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[bookmark: _Toc7817997]Abstract
Climate change is a constant subject of concern and the growing urgency to become environmentally sustainable puts incredible pressure on organisations and consumers to adapt quickly and on a massive scale. Of course, the responsibility lies with us all to make that change for a better future. The aim of this research is to understand the process of enabling us to adapt current and new homes to be more sustainable by adopting renewable energies sources such as photovoltaic energy, taking one step at a time. 

Through primary and secondary research, this dissertation, though does not provided a definite solution to sustainability, offers insight to organisations and consumers alike regarding the impact of current use of fossil fuels, the PV available and we can create better sustainable homes. Considering the opinions and experiences of industry professionals and consumers, in accordance with researched literature, developing ideas suggesting how a small change can make a long-term difference.

[bookmark: _GoBack]This study provides recommendations for organisations and consumers outlining areas requiring further research and education.

[bookmark: _Hlk7005181][bookmark: _Toc7817998]Chapter 1: Introduction

By implementing an interpretivist methodology to interview industry specialists and consumers, the researcher attempts to understand the importance of adapting older properties and erecting new domestic properties using solar energy or photovoltaic[footnoteRef:1] (PV) energy to create a sustainable future. Undeniably, this is one small area for consideration in a much larger picture but none the less important.  [1:  Photovoltaic, a term derived from converting light (photons) to electricity (voltage).
] 

The researcher chose to focus on PV for a few reasons; firstly, PV provides consumers with the ability to produce their own electricity, reduce household carbon emissions and reduce long-term outgoings; the decision by the government to discontinue the FIT[footnoteRef:2] incentives and the effect it will have on future installations and finally, the significance of fossil fuel use on climate change and how one small change can make a difference. [2:  Feed-In Tariff is a government implemented incentive to encourage PV installations.] 

Of climate change Sir David Attenborough said,
Right now, we are facing a man-made disaster of global scale. Our greatest threat in thousands of years. Climate change. If we don't take action the collapse of our civilisations and the extinction of much of the natural world is on the horizon. - (Attenborough, 2018)
Bringing to light during talks with the UN Climate Change Conference and his documentary, ‘Climate Change – The Facts’, the effects climate change is having on our planet. Sir David stated climate change has changed dramatically in the twenty years he has reported about it and if action is not taken within the next decade, we could face irreversible damage (Climate Change - The Facts, 2019).
Young activist Greta Thunberg thrust climate change into the hearts of our future generations, inspiring hundreds of school children to go on strike in support of climate change. In the process, the researcher felt made an example of adults, leaders and organisations alike. In a bold statement Greta suggested that since the world leaders had ignored climate change in the past and were acting like adolescents, it was up to them to take responsibility and to tell them about the impending disastrous changes the word faced (Connect4Climate, 2018). Professor Kevin Anderson praised the teenager stating she had made more difference in one speech than world leaders in decades. He also implied their ignorance and evasion of the truth was the cause of a 65% increase in CO2 emissions since 1990 (Queally, 2019). 
The question we need to ask ourselves is, what changes can we make to create a better the future for subsequent generations? One act of change will not magically transform the future but to quote John Hayward;

“Rome wasn’t built in a day!” (Early English Dramatists, 1562). 

The meaning taken from this in context to sustainability is, that with each change we make, over time the brighter and stronger the future becomes.
The aims and objectives of this dissertation is to answer several questions relating to the importance of adapting daily living to encompass PV energy, to understand its advantages and disadvantages, and how changes to government legislation impacts PV industry sales and consumer involvement. The dissertation looks at our dedication to providing future generations with a healthier world. 
Question one: How is photovoltaic energy beneficial to sustainable homes of the future?

Aim: To understand the benefits of PV. 
Objective: To determine, from the perspective of industry specialists and consumers the importance of PV energy in domestic use for future properties.

The opening question is the most important to the dissertation as it aims to evoke the personal connection a participant has for sustainability, their reasons for installing or a part of the PV industry. It also opens the participant to further depict why they are passionate about adapting to form sustainable living.

Question two: The government FIT will end in March this year; do you think this will have an impact on the number of households installing PV systems?

Aim: To highlight the effects of government changes will have on consumer involvement with PV.
Objective: To analyse if discontinuing the FIT incentive will have a negative effect on the PV industry. 

This highlights the barriers preventing new consumers from becoming PV efficient due to lack of government incentive but will also examine alternative ways to store energy for personal use which would originally have been sold back to the grid.
Question three: What benefits, if any, have you experienced since having installed a PV system? 

Aim: To understand the benefits to installing PV.
Objective: To comprehend from a consumer position the true benefits of PV energy.

This and question four focus on consumer opinion and overall experience since adopting PV energy. Their aim is to comprehend the advantages and disadvantages from consumer perspective following installation of PV energy within a domestic property. The consumer perception and satisfaction can ultimately lead to the introduction of other renewable energies for personal consumption.

Question four: What disadvantages, if any, have you experienced since having installed the PV system?

Aim: To uncover disadvantages to domestic PV energy.
Objective: To highlight any consumer dissatisfaction caused through PV installation.

Question five: Would you recommend PV energy as a first step to combating climate control?

Aim: To determine from industry and consumers if PV is a positive step for fighting climate control.
Objective: To provide insight into participant opinion of steps to tackle climate change within a domestic environment.

The question here relates to more than the pros and cons of PV energy. It allows the participant to once again to express their individual opinion regarding the future of PV as a domestic commodity in the fight for climate change.

Question six: Have you received any positive or negative feedback following an installation?

Aim: To understand industry perspective on the advantages and disadvantages of PV energy.
Objective: To determine if industry specialists concede to revealing accurate feedback in order to better their product for consumers or if they stand by certain rules to only promote PV sales for profit.

Finally, through a simple question directed to industry specialists the researcher was keen to determine if they would offer factual insight to consumer feedback received and their expressed opinion in order to better develop their product and business to consumer relationship or if they, like many organisations continue to focus on profit.
Through previous employment and during their three years studying Business Management the researcher has been exposed to an increasing amount of data surrounding sustainability and the effects of climate change. Having a small amount of prior knowledge in PV energy, the researcher justified this exploration to better educate themselves and others by broadening their knowledge of the issue and determining that becoming more sustainable it indicative to a greener and healthier future.

Primary research focuses on PV energy within the UK whilst secondary research does incorporate some global considerations. Secondary research will deliver detailed information regarding domestic fossil fuel use and introduction of PV energy. This will be followed by primary research findings and cross-analysis with secondary research Recommendations for research follow a concluding statement. The researcher is keen to develop this subject in the future and incorporate other renewable energies suitable for microgeneration including air source heating, biomass, ground source heat pumps and wind turbine energy. They feel this research could provide the basis for a much larger study, however due to word count capping must limit research to one element of renewable energy.




[bookmark: _Toc7817999]Chapter 2: Literature Review


The focus of this work is to provide an insight to consumers as to the possible benefits to adapting existing domestic properties and erecting new properties to incorporate photovoltaic (PV or solar) panels. A renewable energy source harnessed to provide electricity and heat throughout the home, aiding to decrease utility costs. By process of industry expert and consumer interview, the aim is to gain an insight to the advantages and disadvantages of PV systems, further research will be made to determine its cost effectiveness and sustainability for homes the future. Understanding the historically corrosive use of fossil fuels, its limitations, effect on climate change and global warming combined with the development of solar panels and their differing effectiveness, will, optimistically have retrospective effects on individuals wanting to begin the change to an environmentally sustainable home.
	
[bookmark: _Toc7818000]2.1 Fossil Fuels and Climate Change
Sustainability spans more than the planet alone, the triple bottom line or three P’s – Planet, Profit and People (Hammer & Pivo, 2016) are crucial for a brighter future and Planet, is the focus here. Fossil fuels such as coal have been used to heat homes since the dawn of time and Wrigley (2013) determined that the industrial revolution brought about a change in economy that relied upon the land for resources to one reliant on fossil fuels. During the industrial revolution, fossil fuels became a prominent and primary use in commercial factories as well as homes. Over time, oil and gas were introduced for domestic use and is still ongoing in a world which is more environmentally aware.

