carbon footprint. If consumers however, are not educated on how to interpret the data captured on the In Home Displays (IHDs) into actual lifestyle changes, without any guidance, the information will become irrelevant. More needs to be done to educate consumers regarding Indoor Environmental Conditions (IECs) (Wood et al., 2019; Smart Meters, 2018). There is a limit on the information that Smart Meters can produce, the information on consumption is extremely important to show consumers what they are using but to make specific changes to habit and lifestyle, a consumer needs to understand the most efficient way to use energy. 
Thermostats are an integral part of the heating system - there are two main types, manual and programmable. Most boilers installed within the last twenty years will have a programmable thermostat, the programmable thermostat allows the user to programme certain times of the day for the heating to come on and go off. The other and more basic thermostat is the manual, where the functions are simply ON or OFF. Programmable thermostats were designed to help the consumer use the heating system more efficiently. In many studies where both types of thermostats were compared, very little comparison was seen. Pritoni et al., (2015) confidently suggests she found no distinct differences. Some studies found small energy savings with the programmable thermostats, whereas others found an increase. Some other statistics following Pritoni’s study, found:
· 40% of programmable thermostat owners did not use the programme features.
· 33% had them overridden.
· 70% had never seen the instruction manual.
These results of how typical consumers use their heating systems can go a long way to help understand why, even with equipment designed to reduce consumption in place, the anticipated reduction is not seen, and why intervention is required.
Some years later (2017) in the US, the Environmental protection Agency (EPA) concluded that programmable thermostats were ineffective due to the lack of understanding consumers had programming and operating them. In essence, the research clearly showed that very few users were confident in programming the thermostats with most consuming more energy because of misunderstanding, resulting in misuse ((Pritoni et al., 2015).  

[bookmark: _Toc39167031][bookmark: _Toc39237203]10.3 The ‘Rebound Effect’

To reduce carbon emissions on a domestic level, consumers can make both changes to the home and to their lifestyles by living more efficiently. These changes are not always achievable for some consumers. All, regardless of social status, can make lifestyle changes that will affect carbon emissions. The more challenging of these issues are in the form of physical adaptation to the home in the form of insulation for example. The challenge for many is predominantly cost. Installing state of the art technology to monitor and control homes can be seen as an investment, but being a relativly new and ever changing market, smart technology can be expensive. The market encourages automation and it can be appealing to the few who can afford it mainly because it requires little if any lifestyle changes (Gram-Hanssen, 2013). Since the introduction of energy improvements in homes, the reduction in energy consumption has not seen the anticipated reduction many thought. Countries, relying heavily on climate strategies for energy efficiency improvements, will not see the projected reduction in carbon emissions (I.E.A, 2018; I.E.A, Energy efficiency statistics, 2018). This can partly be seen through the behavioral responses to improved energy efficiency, also known as the ‘Rebound Effect’ (Sorrell, Gatersleben and Druckman, 2018). 
There are two main components that make up the ‘Rebound Effect’, direct and indirect rebound. The thoughts around direct rebound suggests by utilising E.E.M this in turn should reduce consumption. The theory behind the idea suggests that as the consumer reduces their consumption they often use more energy, thus creating a direct rebound effect. Indirect rebound refers to how the savings that are made through E.E.M are spent. This can appear to come across as a negative but figures show that most of the economic growth over the past 200 years has mainly come from indirect rebound effects. It is because of this that the benefits of efficiency are not lost but instead redirected (O'Conner, 2015). Not all rebound effects are positive, just as they are not always negative, it depends on the consumer, their environment and the variables that may be present. An example of negative rebound effect could be:
‘road building programmes designed to reduce congestion may lead over time to greater car use and more congestion or vehicle safety measures may encourage people to drive more aggressively, thereby offsetting their benefits’ 
(Sorrell, Gatersleben and Druckman, 2018). 
There are many views on the causes of the Rebound Effect, Kendel, Lazaric and Maréchal, (2017) believe that household attitude and behaviour are two of the many contributors that limit the expected energy savings from E.E.M. The variations of economy wide rebound effect range vastly, from between -10% and +160%. The cause of this variation is hidden in the methodical approach devised, target group, nature of the energy efficiency improvement (E.E.I), study location and key economic characteristics (Kulmer, 2019). 