Fossil fuels or hydrocarbons consist of natural gas, oil and coal. Formed during the Carboniferous Period[footnoteRef:3], some 360 to 300 million years ago (National Geographic, 2018). They are non-renewable. As the name suggests, fossil fuels are formed during the decomposition and fossilisation of remains of prehistoric animals and plants; layers of dense peat, clay, sand and other minerals compact the remains and depending on the different combinations of organic matter, over time create fossil fuels. [3:  Carboniferous Period – mass areas covered in dense and swampy forestation.] 


Oil and natural gas are formed with the decay of marine animals, algae and organisms such as zooplankton which sink to the ocean floor. A build-up of sediment creates an anoxic[footnoteRef:4] condition which prevents further decomposition. This in turn causes the compacted materials to become heated and hydrocarbons are formed. The hydrocarbons form oil and natural gas, though natural gas requires increased heat and takes longer to form. These are both forced to the surface by using exceptionally large and complex drilling equipment as demonstrated in figure 1. [4:  Anoxic is an environment without oxygen] 


[image: ]
[bookmark: _Toc7096026]Figure 1: Process of fossilisation to create oil. (Bio Ninja, 2019) 
Coal contains a large amount of carbon-based material and is formed by the decay of plant life. Increased pressure and temperatures cause the organisms to solidify and embarks on a three-stage process of solidification before becoming high quality coal used in homes around the world (Donev & Afework, 2018), figure 2. The lowest quality lignite coal, sub-bituminous[footnoteRef:5] and second highest quality, bituminous[footnoteRef:6] are primarily used for industrial purposes. The highest-grade coal, anthracite[footnoteRef:7] is primarily used in domestic properties due to it producing less smoke than alternative coals. [5:  Sub-bituminous coal. Carbon content 70-76%, approximately 215 million-year-old]  [6:  Bituminous coal. Carbon content 76-86%, approximately 300 million-year-old]  [7:  Anthracite coal. Carbon content near to 95$, approximately 350 million-year-old] 
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[bookmark: _Toc7096027]Figure 2: Process of fossilisation to create coal. (Bio Ninja, 2019)

The problem does not in itself lie with making use of the fossil fuel resources, though some argue we will use up all supplies and cause a global catastrophe. William Stanley Jevons, British economist, suggested in his work ‘The Coal Question’ (1866), that if vast quantities if coal were mined in the 100 years after his findings, then coal would be depleted. Since this, many opinions have been forwarded with varying outcomes. Research carried out by ‘Our world in data’ (Ritchie & Roser, 2019) suggest, as seen in figure 3, natural gas and oil reserves will be depleted within 53 years and coal within 114. The problem arises in the burning of these fossil fuels and returning the carbon to the atmosphere causing the change in climate around the world. The Intergovernmental Panel on Climate Change (IPCC), forecast an increase in the Earth’s temperature over the next century of between 2.5 and 10 degrees Fahrenheit (NASA, 2018) if we continue as we are.

[image: ]
[bookmark: _Toc7096028]Figure 3: Fossil fuel reserves (Ritchie & Roser, 2019)

A report published by the Department for Business, Energy and Industrial Strategy and National Statistics office (2018) states, the residential sector emissions accounted for 17% of all UK carbon emissions with a reading of 64.1 Mt[footnoteRef:8], increasing to 68.0 Mt with a change in temperature; seen in figure 4. Figures show a total decrease in emissions between 1990 and 2017 of 18%. Hertwich and Peters (2009) identified that 72% of global greenhouse gas (GHG) was a product of household consumption, figure 5, and 19% was contributed by the general maintenance of residencies. [8:  Mt – Metric tonnes] 

[image: ]
[bookmark: _Toc7096029]Figure 4: Domestic CO2 emissions (2018)
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[bookmark: _Toc7096030]Figure 5: Domestic GHG and CO2 emissions 1990-2017 (Hertwich & Peters, 2009)

In 2008 the British government introduced the Climate Change Act (legistlation.gov.uk, 2008); an Act set to end in 2050 wherein, it is hoped the UK will have reduced its carbon emissions by a staggering 80% (using 1990 as a baseline). Current statistics show UK emissions in 2017 were 43% lower than in 1990 and is set to meet targets set up to 2022 however; to reach the overall target in 2050, domestic emissions must be reduced by 3% every year (Committee on Climate Change, 2018). Figure 6 shows the UK’s domestic energy consumption for heating and hot water by fuel type (BRE National Solar Centre and Delta-ee, 2016) and how gas is a major factor in daily living with a staggering 78%.

[image: ]
[bookmark: _Toc7096031]Figure 6: UK domestic energy consumption (2016)

Logistically and more specific to this dissertation is the Well-Being of Future Generations (Wales) Act 2015 (Welsh Government, 2016), introduced by the Welsh Government, legally binding us as a country to do our part to help improve our environment (as well as social, cultural and economic well-being) for future generations.

Though dependency on fossil fuels is continuing to decrease, to enable to UK to reach targets, alternative domestic heat sources such as renewable energy sources including, the sun, wind, water and biomass must be introduced to more domestic dwellings. PV energy and its uses in a domestic environment is the focus of this research.

[bookmark: _Toc7818001]2.2 The power of the sun
The sun has been used to light fires as far back as 700 BC (Maehlum, 2013); it is reported that even Archimedes supposedly used the sun’s rays when he invented the ‘Heat Ray’, though his intentions were far more barbaric (How it works, 2015). In the last century, theorist have become more aware of the uses of the sun and in 1931, Thomas Edison reportedly said in conversation with Henry Ford:

“I’d put my money on the sun and solar energy, what a source of power. I hope we don’t have to wait until oil and coal run out before we tackle that”. 

David Thorpe, writer and sustainability expert explains that although only 48% of the sun’s rays reaches the Earth, it still produces 340 watts per square meter (world average), figure 7 (Thorpe, 2015). This is 8,000 times the amount of global demand. In relative terms, the average 100 Watt light-bulb is incredibly bright, it would mean 3.4 x 100 watt bulbs lighting up every square meter of the planet (Gabriel & Zimmerman, 2019). This presents an opportunity to homeowners to harness and use their own energy without having to rely on utility organisation for supply.

[image: ]
[bookmark: _Toc7096032]Figure 7: Percentage of sun’s rays reaching Earth (Thorpe, 2015)

[bookmark: _Toc7818002]2.3 Photovoltaic (PV) energy available
Indeed, there are many sources of renewable energy available to us as domestic products which provide heat and electricity for our homes. Air source, ground source and water source heat pumps, biomass, wind and solar. These sources replenish themselves over short periods of time allowing them to be a constant commodity for heat and electricity. They are cleaner and greener energy producers and emit fewer GHG’s or pollutants back into the ozone (Soman & Antony, 2019).

PV systems are possibly the most noticeable and can be seen on many roof tops. It is quite plausible that at least one household in every village will have PV panels installed. Researchers at the Solar Trade Association, document statistics released by the Department of Energy and Climate Change (DECC) showing the number of homes using PV energy for electricity and PV-T energy for heat has exceeded 1 million individual properties (Solar Trade Association, 2018) and is likely to rise considerably over the coming years, possibly to a point where every new home is self-sufficient with not reliance on grid energy.

Until recently, PV systems were placed into two categories; Photovoltaic (PV) for electricity and Photovoltaic Thermal (PV-T). More recently, PV-T hybrid solar panels, these combine the two allowing you to produce electricity and heat using one panel instead of multiple panels. Panels are constructed using layers of purified silicone, the purer and refined the silicone, the higher conversion efficiency of said panel. When photons from the sun hits the panel, it generates an electric current which is converted within an inverter which allows domestic appliances to work, such as washing machines, light switches etc, and returned to the national grid, seen in figure 8. 