[bookmark: _Toc39167032][bookmark: _Toc39237204]10.5 User behaviour

[bookmark: bbib61]There are many opinions on strategies or models that can assist consumers on how to live more efficiently but ultimately the success of many of these concepts is dependent on the individual consumer. E.E.M can and do help to reduce energy consumption but one cannot assume once these measures are in place there will not be any ripple effects caused from the future choices the consumers will make. Whole lifecycle predictions of buildings can be calculated but one would struggle to predict life choices of the consumer. Energy efficiency improvements are not always physical, e.g. installing a smart meter or better insulation. An improvement can be in the form of a change in behaviour, for example lifestyle changes. Kulmer, (2019) discusses how his study generally viewed all consumers as homogeneous when creating the C.G.E models (Computable, General, Equilibrium), putting all consumer groups into one category. This however is not a true reflection of society, Kulmer (2019) cited Van Ruijven et al., (2015) does point out some important variables that would impact the true results, including income level, expenditure pattern, age, residential environment and other socio-economic characteristics. Hansen, (2018) carried out a similar study where results showed a definite correlation between occupants dressing warmer, keeping lower temperatures and energy-inefficient houses. Suggesting material arrangements have a direct impact on occupant expectations and practices, resulting in higher indoor temperatures and energy consumption. When carrying out his study Hansen, (2018) found that although the results did show indoor temperature was one important factor, the survey presented issues in data collection with both measured data and asking consumers directly about the temperatures. The consumer’s behaviour is arguably the most effective variable within the household but is equally the hardest to control. The UK government’s interest in understanding behavioural changes has never been so great, if consumers can be influenced, the benefits can be huge. Behavioural changes that have a direct influence on reducing emissions can have three main advantages. The first being the speed the changes can happen, it can be almost instant. Secondly, they can be cost effective, when comparing other EEM that could be installed. Finally, the cost saving direct to the consumer, as well as other benefits including lowered stress levels, wellbeing etc. (Palmer and Cooper, 2013).

[bookmark: _Toc39167033]
[bookmark: _Toc39237205]10.6 Fuel Poverty

There are serious concerns within the Welsh housing stock, it comprises of some of the oldest and least thermally efficient homes throughout UK and Europe. With as much as 32% of Welsh housing being built prior to 1919 many have poor thermal performance due to lack of construction standards. It is believed the average Welsh home has a standard assessment procedure (S.A.P) of just 61 points, equivalent to an E.P.C rating of D (see Fig. 10). One of the obvious causes of these low S.A.P ratings can be found in the building materials used and style of construction. Construction methods pre 1919 were considerably different to methods used today (Green et al., 2019). To be thermally efficient, buildings need to consist of fabrics with high thermal properties. With no cavity, no insulation and poor air tightness, homes built pre 1919 lose heat through the fabric, contributing to the poor S.A.P scoring. As discussed previously it is more difficult to retrofit E.E.M to buildings but with investment, this can be achieved. With capital being a huge barrier, social housing tenants will rely heavily on the housing provider to make the necessary investments. Proof that investment in E.E.M can make a significant difference can be seen in the Private Rented Sector (P.R.S), boasting an increase of 13 S.A.P points over the last ten years (Green et al., 2019). 
[image: ]
[bookmark: _Toc39167034][bookmark: _Toc39237301]Figure 10 – SAP/EPC Distribution in Wales (Green et al., 2019)
Although a term heavily used worldwide for decades, Fuel Poverty has become more prevalent within the UK in the last ten years. To assist researchers in estimating progress in fuel poverty statistics, certain elements are defined to help measure, model and monitor, Kearns' (2019) view is that fuel poverty is driven by incomes, energy prices and energy efficiency. The paper examines whether fuel poverty is affected by housing improvements and how movements in and out of fuel poverty compare and the associated factors behind the dynamics. An alternative view and the preferred mechanism used within the UK on determining fuel poverty, can be through the use of thresholds. There are, however, no typical household characteristics or measures in homes, which prove to be significant factors. Thresholds also do not take into account occupant deterioration in illness when exposed to poor housing conditions (Mould and Baker, 2017). It is difficult to define fuel poverty with so many variables to consider, consumers behave differently in different environments and in different situations. Human behaviour does not just define how a person is feeling at that present time, there are many variables that can influence behaviour. These can be in the form of physical conditions, emotional state, cognitive capabilities and social status (Kearns, 2019). The results from Kearns’ (2019) research, provides an understanding of how the different variables contribute to fuel poverty. At the end of the trial it was determined older people were the least likely to fall into fuel poverty because of the reluctance in using energy unnecessarily, they are entitled to winter fuel payments and they are not affected as much as other households when there are any reductions in earnings. Households where a member of the family may have a disability or long-term illness have a greater chance of falling into fuel poverty, with cuts in disability allowance and they tend to stay at home more resulting in higher energy consumption. Those out of work over time and those suffering from mental health conditions were the highest at risk, being more than twice as likely to fall into fuel poverty (Kearns, 2019). Although all the above may seem obvious catalysts for falling into fuel poverty, the research proves there is no easy or straight forward diagnosis to accurately predict energy consumption. It does however show that the most vulnerable members of society are generally the most at risk. Each consumer, each home and each lifestyle is different to the next. 