[bookmark: _Toc7818003]2.4 Photovoltaic (PV) panels
Intrinsically, there are three main categories of PV systems (Green Match, 2019); Monocrystalline panels, created using a composition of monocrystalline silicon (mono-Si), the purest form, the cells making them the most effective and space-efficient yet the costliest form of solar power. Polycrystalline panels (P-si) use less silicon, making the overall effect less efficient than the monocrystalline but also less expensive. To generate the same level as mono-Si, more panels are required. Monocrystalline and Polycrystalline panels are encased in an aluminium casing for ease of maintenance and cleaning. Finally, there are Thin-Film panels; constructed using thin, light (in weight) and PV materials makes them easily mass-produced enabling manufactures to keep costs to a minimum. Unlike the others, thin-film is not encased in an aluminium frame and is placed directly on to the roof top. A major drawback for this type, making them less desirable for domestic use is the need for a large area mass to cover. Figure 8 illustrates how energy is disbursed once absorbed by the PV panels.

[image: ]
[bookmark: _Toc7096033]Figure 8: Domestic energy disbursement (Harvey & Brita, 2009)

[bookmark: _Toc7818004]2.5 Photovoltaic Thermal (PV-T)
Although there are different types of PV-T energy, with an estimated efficiency of 70% (The Renewable Enrgy Hub, 2019), the most commonly used for domestic purposes is the ‘Evacuated tube solar thermal system’; made up of insulated glass tubes containing copper pipes it differs in appearance to the standard PV. The process is like that of standard PV in its collection and conversion of PV energy but the difference here is it helps to heats water in the home for radiators, as seen in figure 9.
[image: solar thermal heating system diagram]
[bookmark: _Toc7096034]Figure 9: PV-T panel disbursement (Heat Different, 2019)

[bookmark: _Toc7818005]2.6 PV-T hybrid solar panels
A combination of both PV and PV-T systems, the hybrid panels convert the sun’s rays to electricity and heat simultaneously. Government reports show the use of hybrid technologies improve effectiveness by 4 to 12% in comparison to standard PV systems (BRE National Solar Centre and Delta-ee, 2016), though this research was carried out on new build homes with zero CO2 emissions and could be considered null and void since the number of traditionally built properties currently far outweighs zero carbon homes. The report does show PV-T is effective and requires less roof space as it is a hybrid.

A sustainable future means continuous innovation and engineers at Michigan State University are developing solar windows (McIntyre, 2017). At the same time ‘Physee’, an EU start-up company has already implemented solar windows with app technology to sustain the internal environment (Physee, 2019), see figure 10. 
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[bookmark: _Toc7096035]Figure 10: Solar windows (Physee, 2019)

In 2007, predictions showed the PV industry would grow from a $20.3 billion industry to $74 billion in 2017 (Harvey & Brita, 2009) however; by 2015 the yield was a staggering $86 billion (Sahu, 2017); exceeding previous targets by 16% and two years earlier than anticipated. A major concern with renewable energies in general is the financial viability. Figure 11 demonstrates the significant cost reduction between 2010 and 2017 however, any new technology is generally introduced to the market at a higher premium and will decrease with time as further technological developments are made and new products introduced. A standard 4kW PV installation in 2010 cost approximately £20,000 in comparison to £6,668 in 2017 (Green Business Watch, 2018) however, the government FIT incentive will have been discontinued giving home-owner’s little encouragement to install them. 

[image: ]
[bookmark: _Toc7096036]Figure 11: Decrease in PV installation costs (Green Business Watch, 2018)

Investing in a PV system is a major decision and property owners invariably invest  large sums of money as well as time and deliberation before taking on the responsibility of PV energy (Jager, 2006); investment returns may not be fully returned for ten years or more and so the property owner will need to deliberate whether they intend to move within this time. Considerations for initial costs may encourage investors to renovate their property instead or may persuade them to relocate before installation. In addition to this, once installed, a contract condition is that they cannot be removed until the full term of feed-in-tariff (FIT) 20 or 25 years ends unless the installation organisation is compensated, this can be a costly action to take. If the house IS sold during this time it can create delays as mortgage brokers can refuse to provide a mortgage if the PV system is leased (Tims, 2018). This is not always the case as ‘lease hold’ PV systems are common occurrence, but as suggested it can create lengthy delays.

[bookmark: _Toc7818006]2.7 The future of Government incentives
Part of the initial incentive to attract home owners to invest in installing PV systems was to give out free PV systems, FIT and Renewable Heat Incentive (RHI). Free PV systems are a thing of the past and didn’t provide any monetary return. Yes, PV systems were installed by organisations, maintained for the life span of the FIT contract but none of the FIT payments went to the home owners, they did however benefit from the free electricity the panels produced. FIT is a payment generated by the PV system, some is used to supply the property with electricity and some (with further monetary incentive) is sold back to the grid, this lasts for the duration of the FIT term. A household can earn between 3.79 p/kWh and 4.04 p/kWh depending on the PV wattage and an export tariff of 5.24 p/kWh. The problem with this incentive is that it ended on March 31st, 2019. Anyone claiming FIT payments will continue to do so for the FIT term of 20 or 25 years as stated however, no future incentive is planned. Discussions are in place though nothing is confirmed yet, and so it is likely households will decide not to install a PV system, pushing the 2050 target further out of reach. Renewable Heat Incentive[footnoteRef:9] (RHI) payments span a seven-year term. This is where the PV-T system come in, heating water for the home as well as air source heat pumps, biomass and ground source heat pumps. A household can earn 20.66 per kWh but the amount can fluctuate  (Energy Saving Trust, 2019). Ofgem recently announced the extension in the RHI budget and as such, applications and installations can be done with RHI payments included until 2020/21 (2018). This could be a more realistic avenue and more financially sound option to pursue until the British government divulges the likelihood of further FIT incentives. [9:  RHI is a government backed non-PV incentive but covers PV-T] 


[bookmark: _Toc7818007]2.8 PV and community sharing
To combat the high cost of PV installations, organisations such as the Westmill Solar Co-operative Ltd created Solar Parks which are owned by their community and co-operatively run. Westmill Solar state that the 20,000 PV panels generate enough electricity to power approximately 1,600 domestic properties and prevent 2,000 tonnes of carbon dioxide entering the atmosphere each year (Westmill Solar Co-operative Limited, 2019). Their P50[footnoteRef:10] forecast for 2018 was exceeded for eight of the twelve months as depicted in figure 12. [10:  P50 is a target an organisation expects to exceed for a portion of the year. I this case P50 represents 50%] 
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[bookmark: _Toc7096037]Figure 12: Westmill P50 forecast 2018 (Westmill Solar Co-operative Limited, 2019)

Though it is not clear the total monetary investment made by each member, the organisation states it does not offer reduced energy bills, but residents are provided electricity and all members receive an annual return on any generated profits. The community helps contribute the fight for climate change and 	a percentage of profits goes back into the community to help with sustainable and environmental community projects (2019).
The provision of community PV energy could help all homes and bring a community together in the fight for climate change. It suggests families with lower income could be included in the scheme. Further, in-depth research would be required but could make the difference for communities throughout the UK.

[bookmark: _Toc7818008]2.9Public perception of PV systems
Not all public perceptions of PV energy are positive ones; cost implicates, only those who are financially secure can afford to invest in such luxuries. With FIT being a thing of the past, sales are likely to decrease and as previously suggested will make it difficult for the UK to hit our climate targets (Power Technology, 2018). Some consumers claim that a standard 4kW PV energy panel does not produce enough energy to do more than two loads of washing (Barkham, 2015), this could be down to faulty panels or the lack of information received by the home owner regarding peak energy prices and PV generation. During a general discussion, it was brought to light that although PV panel prices have decreased, without the FIT extra expense will be added to outlay for the addition of a battery to store surplus energy.




[bookmark: _Toc7818009]Chapter 3: Methodology


The research carried out endeavours to further educate us in the importance of making use of renewable energies such as photovoltaic energy for domestic consumption, and how homes of the future can become more sustainable and less reliant on fossil fuels for energy. By examining the differential between fossil fuels and photovoltaic (PV) energy, their impact upon the ozone layer, and other environmental factors, we better understand how we can adjust our attitudes to change and unfamiliar resources, by making small changes for a better and healthier world for future generations. 