[bookmark: _Toc39167035][bookmark: _Toc39237206]10.7 Retrofitting 

In 2008 the Communities and Local Government Committee developed a report on Existing Housing and Climate Change, where it was discussed that targets to reach 60% reduction in carbon emissions by 2050 were unrealistic. It was however agreed that the housing sector is required to contribute to the overall reduction be it through new build or retrofitting existing buildings. The average new build produces 0.86 tonnes of carbon per annum with existing buildings producing nearly double at 1.6 tonnes. With this statistic in mind, the forecast for a 60% reduction in carbon does look unachievable. The report also mentions how new build development has huge advantages over refurbishments and retrofitting where the system is flawed and favours new build. Government incentives and most grants have all but phased out for renovation projects. This, coupled with the 17.5% V.A.T on top, seems to be enough to persuade most developers toward new build (Communities and Local Government Committee, 2008). 
Baeli, (2013) reviewed twenty case studies of residential retrofitting and the report mentions that the benefits of retrofitting can be vast If incorporated effectively, there can be reductions in energy, property owners can avoid dilapidations, it can help to future-proof against fuel poverty and thus increase comfort and wellbeing of the occupants. The UK housing assets hold over 27 million existing properties, with 120,000 new units being built per annum. With the demand for new homes ever increasing, unless some of the 27 million existing homes can be converted into energy efficient dwellings before 2050, the likelihood is that the target to reduce carbon emissions by 80% by 2050 seems ambitious at best. To achieve the carbon emissions target, there would be a demand for a level of mandatory Energy Efficiency that goes above and beyond any current building regulations and even BREEAM refurbishment. Some industry professionals believe the answer lies in demolishing the existing buildings and re-building new energy efficient affordable homes. In reality, the environmental impact would be extremely negative should this technique be adopted. It is estimated there would be savings of 35 tonnes of CO² per property with retrofitting being considered over demolition and re-build. There is also the reduction of raw materials, fossil fuels and unnecessary waste of more green belt land to consider. 
The household activity that demands the most energy is space heating at 58%, with water heating coming in at 24% (Baeli, 2013). It therefore makes sense to prioritise the retrofitting design to encompass reductions in heating consumption first. Masonry walls absorb heat but without insulation it cannot be contained and utilised within the building. Windows and doors are also main contributors for heat loss in buildings but these defects can be easily rectified. The obvious remedy for a building without insulation would be to install internal or external wall insulation (E.W.I & I.W.I). These remedies however are not easy to incorporate into a building. Therefore a lack of knowledge, evidence and skilled contractors, have contributed to property owners having understandable reservations of E.W.I and I.W.I. 
Retrofitting is one part of an important process to help homes to be more energy efficient but it is still only one of the E.E.M’s that are required. For E.E.M to fully benefit a home the fabric first approach should be considered at the beginning of a project. The properties included in this trial have not had any adaptations, so the retrofitting requirements will be considered after the results have been analysed and recommendations for retrofitting can be identified.

[bookmark: _Toc39167036][bookmark: _Toc39237207]10.8 Knowledge and Guidance

For consumers to live efficiently in their homes, a fundamental requirement should be to understand the homes they live in and how they work. There are so many variables within a household that cannot be controlled via technology or equipment, previously discussed as behavioural, lifestyle etc. This is why it is so important that the technology and equipment that can be controlled needs to work as it was designed to. Most products that require assembly or that have working parts come with some sort of manual or instructions for use and yet when purchasing a house, you may not have any guidance on how to use the building. Even when beginning a new tenancy, a tenant who will likely be paying towards the running cost of a building, won’t necessarily know the most cost effective and energy efficient way to run it. As part of the research, it became apparent that there did not seem to be any mandatory regulations that ensure developers and landlords provide building guides to purchasers and tenants when contracts are signed. When looking through the tenant lettings pack at the Housing Association seen in Appendix 1, there was very little information or guidance on how to use the heating system. There were some general statistics about how much a typical household would save X amount of £’s if the thermostat was reduced by 1 degree, also some advice on boiler breakdowns. There are some estimates on average consumption of certain appliances within the home but that is all the advice and guidance given to new tenants regarding using the heating system and energy efficiency within the home. The information seems to be generic with nothing specific to that building or heating system. The era of construction will depict the type of construction and fabric used which should decide how a building should be managed.
The equipment in homes should be designed to be easy for consumers to use. There shouldn’t be a requirement to be an expert to simply use a heating system efficiently. At the very beginning there was an interest finding out how smart technology would work within social housing, but the more the research unfolded and after meetings with tenants, it became clear not enough was being done to help the tenants understand and use their homes more efficiently. Regardless of the condition of a house, or what EEM have been installed/retrofitted, if the tenant does not understand how to use the heating system, the equipment/system used is almost irrelevant.
As the push for low carbon buildings and construction increases so should consumers awareness of the part they need to play. For this to happen consumers need the technical information on how to use their homes, but like the equipment, it needs to be more user friendly. Carmona-Andreu, Stevenson and Hancock, (2013) talk about how low carbon homes with little consumer guidance and manuals that are too complex for these highly specified buildings and are set up to fail from the offset.
If buildings are constructed using low carbon design, the technologies and smart systems need to be durable and reliable, but from the outset, they need to also be user friendly. When it comes to investment, developers can benefit by designing the technologies that are simple for occupants to control, which would encourage investment. This however is not proving easy to accomplish and currently there are more concerns, which would discourage investment as seen below:

· concern that the technologies may be too complex for a landlord to manage
· lack of data from occupants who have lived in the houses
· lack of engineers/technicians qualified to maintain the houses and the technologies
· [bookmark: _Toc39167037]training tenants to use the technologies(Monahan and Gemmell, 2012)



[bookmark: _Toc39237208]10.9 Building user guides

Daily activities like running the taps, having a shower and turning the thermostat up, may seem insignificant but by not understanding how the hot water gets to where it needs to go and possibly at a pre-empted time, we as consumers are needlessly increasing our carbon footprint. Consumers within the UK need to take responsibility and act to help in this climate emergency. To take responsibility, one must be aware of what they are responsible for.   
Building guides are sometimes made available to new owners or tenants but what is contained in them and how easy it is to understand? Gill (2010) assesses the guidance given to tenants in his research. He talks about the lack of guidance given for using the heating system and that the manuals that were available were hard to understand. Part of his research found that less than 10% of the consumers studied, used the guide successfully and 64% did not use the guide at all. 
If working towards BREEAM standard, creating extensions or self builds, there is a requirement to provide a ‘Home User Guide’ that will carry with it 3 BREEAM credits. It is not mandatory or even a minimum standard, but it identifies the requirements and subsequent benefits for a home user guide. 
The guide should include:
· Energy efficiency strategies.
· Tips on energy saving measures.
· Suitable sets of operating and maintenance instructions, produced in a way the home owner/tenant can understand and should be directly related to the particular systems in that home.
· How to guide on operating the systems efficiently.
· Details of other low energy equipment, their use and the benefits i.e. lighting.
‘To recognise and encourage the provision of guidance for the home owner/tenant so they can understand how to operate their home efficiently and effectively’ (BREEAM Home User Guide, 2016)
Every new home in the UK with a Buildmark warranty and insurance policy can have a Home User Guide (HUG). A HUG gives access to an online portal where users can store information about their home. Information can range from warranties and insurance to manuals and instructions relating to their home. This portal can have many benefits including ‘how to guides’, users can set servicing reminders and it can be tailored into their personal easy use guide (NHBC).
It is clear that there are some organisations trying to ensure homeowners and tenants are more aware of the building they are intending to live in, but there does not appear to be any mandatory requirements or even minimum standards. Without these, there is no structure. What is required is a uniformed approach that is tailored by industry bodies with standards that govern low carbon living and how to achieve it. 

[bookmark: _Toc39167038][bookmark: _Toc39237209]11.0 Results
 

[bookmark: _Toc39167039][bookmark: _Toc39237302]Figure 11 - Question 1
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[bookmark: _Toc39167048][bookmark: _Toc39237311]Figure 20 – Question 10
Within this chapter, the researcher will discuss the anticipated results from the intended research project, what the results could have shown and the impact it could have had on the participants of the trial. He will also discuss the results from the actual data collected from the questionnaire and the potential impact on the project. 

[bookmark: _Toc39167049][bookmark: _Toc39237210]11.1 Intended Results & Recommendations

The analysis for the intended research project would have been made using data collected from boiler monitoring software. This would have shown the researcher actual boiler usage stats, with readings from various sensors connected through the software. Information already collected on tenant lifestyle and heating system modelling gave the researcher key information on how each trial property was being managed. Once the data was collected from phase one and analysed, each of the properties were required to follow the guidelines given to them. Given that the boiler was being monitored, there would have been a relatively high probability that most tenants would have made the required changes. 
There are many variables that could have and would have affected the data that could not have been managed through this research project. The one variable that could be managed through this research was knowledge and training of the heating system that the tenants would have been given. The researcher had anticipated a positive response during phase two and with the tenants making the recommended changes, the reward would hopefully have been seen in their energy bills. 
Knowledge and training may seem trivial but by providing something so simple, in a way that can be easily understood, can provide benefits extending way past the realms of that household. As the research proved in the literature review, there appeared to be no mandatory requirements for ensuring homeowners or tenants were sufficiently trained or given guidance on using their building. BREEAM and NHBC were two organisations who suggested the use of building user guides as discussed earlier, but their recommendations were quite different. Carmona-Andreu, Stevenson and Hancock, (2013) talked about developers constructing low carbon dwellings with highly specified services including MVHR systems and gave tenants some guidance, but even these had negative feedback from the tenants with most admitting they were not user friendly. There were many different variables that could be connected to energy consumption. Unfortunately, it was felt that these were beyond the remit of this research. The researcher felt there was some literature regarding the negative impacts on energy consumption due to the lack and knowledge and understanding, but nothing to suggest a remedy that would be mandatory throughout the industry. There was also not enough evidence available on the direct influence providing knowledge and training of a heating system could give. Monahan and Gemmell, (2012) believed a back to basics approach was the only way to help consumers understand, using structured layouts and labelling on controls, instructing what it did and how to do use it. The researcher believes that this research project should be pursued post COVID19 because the results could be used in future development of homes and the users. 
[bookmark: _Toc39167050][bookmark: _Toc39237211]11.2 Actual Results & Recommendations