Establishing what the researcher aims to achieve in the dissertation can help determine which methods of conceptual framework is appropriate to use for research (Fisher, 2010). Thought was given to both Quantitative and Qualitative methods, here it was felt the research would be best supported by a Qualitative approach; and furthermore, an interpretivist approach within. This enabled the researcher to review ethical approaches to sustainability within an organisation and, obtain personal insight into the use of photovoltaic energy from those who develop and sell PV energy systems and their consumers. 

[bookmark: _Toc7818010]3.1 Why choose a qualitative method?
Quantitative methodology was defined by Babbie (2010) as 

Quantitative methods emphasize objective measurements and the statistical, mathematical, or numerical analysis of data collected through polls, questionnaires, and surveys…. Quantitative research focuses on gathering numerical data and generalizing it across groups of people or to explain a particular phenomenon... 

Definitive responses by quantitative methods can offer detailed statistical analysis and numerical results, highlighting the detrimental use of fossil fuels and how PV energy is better. Whilst this information would be greatly beneficial in industry, it does not create the same pull of consumer emotion as qualitative methods. And, although Osborne (2008) suggested quantitative was; 

…considered the best practice among many disciplines; 

the method has been criticised by Carr (1994) who said, 

Quantitative experiments do not take place in natural settings. In addition, they do not allow participants to explain their choices or the meaning of the questions may have for those participants; 

pinpointing the undelaying issue that it fails to consider an individual’s ability to interpret their choices.  

Qualitative methodology, defined by Bryman (2012)  as 
…a research strategy that usually emphasises words rather than quantification in the collection and analysis of data.

suggests the power of speech is used rather than a combination of facts and figure to obtain desired results. 

In conjunction with Bryman, Anderson (2010) identifies, 

Qualitative research involves the collection, analysis, and interpretation of data that are not easily reduced to numbers. These data relate to the social world and the concepts and behaviours of people within it.

Possibly implying that providing insight to opinions and behaviours, readers can better interpret and adjust their behaviours to better implement change going forward. This method has a more humanistic approach and allowed the researcher to report on the opinions of industry influencers and consumers alike, without the complexity of numerical data. 

Haralambos and Holborn (2013) criticised the qualitative approach by suggesting it may include researcher bias and is unreliable. They also suggest the format can be time consuming, labour intensive and could cause considerable expense to the researcher. Though the researcher agrees that ‘researcher bias’ is symptomatic of the method, the emotional attachment to an ethical approach is required to enable others to see and feel the difference made by global warming and use of fossil fuels can be minimised by introducing greener PV energy. 

Creswell (2007) identifies narrative research, phenomenology, grounded theory, ethnography and case study are the basis of qualitative research whilst Prasad (2015) suggest that although there are many different paradigms, he identifies four underlying traditions to qualitative research; interpretive tradition, deep traditions, critical traditions and ‘post’ traditions. This qualitative research has been conducted using the interpretivist approach. 

[bookmark: _Toc7818011]3.2 Interpretivist Qualitative approach
Having taken into consideration all other methodologies within the qualitative approach, an interpretivist approach was considered the better choice to achieve optimal results. In contrast to more structured theories which focus on the ‘situation’, interpretivist theory in a qualitative approach, primarily influenced by Husserl and Heidegger (1989) and developed from philosophy, focuses on a single occurrence which may have more than one interpretation rather than a single truth (Hammersley, 2013); where people’s behaviour in their environment, on their experiences and feelings; rather than conducting research on objects such as aeroplanes and telephones. The researcher in turn is relied upon to ‘interpret’ their meanings (Denzin & Lincoln, 2013). It is fundamentally the ‘lived experience’ which is drawn upon during the process of data analysis. It is often connected to grounded theory, though grounded theory may include further analysis including observations and diaries and interviews which are repeated throughout the process of analysis allowing the researcher to use the data gleaned to construct new theories (Charmaz, 2014). Hallebone and Priest (2009) state, that new insights [into PV] can be found through continuous cross-examination of the participants’ experiences and researched literature using an interpretivist approach. With increasing importance to create a sustainable environment, PV in this instance (Greene.com, 2019) (Van Zul, 2017), governments, industries and consumers are looked upon to educate themselves and others and to adapt their way of life. The results of this analysis mean, perspectives from the sides of industry can better educate consumers and vice-versa.

[bookmark: _Toc7818012]3.3 Limitations of approach
Hammersley (2013) suggests interpretivist researchers are descriptive and able to understand the participants in a social context whilst in their natural setting. In addition to this Tuli (2010), states the participants be the writers of their own history, through the interpretation of the researcher. Mack (2010) however, criticises the approach, suggesting the information and experiences gained are subjective rather and objective and as previously suggested, the interpretation can be tainted by the researcher’s bias. Although the researcher may be biased, the interviewee/participant may also change their answers in accordance to the wording of the questions or give longer or shorter answers depending on the level of trust between the individuals Henriques (2014), which is misguided. In such instances with PV, an organisation may “big themselves up” by portraying the organisation as better or more advanced than it is and the same for consumers; they may reflect on how they have every intention of increasing the number of PV panels, or installing additional renewable energies when they have no intention of doing so. 

[bookmark: _Toc7818013]3.4 Piloting
As previously stated, primary research was conducted by way of interview. Prior to this, it is suggested the interview questions are properly prepared and refined so the participant(s) would understand them and answer without difficulty (Saunders, et al., 2016), and the researcher gains experience interviewing. Through interview experience the researcher will be able to build rapport with the participant(s), facilitating better responses, as noted by Jacob and Ferguson (2012). In agreement, Harding (2013) suggested, despite there being no real need to pilot interviews as the technique improves with each interview however; he too suggests that with piloting, the interview questions can be improved and adjusted. Further to this Tashakkori and Teddlie (2003) suggest pilot studies are good practice, regardless of theoretical approach.

In view of this, a small piloting session took place to determine if any adjustments were required prior to interview; it also allowed the researcher to build confidence and feel at ease when questioning participants. The pilot proved invaluable and the researcher could establish favourable settings for interview, adapt interview questions and as previously noted, gain confidence. 

[bookmark: _Toc7818014]3.5 The Research
The consideration of conducting a focus group, whilst appealed to the researcher, would necessitate individuals being in the same place at the same time. Logistically, due to time constraints and the varying locations of interviewees, this was not an option. As this was the case, a process of interviews was compiled, and the researcher travelled to the interviewee or interviewed via Skype to resolve any complications and avoid cancellations. Once the decision to interview was made, the questions who and how many required addressing. Brinkmann and Kvale (2015) noted, that interviews were more powerful in eliciting narrative data than questionnaires which allows deeper understanding of participant views. Fusch and Ness (2015) remark that the number of participants depends on the size and type of study being carried out and the data gleaned provides sufficient information in relation to the subject. This study would be considered relatively small given the time scale and limited word-count allocated. It was decided, six interviews would be conducted with three participants working within sales or the development of PV systems, and three consumers who have PV installed on their homes.

Research interviews are fundamentally made up of three types; structured, semi-structured and unstructured. Making use of a semi-structured interview approach meant the researcher could set key questions but also allowed the participant to elaborate and include other opinions and ideals (Gill, et al., 2008). Over a period of eight weeks, a series of seven semi-structured interviews took place; four with industry specialists and three with PV consumers. 
These interviews considered primary research took some time to arrange due to time constraints and was logistically varied, as such the researcher was required to travel some 200 miles, with an over-night stay to carry out two of the interviews. These took place at the ‘Home Building and Renovation Show at the NEC (2018), Birmingham whilst a third was conducted via Skype and the fourth, although delayed, was arranged back in January following an educational trip with the University. Initial emails and telephone calls were made to several organisations within the PV industry with only one replying with consent to interview, and subsequently requested a copy of the final draft dissertation to evaluate their approach to sales and consumer marketing. 

Post interview, each recording would be transcribed, and the original recording deleted. Each transcript to be read over multiple times and the information analysed and, similar responses would be grouped together to pinpoint any ongoing or emerging themes (see Appendix 3). 

The Interview process considers how organisations within the PV industry and consumers approach the concept of sustainability, the use of PV systems and use of other renewable energies for the future. 

The semi-structured interviews will vary slightly between industry and consumer though two mains questions will be asked of them all:

1. [bookmark: _Hlk6990152]How is photovoltaic energy beneficial to sustainable homes of the future?
2. The government FIT will end in March this year, do you think this will have an impact on the number of households installing PV systems?

Other questions to consumers include:

3. What benefits, if any, have you experienced since having installed a PV system? 
4. What disadvantages, if any, have you experienced since having installed the PV system?
5. Would you recommend PV energy as a first step to combating climate control?

Similarly, industry representatives were asked;

6. Have you received any positive or negative feedback following an installation?

It was the hope of the researcher to gain a clear insight from industry specialists as to the way forward for PV within the domestic quadrant, how it can be developed and to glean any other insight they may wish to share. In respect to PV consumers, the researcher hoped to understand their reasoning behind the installation, if it was cost effective, if they would look to enhance their renewable energy commitments and their expressed opinions of how renewable energies would create a more sustainable way of life. The results of these interviews will be detailed in the findings and analysis chapter of the study.

All secondary research involved extensive research using various forms of social media, including but not limited to Facebook, LinkedIn and Twitter; online research, text books both online and in the University library, online journals and flyers collected whilst out and about.

[bookmark: _Toc7818015]3.6 Ethical consideration
When contacting non-associated parties, it is paramount to be extra vigilant in the approach to ethical considerations. Moon and Bonny (2001) state that organisations are forced to implement more ethical practices given the changes in world economy; this allowed organisations to take part in the interview process, aware that they were ethically bound to provide accurate information on the given subject. In relation to consumers, though not ethically bound to provide the same accurate information, ethical guidelines would be formed as the interview progressed, between both parties (Rosenblatt, 2007).
In the offset, an internal institutional Ethics form was completed by the researcher and their tutor ensuring that they too adhered to all ethical approaches to interview (see Appendix 1). Before each interview, the participant was provided with a brief description outlining the aims of the research along with a consent to interview and the recording of said interview form (see Appendix 2). Participants were made aware that no company or personal details would be divulged at any point within the final dissertation draft to preserve anonymity, though all were happy and willing to be included. 

[bookmark: _Toc7818016]3.7 Qualitative approach – a critique
Whilst the method of approach for this study was ultimately the correct choice, there were a few things, which upon reflection could have been completed differently. The initial interview process was cumbersome and time consuming. Determining whether it best to write to, email or contact organisations to request an interview and in the end, only one organisation out of the multiple contacted replied with interest. Also, one interview left the researcher feeling dismayed and so an additional industry specialist interview was arranged and conducted later to better satisfy the original question. Since this was the case, it was up to the researcher to approach organisations face to face at a national show some 200 miles away from their residence. Interviews with PV consumers were easy enough to acquire and was done so through social media. Halfpenny (1979) suggested the quantitative approach was ‘too soft’ and the researcher felt that some of the industry specialists would have preferred a structured interview process.

Due to two interviews taking place in a large open space such as the NEC, with hundreds of visitors mulling around, finding an appropriate and quite place to interview was out of the question. Thankfully, the Dictaphone used could pick up the participant’s voices. Transcribing the interviews with the added background noise was difficult though all information was audible. To better the quality of recording a small office would have been appropriate but in this instance, it was unavoidable. 

One interview originally arranged for February had to be postponed to early April meaning the researcher had to wait to complete the next stage. Again, unavoidable due to the researcher having met and discussed the issue previously with the participant, and the researcher felt it would be disrespectful to arrange an alternative interview.

Secondary research concerning PV energy was readily available in differing formats online and some, though a little antiquated, were found in the University library. The researcher did have to purchase several up-to-date text books to be sure the information extracted was current

Finally, the decision to conduct the study using an interpretivist qualitative approach was the correct course of action. Overall, despite the few minor incidences, the tasks were carried out and the information required was received.



[bookmark: _Toc7818017]Chapter 4: Findings and Analysis
[bookmark: _Hlk7028366]
The basis of this chapter is to provide the findings following interview and through analytical comparison with secondary data from the literature review draw key themes. An unstructured approach was implemented during the interview process; of which there were seven. Three interviews were conducted with PV industry suppliers, one with a PV specialist and three with consumers. Interviewees in general responded to questions well, with occasional prompts and additional questions if required to draw more information from the interviewee.

During the analysis of the interviews using a “Theme’s” table (see Appendix 3), six primary themes were revealed, each of which will be discussed, and each participant will be referred to using their allocated number, for example P3 or P7.

[bookmark: _Toc7818018]4.1 Consumer understanding of cumulative savings
Consumer interviews brought to light a clear requirement for energy suppliers to change their billing system to provide property owners with more information regarding the savings or reduction on monthly bills as a result of PV energy being in place. Although the researcher was not able to view any energy bills, the participants stated the bills were unclear. Due to the standard electricity supply tariff changing constantly, it was difficult to gage the exact savings between using solar electricity and mains. 

Yes, um saves me about £20 a month on electric and on average I’ve had about £1200 back per year tax free. I’m not sure what that is in solar savings though (P3)

Interviewee P3 kept a record of approximate savings on mains supply electricity and could approximate the total earnings when selling back to the grid. It was thought by the researcher that consumers would understand savings if more detailed billing was produced by electricity supply companies. Whereas, P2, whilst aware of monthly savings, did not know how much and was irritated by the constant change in tariff.

Umm, ooo….well there must…, there is a difference yes because when we’re generating we’re using our own electricity um, and I suppose the difficulty is working out what our electricity consumption was before because obviously with tariffs changing, not talking about solar tariffs but electricity rates changing, it’s quite difficult. (P2)

It’s hard at the minute because the drawback is, the house must be signed off before you can start claiming it back. (P6)

P6 however, has not knowingly seen any changes since the installation was carried out before they moved into the property. Since the property is yet to be signed off, it is doubtful they will receive any government incentive. The severe lack of communication between them and the builder/site manager regarding building requirements and PV registration requirements highlights areas requiring vast improvement. The previous property lived in was larger and old and as such does not provide them with an adequate comparison.

An organisation representative, P1 explained that consumers are given all the correct information but on occasion do not understand that rates will fluctuate. The possibility PV representatives, dealing with the information daily may in turn relate details using jargon to consumers, was suggested. When questioned, the researcher was advised it would be a matter for the training department, but the representative would endeavour to pass the information to the relevant person;

Consumers are advised of the FIT rates, what they can save and what they will get in return from the government. The problem is they either forget or assume it will always stay the same. This is not the case. Maybe it’s because we deal with it every day, I don’t know. (P1)

Further discussion on the matter with interviewee P4 added further confusion for consumers by suggesting home owners with smart meters are being offered variable rates which are likely to change during the day. This in turn could result in consumers using more electricity at the incorrect time of day thus, increasing their bills for a time;

Now what’s actually happening is; if you’ve got a smart meter installed, there are three or four companies, electricity supplies that are in operation at the moment. They’re offering what are called ‘time of use tariffs’. And this is where you’ll get charged a different time at different points in day for your electricity usage that you actually use. (P4)

Consumer consensus indicates comprehensive information is required at point of sale to better understand the fluctuations in savings. During interviews with organisations the researcher understood they were not suggesting consumers were obtuse, merely that they (organisation representative) deal with this information daily and as such may speak with haste and use jargon unintentionally. As we see in chapter 2, details of kWh and the fluctuating returns can be somewhat daunting and clear definitions should be given.

[bookmark: _Toc7818019]4.2 Becoming an ‘eco-warrior’ and saving the world!
A constant theme throughout the interviews was the desire or need to become a saviour of the world. Participants were aware of the Climate Change Act as discussed in chapter 2 in varying degrees. Industry experts live this daily and as such are knowledgeable on the matter though some consumers were unaware or had no interest of the target to reduce CO2 emissions by 80% by the year 2050. Consumer participants generally laughed off their statements suggesting they had become eco-warriors by questioning if their actions would indeed make any difference to the environment in the long-run. In some instances, PV installation was thought by the researcher to be portrayed as a social status for those who were more affluent.

P2 suggested PV or any renewable energy installations were currently a fashion statement and suggested they felt rather smug in the knowledge that they had been in a financial position seven years ago to be able to install PV.