[bookmark: _Toc39167051][bookmark: _Toc39237212]11.3 Interview – (Full transcript in Appendix 1)

During the course of the interview, the Vaillant representative gave the researcher some industry guidance on some small but extremely effective changes that all tenants could embrace. There were techniques described on how to make changes to ‘Comfort’ and ‘Set Back’ mode which keeps the home at an ambient temperature, 

‘by setting the controls up like this, it reduces the amount of sudden start & stops that will help prolong the life of the boiler and helps reduce a lot of wasted energy as you are keeping the house at more of a constant temperature’ Vaillant (2020). 

He talks about most boilers being factory set and sometimes not designed for that particular building, the model depends on Kw output and the demand has to match the output. Adjustments can be made to boilers wrongly specified, but ultimately a correct boiler should match the needs of the building. They both discussed other parts of the heating system that can be managed. TRV’s were mentioned, how to use them and what the preferred setting should be. The importance of maintenance was also discussed and how important it was to maintain the efficiency of the boiler. If the boiler is working harder because of sludge in the system etc. it will cost more to run. To finish, the Vaillant representative produced some statistics on potential saving should some of these measures be adopted. Although some might seem obvious, unless these tips are explained and guidance given on how to make the changes, they can and are very easily overlooked. Fig. 21 & 22 clearly show results if some minor changes are made to the way heating systems are used. Considering these are the smallest, most basic changes, there is the potential for massive savings. The results from the interview confirmed some typical suggestions that could be explained to homeowners/tenants prior to moving in to a new home. These controls and settings can even be explained and set to each tenant’s requirements beforehand.  
 
	Save £80 & 320 kg carbon dioxide a year by turning the room thermostat down by one degree.


	Save £80 and 330 kg carbon dioxide a year by installing and correctly using a programmer, room thermostat and thermostatic radiator valve.




[bookmark: _Toc39167052][bookmark: _Toc39237312]Figure 21 – Statistics showing reductions in emissions through basic changes to a heating system (Vaillant, 2020).

[bookmark: _Toc39167053][bookmark: _Toc39237313]Figure 22 – Line chart, showing savings through the changes shown in Fig. 21 (Vaillant, 2020).

[bookmark: _Toc39237213]11.4 Questionnaire

The requirement of a building user guide that would be mandatory for all housing developers and landlords, had already been discussed by the researcher. The following questions were created by the researcher using knowledge gained through this research. The questionnaire was solely created to gain feedback from industry personnel on the idea, the contents of the guide, the benefits and the potential roll out. 
Q1 – The researcher asked participants were they aware of how energy efficient tenants were. The results shown in Fig.11 were not conclusive, although nearly half (47.5%) were either aware or very aware of how energy efficient they were. This can be looked at as positive, the fact that almost half the participants had either noticed energy efficiency measures being used at the homes, or had spoken with tenants about energy efficiency. Over half (52.5%) either did not know or were unsure. This provides a problem in that, a housing provider who has committed to low carbon living is not familiar with how tenants are using their homes. 
Q2 – Does the Housing Association provide enough support and guidance for tenants on how to efficiently heat their home? The results showed just under half of the respondents felt not enough support or guidance was given (44.74%). This shows a clear majority believes more could be done. Over a quarter did think enough was being done with the remainder answering impartially. This shows that the Housing Association (HA) is doing something and those in agreement clearly believe what the HA’s are doing is enough. The question remains, what support and guidance did the participant believe the HA were providing? 
Q3 – The researcher asked the participants, were they aware of the effects behavioural changes had on energy efficiency in the home? The response was as anticipated, overwhelmingly in agreement, with 82.5% either being aware or very aware. Behavioural changes can be a huge variable that is difficult to manage especially when it comes to the effects they can have on people and their surroundings. The researcher wanted to ascertain the level of knowledge the participants had on the subject and the relationship to energy efficiency. 
Q4 – Follows directly on from Q3, do you think tenants are aware? The response from the participants was that 62.5% agreed that some might be aware of the effects behavioural changes have, but to what extent? One could be excused for not knowing all the effects that behavioural changes can have, only through researching the topic area did it become obvious to the researcher its scale and complexity. The researcher agrees there are some obvious behavioural changes in the form of consumer awareness, recycling etc. that most should be aware of but it is hard to know which are being referred to. The reason it matters, is to really understand consumers and behavioural changes, one needs to understand what they are, how they affect the people within the household and how they affect their energy efficiency. There is also the financial impact that can play a huge part in behavioural changes and can evolve into fuel poverty. 
Q5 – The participants were asked if they believed social status has an effect on energy efficiency within the home? As pointed out previously it is a controversial question because it should not matter, the social status of a tenant should not be a variable that can influence energy efficiency within the home. Unfortunately, it can and it does, when researching the topic of fuel poverty, the researcher found the most vulnerable and most at risk tenants were likely to be the ones requiring the most guidance on how to use their home efficiently and could ironically gain the most of all. There is also the suggestion that energy efficiency is beyond social status, where our most vulnerable members of society, the homeless, probably produce the least carbon. The participants responded mostly in agreement with 60% either agreeing or strongly agreeing and 30% answering impartially.  
Q6 – The researcher felt it was important to cover managing preventative maintenance, which led to the following question. A lack of heating and poor ventilation can have damaging effects on our assets. How can we mitigate these effects? Of the five options available all received on average 10% but the option almost half (47.5%) of participants agreed with was the ‘all of the above’ answer. This shows that to assist tenants with their home, it is not only a user guide that is required, there need to be other options available. Just leaving tenants with the information is not enough, its needs following up. 
Q7 – The researcher moved onto the topic of smart technology and the potential it has to help reduce wasted energy and consumption. With this coming at a cost, the question was asked, if the investments were put into social housing, would it encourage the tenants to make the required changes? 62.5% either agreed or strongly agreed, 25% answered impartially and 12.5% disagreed. With the majority in agreement, it could prove to be an important stepping-stone in the fight to reduce carbon. This kind of investment would need a major trial to ascertain the kind of data that would lead to a successful experiment. There are obviously many variables present in all homes and each will need to be considered in any further research. 
Q8 - The participants were next asked about providing a user guide to help tenants understand the building and its services and whether it would benefit them. This resulted in another response strongly in agreement with the question, with 62.5% either agreeing or strongly agreeing and 17.5% answering impartially. This shows a high majority agree that something needs to be provided to the user with some guidance but it is what is in the guide that is really important and how it is portrayed to the user. 
Q9 - What information would be useful to be included within the user guide? There were five options available all being helpful guides to using and understanding their homes. 35% of the participants chose one of the five options and the remaining participants (65%) chose all five options. The majority thought the more information a user has to help understand their building the more efficiently it could be managed. As previously mentioned, the detail and how the information is presented, is extremely important for being user friendly. 
Q10 – Finally, the researcher asked the participants what measures could be put in place to make sure tenants did not fall back into bad habits. 40% was shared out between the four answers available and the majority (60%) opted for the ‘all of the above’ option. Again much like the previous answer, some participants felt only one of the steps were required to help tenants maintain their focus. The researcher however felt unless evidence could prove the most beneficial technique then anything that can help maintain and promote energy efficient living should be utilised. 
The research questionnaire definitely had some flaws in its design of certain questions. It was difficult to analyse the answers to certain questions, to receive more specific answers, interview type questions should have been used and would capture exactly what the participant wanted to say. Quantitative research in the form of questionnaires have some obvious advantages, being relatively cheap and easy to send out to potential respondents. However there are also some restrictions, e.g. there is no way to record the emotions of the respondent, they have low reliability and validity and respondents may be reluctant to portray their true feelings (Advantages and Disadvantages of Questionnaires, 2014). As an overview of the questionnaire in its entirety, it ultimately proved what the researcher set out to do. 
The majority of the participants agreed more support should be provided and that the HA strategy needed rethinking. Knowledge and understanding definitely needed to be a fundamental requirement, with those identified most at risk being prioritised. The results also suggested that an investment in technology is necessary and that mandatory guidance should be imposed, in a way that can be easily understood. All participants agreed the contents of the guide should contain ways to assist the user but there was no obvious agreement exactly what the details should include. The details of the user guide should be structured in a way where it was reviewed periodically, to highlight any recommended changes or re-structuring if required. 
There were some positives, namely the 88% of successful respondents who completed the survey, which given the stringent timeline the researcher had, was no mean feat. Also the data collected was from selected industry professionals whose roles gave them direct contact with tenants, to capture data from forty-four participants within one HA is a good reflection of how, the majority of the staff would have scored in the questionnaire. 

[bookmark: _Toc39237214]12.0 Recommendations 

As discussed previously in section 10 the researcher felt the intended methodology had good grounds to be pursued. Regarding the actual methodology, the researcher has recommended that some areas would require additional investigating. More information would need to obtained on building user guides currently being used and a comparison of the contents. It is also recommended that a study be carried out on the user experience, with tenants/home owners ultimately contributing to the design of the guide in a way that is easy to understand. Another area of research that became apparent toward the end of the project was the lack of ownership taken within a property. There needs to be shared responsibility for decisions made within the home. The HA should feel responsible for providing a safe and secure home with the necessary EEM in place to help reduce carbon emissions but equally the tenant should also bare some responsibility, utilising the EEM and making the necessary lifestyle changes. A recommendation for further research in this area would prove beneficial to the overall outcome of the project.