…the other benefits is that sort of well, being slightly smug feeling you get, that you’re saving the world. Which I don’t think should be discounted really. It’s something we all need to think about. (P2)

P2 highlighted the cost for installation and although less than it was seven years ago, still required a large outlay and in many cases puts PV out of reach of home owners. Lengthy consideration would be required before installing PV and may in turn decide that the money would be better spent on a new roof of better insulation.

You know, if you’ve only got a limited discretionary spending and you’re not, I’m not saying not committed to the environment but you’re thinking there’s other things we could do. Why spend that money for no return when we could save it for something else like a new roof or insulation. (P2)

P6 advised, that it was difficult to find a balance between the traditional thinking of their partner (who preferred oil heating and a solid fuel burning fire) to their own, more environmentally friendly outlook. It highlights the necessity for imminent change but suggests some would require a slower pace by introducing one change at a time which in time will be effective. Their new build property installed with air source heating and a PV system, provides P6 with the comfort that they are doing something positive for the environment and showing a good example to their children. P6 wants her children to see renewable energy and other environmental contributions as ‘the norm’. Suggesting, perhaps that implementation should begin at home and in education sector. 

I'm hoping I'm more like one of these Eco Warriors that's going to possibly change the world and influence my children as well and hopefully it'll be a norm for them. P6

During interview, P2 pointed out something which resonated with the researcher;

You can’t save the world with every decision you make, and we have to accept that but we can do our bit. Solar is an easy fix and they work, so why not (P2)

Thinking ‘what difference can I make? I‘m only one person’ creates a negative impact and by making a single gesture of change be it as small as recycling or as big as a wind turbine can make a difference. As P2 suggested, PV is an easy fix, once it’s installed and is relatively maintenance free. 

The current focus on climate change has forced our attention and that of our children to think about our environment and how it can be bettered for future generations. During the interviews it became clear that some interviewees had limited understanding of the effects of global warming and climate change until recent years when it was aggressively introduces through different medias. Whether it is plastics, general waste or fossil fuels, all participants agreed climate change was a predominant feature in modern society. The desire to change and educate younger generations was clear though in some cases PV installation was more to do with social positioning and reducing long-term bills. 

[bookmark: _Toc7818020]4.3 Property compatibility 
It has come to light that although domestic PV is highly popular, not all properties are in fact suitable for PV installations, a matter is seems many consumers are not made aware of. Most industry experts interviewed discussed the suitability of a property and advised on the different ways to enhance their energy efficiency. The researcher became aware during consumer interviews that none were asked about the current energy efficiency nor were they advised to carry out intermediary work to improve energy efficiency before installing PV.

P7, a PV property constructor expressed that the inefficiency of older properties makes them unsuitable overall for PV however, suggested that if property owners did want to install PV, they first look at investing in increased insulation and draft exclusion. P7 also suggested, all new build properties should have PV installed to reach new energy efficiency regulations.

If you've got an old stone house it's totally insulation, you’d be wasting your time having solar panels. Quite honestly, I would put more investment into insulation, cutting out drafts rather than having solar panels. I think all new houses should have solar panels, because they have to be above the level the ‘D’ or whatever in terms of energy efficiency. (P7)

P5, took a similar view, though possibly from a health perspective than construction. P5 similarly suggested insulating a property is key to its efficiency before determining what method of renewable energy to use.

Once you know how you want to live in it and you've worked out how to make it as insulated and as airtight as possible, then work out what the most appropriate heating system is and control that environment as well. Keep it fresh keep it healthy keep it efficient. (P5)

P5 further expressed the importance of insulation during interview and suggested instead of regulations imposing requirements for renewable energy sources to be implemented in new build, that regulations to improve CO2 emission and reduce wastefulness (such as energy leakage) be introduced.

… if I still have to put solar panels on my roof maybe I won’t to do the insulation as much. So, maybe an improvement in CO2 emissions against building regs is what it should be. So, that we can then improve the insulation and use less energy, rather than putting solar panels on to compensate for our wastefulness. (P5)

P2, a PV consumer living in a 19th century property advised they have single glazed windows and thought their insulation levels were adequate. They could not recall being advised by the installation company of any desirable improvements prior to the PV being put in. They have seen a benefit to PV though it brought to light the question of whether they would see more benefit if they invested in double glazed windows and increased the property insulation. It also raises the question regarding the monetary benefits obtained by PV providers and their ethical practices. They get paid ‘X’ amount regardless of the state of property in which the PV is installed and so, are not concerned about the large and ultimately wasteful investments made by property owners

The house is, um the main part of the house is about 1890 and has single glazing, we don’t think that affects it at all, and we had them installed about 7 years ago. (P2)

In addition to statements made, P3 stated they had considered moving property and although they had seen many potential properties, few had PV installed. They noted the energy efficiency certificates weren’t as good as expected with PV panels, and thought this was a result of poor insulation. P3 concluded by pointing out that since they had seen the benefits of good insulation and PV, they would only be prepared to relocate to a new build property where there was the assurance PV would be in place and insulation was excellent.

For me, if I move I want solar panels, I’ve had experience of them and saw benefits so it’s a big plus for me and I suppose it would have to be a newer house ‘cos old ones like mine now, you know its ok but newer houses are better insulated. (P3)

Proper insulation does not eradicate the need for fossil fuels to provide energy for the home but enables the home owner to use less. Within time this will have a positive effect on the GHG and CO2 emissions. PV installations can be fitted at a later date giving the consumer comfort in knowing their home is as energy efficient as they can make it.

[bookmark: _Toc7818021]4.4 Significance in termination of FIT incentives
Consumers were all too aware of the high cost of PV and how future installations will be affected since the termination of the Government FIT incentive and although those who already have PV installed will not have their incentive stopped, any application for installation submitted following March 31st, 2019 will not receive and government incentive. When asked, all participants said they felt this would influence PV adoption though opinions regarding the advantages or disadvantages were diverse.

Consumer P3 felt it would be no longer be cost effective. The current FIT rate is low they advised, and the monthly savings although there, are trivial and had they needed to install following the FIT termination, they would not recover their outlay.

It’s just not going to be cost effective. As I said, it’s only reduced my bill by about £20 a month and if I didn’t have the feed in tariff, I wouldn’t make the money back. (P3)

P4 observed that is would be a waste for consumers to install PV once the FIT ended unless they also installed battery storage. This proposes consumers will have the ability to store their energy absorption and use later, instead of wasting it since little is used within a property daily. 

It's not worth doing solar panels without doing battery storage for it. So, without doing the energy storage solution they’re wasting the energy because you're only using 20 percent of the energy within the property. (P4)

P5 stated the end of FIT was in fact a good thing, suggesting consumers had been misguided into thinking their properties were more efficient than they were, leading to assumptions that online sustainability calculators used by consumers were helping, but in fact offered limited information and was based on data inputted by consumers and not professionals. P5 stressed the importance of good insulation and how this was constantly neglected.

It will affect them but it's a brilliant thing, because it's skewed everybody's decisions, what's happened in the past is people have worked out how to achieve efficiency on calculators like SAP, and then they say well I'm putting solar panels on so I don't have to make my walls as good. (P5)

Due to contractor delays, P6 has lived in a property with PV for three years however; has still not benefitted from energy bill savings or FIT incentives. As the property is yet to be officially signed off, this could mean that although they were initially entitled to FIT, they may no longer be eligible when it comes to registration, losing out on what could run to approximately £4000 (going by savings figures received by P3). When initially asked P6 was not aware the FIT was ending

The house hasn’t been signed off yet, so we haven’t seen any benefits in money from the grid or FIT. (P6)

P2 also felt it would make a difference suggesting that people considering PV will be dissuaded by the knowledge that others they may be acquainted with would be gaining an additional incentive that they will not. P2 suggested that although PV prices had reduced FIT remains at a good premium for them and will make an inevitable difference to the future of PV installations on domestic properties. 