[bookmark: _Toc39237215]13.0 Conclusions

At the beginning of the project, the researcher’s chosen topic was Smart Technology and its integration into domestic dwellings. As the research progressed so did the direction of this project, with a more directed approach toward smart heating within social housing. This narrowed the research area but created routes that were unknown to the researcher. The researcher set out to identify the various methods of energy efficiency measures that can be used to help tenants be more energy efficient. The literature review highlighted the key areas and they were considered when researching energy efficiency within social housing. It became apparent that for tenants to become more energy efficient there were many variables to overcome, each house being different to the next. Some of these variables, namely user behaviour and fuel poverty can not be controlled using guidance or equipment and would need more sophisticated methods of intervention. These variables are equally if not more important than all EEM combined, it was determined that tenants who are financially or mentally incapable of using EEM, without adequate support and guidance could struggle to strive towards energy efficiency. 
The intended research using smart technology in the form of boiler monitoring, was not completed but it did provide the researcher with good insight into the potential benefits smart technology can bring to the industry. Ultimately as with other EEM if the equipment is not user friendly or not used in the way it was designed it can potentially add to the carbon footprint, not reduce it.
Within the literature review there appeared to be some clear issues that caused tenants confusion when using new systems in the home. The researcher’s main concerns were the lack of understanding many consumers have on how buildings work and in particular, how the heating systems are used. With very little mandatory requirements for developers and landlords to provide anything more than a basic building guide, it leaves many tenants misusing and even disregarding equipment designed to assist. Analysis of the results leads to a recommendation for universal guidance and training to be given to all homeowners and tenants within all sectors of housing. The guide would need to be mandatory for all developers and landlords to provide and should be trialled and tested. The importance of consumer input is crucial to its design as is the need for usability and uniformity. A recommendation should also be for tenants of rented properties to receive mandatory training of the user guide. Tenants should carry an element of responsibility for using the property efficiently.   
There are fundamental flaws within the construction and maintenance industry, where there is the appearance that efforts are being made to reduce carbon but in reality, nowhere near enough is being done. The consumers and providers need to have collective ownership of the problem to meet the seemingly ambitious targets the UK Government have set. Without clarity on exactly what needs to be done and the part we all have to play, the UK will struggle to become a low carbon nation.
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[bookmark: _Toc39237218]14.2 Appendix 2 - Vaillant interview

Interview attendees – 
AM - Alex Morgan (researcher) and JH - Jack Hobbs (Specification Manager at Vaillant)

AM - As there have been issues attending site and collecting the data, the original plan to design new heating routines for the tenants could not happen.
I would be grateful for any general advice you could give and some maybe some changes that could have been made had restrictions not been put in place.   

AM - What advice could be given to the consumer to assist with efficient use of the heating system?

JH - At Vaillant, we would always try to recommend using our range of control with either Load Compensation or Weather compensation and instead of the traditional method of ‘On & Off’, we prefer to set main room thermostats up on a ‘Comfort & Set Back’ mode. By setting the controls up like this, it reduces the amount of sudden start & stops that will help prolong the life of the boiler and helps reduce a lot of wasted energy as you are keeping the house at more of a constant temperature. 
For example, the comfort setting could be 20 degrees and when the Thermostat senses the property is getting close to achieving this it will begin to reduce the heat going through the radiators to help stop exceeding the temperature of the house unnecessarily. The boiler then modulates the temperature going through the radiators at all times to help keep that desired temperature for a continued time. The set back is then set to a temperature around 16/17 degrees, which means the boiler and thermostat can help work to keep the house at a comfortable temperature. This will stop the boiler from not reverting to switching off, dropping the temperature down to say 7/8 degrees and then have to fire up again to cover heat losses such as walls and windows resulting in wasted energy. 


AM - Does the type of boiler make/model any difference to energy efficiency?

JH - On the whole, most boilers will come out of the factory automatically set at a certain Kw rating for the heating capacity. For example, we could have an ecoTEC Pro 28 in a property that would be automatically set at 18kw on heating load. Combination boilers are designed for hot water delivery primarily and therefore an adjustment can be made on the boiler to alter the heat load to suit the property. 
For example: If a 1-bedroom bungalow has five radiators at an average of 1kw each the heat load would only be 5kw plus a percentage factor over that either 5% or 10%. If there is a 28kw boiler in there automatically set at 18kw this can be reduced to better suit the property it’s going into and the boiler along with additional controls would modulate itself based on what you tell it which should result in a far more efficient running appliance. 

AM - What other parts of the heating system could be managed to assist with efficient use of the boiler?

JH - Thermostatic Radiator Valves are also another way of boosting the systems efficiencies. If each room (apart from the room the main thermostat command is) has a TRV fitted this helps control the temperature of each individual room. The valves work on the room temperature and will usually have target room temperature settings from 0-5. If rooms are not used you can turn the valve right down (we usually recommend not all the way off to save on wasted energy through the system pipework in getting to a shutdown radiator) again saving the boiler performance to not continually heat areas that don’t always need it. 

AM - Is there any maintenance advice that can help with boiler performance? 