I think it will inevitably make a difference yeah…. So, whilst we were what you would call early adopters, we did pay a price for the system whereas now; you can get them for a quarter of the price and still get a relatively good feed in tariff. When it stops, people won’t get anything back and it’s really going to affect their decision, especially I they know someone with solar panels already. (P2)
 
[bookmark: _Toc7818022]4.5 Battery Storage
From the consumer viewpoint, the researcher discovered little was known about battery storage. Consumers receiving FIT were overall unconcerned as there would be no urgency to invest in batteries but, the consumer not currently receiving FIT thought it would be an incentive to all new PV investors but worried the cost would spiral for those considering PV. As would be expected with the amassed knowledge the industry representatives promoted battery storage and suggested cost would invariably lower over time as it did with PV.

P2 did not feel the need to invest in battery storage as they still had many years left of receiving FIT however; as they had plans to renovate a barn, they would look to install batteries there as that development would most likely not be eligible for FIT. P2 advised cost would be a major factor in any plans for additional PV. Further research would be required to determine if future additional PV installations to properties can be added to existing FIT contracts.

We want to develop the barn and make it energy neutral... Maybe get a few batteries to store the energy there too if the new panels can’t be added to our current FIT contact. Of course, it all comes down to cost. (P2)

 P6 is open to the idea of battery installation, especially since they receive no FIT and the overall savings could benefit them greatly. P6 showed concern for additional cost on top of something that is already expensive but hoped it would balance out in the long-term

I bet they’re expensive but having a battery would be great especially in the winter and if it means less to pay on bills then I’m up for it and I’m sure it will pay for itself then. (P6)

P7 suggested batteries are more sustainable and lower cost already in comparison to last year and hopes to see this continue. P7 stated that in previous years battery efficiency was low as it cost more to draw the energy required from the battery but due to change in energy price capping and reduction in prices, it is becoming more viable (one 4/5 kW battery is enough to provide a two-bedroom property). 

Batteries have now come back into being viable… to draw energy cost about 20 pence per kilowatt hour. At the time energy from the grid was only about 12 /14 pence and so didn’t seem to be viable. Now the energy prices from the grid because of the price capping issue have now gone up to 19 pence a kilowatt from some of the energy providers. (P7)

P1 points out that batteries will provide energy when the PV doesn’t produce, such as dark winter days and suggested consumers would be better protected against energy suppliers price increases.

They store the energy and then use it when the systems aren’t producing… then that’s obviously one way to protect the consumer from rising energy prices and keep homes more energy efficient. (P1)

P4, a designer and manufacturer of one type of battery tells the researcher they are smaller than initial batteries and take up little room and can be installed out of sight. Developments in technology also allow consumers to track the progress of the batteries using an app. This will allow consumers to better understand what they use power for most and how to better moderate their usage.

They’ve been designed to be installed in a loft basically. Consumers can log in to an app to keep an eye on their energy use… On a normal domestic property, you’d only need two of those.  (P4)

[bookmark: _Toc7818023]4.6 Community sharing
One subject was brought to light in the industry interviews which the research found intriguing was community sharing. Either properties sharing their PV energy with neighbours or communities of properties built with PV sharing integrated. Consumer interviews suggested most would be open to the idea.

I don’t mind sharing if we have more than we need, or someone’s house isn’t suitable, but we don’t have any close neighbours. That’s a very good idea and I suppose it would be good for the community if it can be done.  (P2)

P2 suggested sharing would be good if there was an excess of unused energy and said it would be good for the community in general. The researcher feels in addition to this it could promote communities to come together to help one and other and implement other ways to improve their communities green living. P3 on the other hand felt the need for compensation since they would have spent the initial outlay. The researcher feels more information for consumers is required to be able to explore this avenue further and possibly bring people around to the idea.

I don’t think I want to share the energy I built up with my neighbours. After all, if I paid all that money out on the panels and they come along and just get to use it I don’t think it’s fair. Not unless I am compensated. (P3)

P7 previously built a community of properties which had individual installations. Following this, P7 advised all properties built in the future would benefit from a sharing scheme. This suggests the outlay will too be shared, making it accessible to lower income homes. It could also be developed for large and small-scale developments is both public and private sector

The old builds were a beneficiary of the old scheme, but all the new ones we're looking at we'll have to look at community networks, it’s the way forward. (P7)

Reiterating the requirement for well insulated and ventilated properties, P5 was overall less enthusiastic about community sharing and PV in general. The researcher felt that P5 was not insinuating PV energy was a bad thing but wanted consumers to properly educate themselves before entering into a costly agreement which would not necessarily benefit them in the long-term. 

I don’t think sharing energy or solar energy is the way forward right now. I think people need to sit back and think about the bigger picture in so far as, a house should primarily be strong, sound, well ventilated and well insulated. (P5)




[bookmark: _Toc7818024]Chapter 5: Discussion

The basis of this chapter is to discuss the analysis of findings following primary research by deliberation of themes in contrast to secondary research data from the literature review.

[bookmark: _Toc7818025]5.1 Consumer understanding of calculated savings
Contrary to the belief of the researcher, it is suggested that many consumers do not understand the contract being entered in relation to calculated energy savings. The notion of being sustainable and ‘greener’ appears on occasion to overshadow the savings. Consumers are often confused by how government incentives and electricity bill savings work, it is not only here but a global matter (Fiorino, 2017). Interviewee P3 kept a record of estimated savings on mains supply electricity and could approximate the total earnings when selling back to the grid, which roughly coincides with the amount the Energy Savings Trust estimates (2019)
As the literature suggests, it stands to reason if 48% of the sun’s rays reach the earth is some 8,000 times the required global amount, consumers should be receiving far better savings overall. Generating one’s own electricity could allow more households to go “of-grid” in the future and not have to rely on certain grid affiliated utilities thereby reducing overall costs.
Plus, with PV installation costs decreasing (as referred to in data researched by Green Business Watch), consumers who were able to benefit from FIT before it ended would see a return in investment in the form of government incentive.

[bookmark: _Toc7818026]5.2 Becoming an ‘eco-warrior’ and saving the world!	
Thinking sustainability and being an eco-warrior are similar in terms of sustainability encompassing an eco-friendlier future, and although the three P’s of sustainability cover a broader scale, Planet is undoubtedly a large portion. We can see from the literature gathered that fossil fuels are in short supply and we can no longer rely on them for the long term, neither can we continue to use them and ensure a more sustainable future. With residential homes making up 64% of CO2 emissions as seen back in figure 4, it is no wonder residents want to change paths for a brighter future. P6 stated that they intended to be an example to future generations in the hope that they would see renewable products and sustainable living as the norm. The researcher agreed with P6 and as a parent themselves was comfortable in the knowledge that schools are already taking the step to educate the leaders of tomorrow about creating a change for a better future. Schools in the UK can currently work towards a green flag award by implementing change and giving pupils a voice to help create change (Eco-Schools, 2019).
Although there was a feeling of superiority with some, they also felt they were in some small part, doing their ‘bit’ for the environment by reducing GHG emissions and supporting the UK government to reach the target suggested by literature of 80% (legistlation.gov.uk, 2008).

[bookmark: _Toc7818027]5.3 Property compatibility
It was noted by the researcher that literature regarding PV energy was extensive and consumers lulled into the misconception that their properties were suitable for PV installation when in some cases they were not. Older properties it was discovered through primary research would require further investigation into compatibility. Efficient insulation and air tightness were major issues highlighted by industry specialists though little information was freely available in search for literature to suggest older properties were less compatible. Though this issue was not considered with initial review of literature, the researcher felt it was too important an issue to ignore. Literature does however suggest that figures depicted by the Department of Energy and Climate Change, suggesting properties with PV systems installed exceeds the 1 million mark, could focus on new build properties alone. No detailed explanation was provided within their findings.
The matter also addresses the need for further information to be relayed to home owners and possible home surveys done prior to contract completion. This will create further costs for organisations and will invariably affect profits however; as Sahu (Allied Market Survey) reported, the industry yield in 2015 was a staggering $86 billion, surely giving up a meagre percentage will result in happier consumers and possibly future return custom or increased referrals to friends and family.