JH - System Cleansing and Deaerating are other ways of helping the performance on a heating system. Naturally over time systems can build up sludge through various means, if the system water pressure has been topped up this introduces oxygenated water as well as dilutes any potential inhibitors in there. With several dissimilar metals on a heating system (copper, brass, steel, and sometimes aluminium), the introduction of more oxygenated water can cause a build-up rust and sludge over time if it hasn’t been cleansed on a service. By fitting a Filter on the Flow Pipe for deaerating the water and a magnetic filter on the return pipe, you would help improve the boilers performance, as there should be far less sludge build up meaning the boiler is not fighting to get the warm water around its system.

JH – Below are some savings stats and percentage benefits.

Thermostat & Thermostatic Radiator Valve Potential Savings

· Save £80 & 320 kg carbon dioxide a year by turning the room thermostat down by one degree.
· Save £80 and 330 kg carbon dioxide a year by installing and correctly using a programmer, room thermostat and thermostatic radiator valves.

The table below gives you an idea of the percentage benefit you would see from the various types of thermostatic control:

	Traditional on/off room thermostat                         
	= 1% (VRT 15)

	Weather compensation only                                      
	= 2% (Outdoor sensor only)

	Modulating room thermostat                                    
	= 3% (VRT 50 or VRT 350)

	Weather compensating and room thermostat     
	= 4% (VRC 700 or vSMART)

	Multi room sensor and weather comp                    
	= 5% (VRC 700 and ambiSENSE)



AM – Thank you for all your help and I look forward to carrying on with the trial in the near future.
JH – Thank you for the opportunity working with yourself and your organisation, when we are back up and running we can arrange tenant liaison days and can have a look in to any properties that may benefit from certain upgrades like thermostats to help on efficiencies wherever possible.
Interview complete.
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Jack Hobbs (2020), Specification Manager at Vaillant Group: Interview with Alex Morgan, Phone call, 15/03/2020.

Question 1

I am very aware of how energy efficient our tenants are	
0.17499999999999999	I am aware of how energy efficient our tenants are	
0.3	Not sure	
0.15	I don’t recall knowing how energy efficient our tenants are	
0.17499999999999999	I definitely don’t know how energy efficient our tenants are	
0.2	

Question 2

I Strongly agree 	
2.5000000000000001E-2	I agreee	
0.27500000000000002	Not sure	
0.22500000000000001	I disagree	
0.42499999999999999	I strongly disagree	
0	

Question 3

I am very aware 	
0.27500000000000002	I am aware 	
0.55000000000000004	Not sure	
0.05	Never thought about it	
0.1	Iam not aware of it	
2.5000000000000001E-2	

Question 4

All are aware	
0	Some might be aware	
0.625	Not sure	
0.17499999999999999	Most would not be aware	
0.17499999999999999	No tenants would be aware	
2.5000000000000001E-2	

Question 5

I strongly agree it does	
7.4999999999999997E-2	I agree it does	
0.52500000000000002	Neither agree or disagree	
0.3	I disagree	
0.1	I strongly disagree	
0	

Question 6

Tenant guidance	
0.1	Building monitoring	
7.4999999999999997E-2	Mandatory education/training	
0.1	Tenant user guides	
0.1	Regular inspections	
0.15	All of the above	47.5%

1	

Question 7

Istrongly believe it will	
0.22500000000000001	I agree it will	
0.4	Neither agree nor disagree	
0.25	I strongly agree	
0.125	Wellbeing and comfort levels	
0	

Question 8

I strongly believe it will	
0.15	I agree it will	
0.57499999999999996	Neither agree nor disagree	
0.17499999999999999	I disagree	
7.4999999999999997E-2	I strongly disagree	
2.5000000000000001E-2	

Question 9

Understanding your boiler	
0	Understanding your home	
0.1	The cheapest way to heat your home	
0.15	The importance of ventilation	
7.4999999999999997E-2	Wellbeing and comfort levels	
2.5000000000000001E-2	All of the above	65%

1	

Question 10

Celebrate their positive results	
7.4999999999999997E-2	Regular updates and meetings	
0.1	Publish results within the monthly newsletter	
0.1	Encourage more tenants to do the same	
0.125	All of the above	
0.6	

CO² reduction through minor changes   

Median UK household emissions	Feb	March	April	May	Jun	Jul	Aug	Sept	Oct	Nov	Dec	1.42	2.84	4.26	5.68	7.1	8.52	9.94	11.36	12.78	14.2	15.62	17.04	1 degree reduction on thermostat	Feb	March	April	May	Jun	Jul	Aug	Sept	Oct	Nov	Dec	1.39	2.78	4.17	5.56	6.95	8.34	9.73	11.12	12.51	13.9	15.29	16.68	Correct use of thermostat and TRV's	Feb	March	April	May	Jun	Jul	Aug	Sept	Oct	Nov	Dec	1.36	2.72	4.08	5.44	6.8	8.16	9.52	10.88	12.24	13.6	14.96	16.32	
CO2 emissions( tonnes)
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Energy intensity per floor area of residential space heating by country, 2000-2016
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