[bookmark: _Toc7818028]5.4 Significance in termination of FIT incentives	
The significance of FIT coming to an end has not gone unnoticed by interview participants and in conjunction with researched literature, agree it will have a damaging effect on PV system sales in the short-term.
Research suggests current FIT constituents earn up to 5.24p per kWh exported to the grid over the term of a 20 or 25-year contract. It was noted by the researcher in the initial stages of secondary research that anyone wishing to install PV after the cut-off date (31st March 2019) would be exempt from claiming this incentive.
The outlay for PV installation would still be considerable and even though price has decreased it was noted in the literary review a system would still cost in the region of £6,000. Little return in outlay would be seen in monthly bills however thus pushing PV further out of reach for lower income households.
With disruption caused, research shows households will continue to consume fossil fuels and the depletion of natural gas and oil will be depleted in approximately 53 years and coal in an estimated 114 years. It will also continue to contribute and increase to the carbon emissions released by residential properties, currently sitting at 17% of the overall UK emissions.
It is the view of the researcher that monetary incentives are key to increasing household PV and other renewal energies. Whilst the government sits and deliberates a new scheme, many homes are missing out. It is hoped a new incentive will be published imminently.

[bookmark: _Toc7818029]5.5 Battery Storage	
Since all future PV applications are exempt from FIT it seems fitting to take a step to invest in battery storage to save any energy absorbed to avoid energy leakage. With absorbed energy being stored and reused later, homes will emit fewer GHG which in turn could achieve the additional 3% reduction in domestic emissions per year, as suggested in literature provided.
Batteries can be compatible with the varying types of PV, PV-T and PV-T Hybrid giving the consumer a wider range to choose. As with any new technology, they come at a cost (one which again is reducing over time). In collaboration with the literature provided regarding Physee’s solar window technology, certain battery models can be linked to smart phones, and as discussed with P4 consumers and organisations would be able to keep track of the energy usage during the day and adapt to using high energy good such as washing machines during lower tariff times. Plus, with an estimated 70% lifetime as suggested by The Renewable Energy Hub in chapter two it seems plausible high quantities of energy absorbed could be stored for long periods of time and used in winter months or in cases of emergency.

[bookmark: _Toc7818030]5.6 Community sharing
To reduce large individual outlay many communities around the UK are adopting a community sharing scheme. Literature supports schemes such as Westmill Solar can produce enough energy with their solar farm of 20,000 PV panels to power 1,600 homes (2019) . If they can exceed their forecast generation for eight months of the year (mostly in lighter weather but still producing year round) it suggests that communities who come together an create such a scheme could be looking at little to no electricity statement each month plus, any profit received in excess energy sold to third parties (should there be a need) could be shared to benefit the community through such projects as a community garden or other projects. The scope of information regarding community sharing schemes exceeds the allotted segment given and is one the researcher is keen to investigate further to deduce if community sharing is cost effective to introduce to social housing and as a way of bringing it in line with low-income households. Review of literature also suggests a community will be brought together in the fight to tackle climate change.  


[bookmark: _Toc7818031]Chapter 6: Conclusion


The original purpose of this dissertation was to gain an insight into the use microgeneration in homes of the future however, due to the word and time constraints during an undergraduate dissertation the researcher was required to change direction. As a result, the dissertation took a different course and focused on a single avenue of microgeneration, PV energy. 

The overall objective set out for was to determine the effects of fossil fuels used in a domestic capacity on the environment and more importantly, how domestic PV energy will help UK fight to tackle climate change in homes of the future. The researcher felt this research barely scratched the surface of the benefits of PV energy both domestically and environmentally but provided the researcher with enough information to determine the positive implications of PV energy.

The decision to follow in interpretivist method captured the intimate responses of individuals and their perception of PV energy today and in the future. A critique of the method transpired in some interviews as the participant would veer on to another subject causing the interview to run over time. In addition, time and word constraints meant the themes identified could have been expanded and if given more time to examine them, could have produced further extensive research. 

During the interview process several issues were discussed, and new avenues were highlighted regarding the future of PV energy. With the continued development in battery storage, properties that are no longer eligible for FIT are likely to gain an advantage by storing energy absorbed and using it themselves rather than selling it back to the grid. Also, with the development of new technologies, harnessing PV energy through window panes could see unsightly roof-top panels become a thing of the past. During the interviews key themes were identified and discussed in the previous chapter. These themes were;

· Consumer perception of cumulative savings
· Becoming an ‘Eco warrior’ and saving the world!
· Structure compatibility
· Significance in termination of FIT incentives
· Battery storage and,
· Community sharing

Some of these themes correlate to the questions presented in the introduction; consumer perspectives agree that PV energy is a positive step forward to help combat climate change whilst industry specialists on the whole suggest whilst PV energy is good, a property should be properly insulated before investing in PV panels as poor insulation leads to energy leakage, rendering PV panels a costly and less effective product. Some provide additional avenues one can take to further educate themselves and improve the sustainability of a property such as battery storage. Though initially costly, the stored energy can be used to provide electricity when sunlight is limited and less PV energy can be absorbed, in turn eradicating the need to sell unused energy to the grid. Both primary and secondary research highlighted the financial constraints faced by individuals for a single installation, however, did suggest that with research a community sharing scheme could be implemented, where members benefit from PV energy whilst sharing the outlay and maintenance fee and bringing PV in reach of lower income households. 

A key concern taken from this research is the extent of misleading or misinterpreted information consumers receive during the initial stages of investing in PV energy which occasionally results in an installation to a property which would be deemed unsuitable, thus creating a less productive product. The onus is on both consumer and organisation to ensure correct information is provided and/or researched to certify the suitability of the property and the organisation should show transparency and advise the consumer if there are steps to be taken which will further improve the property before installation.

Secondary research suggests PV energy is increasingly popular and will help reduce the CO2 emissions and GHG produced by domestic properties significantly. With the government FIT incentive being discontinued it seems fair to say the industry will see PV installations dwindle over the coming months and possibly over the next year or two. However, research shown in chapter 2 illustrates that harnessing the power of the sun via PV panels is a clear way forward and can easily provide enough electricity for every domestic property globally. 

During this dissertation the researcher has been exposed to an overwhelming amount of information in relation to PV energy and other renewable energies available for domestic use. It is hoped that future and more expansive research into other forms of renewable energy can provide consumers and organisations with more comprehensive analysis of the desirability of renewable energies and how homes of the future can be more environmentally sustainable. 




[bookmark: _Toc7818032]Chapter 7: Recommendations for Research

Following consideration of the information gathered within this dissertation, the following recommendations are put forth to improve business to consumer relationships:

1. Further research into storage batteries and prices:
As discusses, incentives have ceased, and consumers may shy away from investing in PV. It is possible batteries are the way forward but are expensive. Reducing the cost of batteries now rather than later may entice future investors.

2. Educate consumers: 
From the information collected during consumer interviews; it is evident that little information was given to consumers regarding the property suitability, when and how PV is generated and maintenance. Organisations should anticipate consumer questions and can inform them before the question is asked, even if it though a ‘know how’ leaflet.

3. Conduct thorough exam of properties to ensure correct insulation:
Granted, organisations want to make a profit but, selling PV systems to consumers whose homes are not or not yet or will never be suitable brings to light ethical and moral matters. Organisations may be inclined to offer appropriate insulation installation as part of an incentive to sell PV to older properties.
4. Continue consumer incentive:
Government schemes such as FIT and RHI seem to be more of an incentive to attract consumer investment. Continuation of said schemes would, help the UK reach its 2020 renewable energies target.

5. Further research into community co-operatives:
If it is possible to reduce initial outlay of consumers, it will appeal to more households. Also, the benefits are returned to the properties and communities rather than industry giants. A subject the researcher is keen to study as part of a future master’s degree.
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	There is always a small consideration of risk however; will be mitigated in the following ways:
Researcher - by interviewing in a public place
Participant – No questions will be asked to make the participant feel ill at ease.
University – I will endeavour to be professional and not bring the name of the university to disrepute.






	5.
	Os ydych yn delio â phlant a / neu oedolion agored i niwed, rhaid i chi gyflwyno eich tystysgrif DBS i'ch tiwtor goruchwylio i'w cymeradwyo cyn i unrhyw gysylltiad â cyfranogwyr hyn.
	If you are dealing with children and/ or vulnerable adults you must present your DBS certificate to your supervising tutor for approval before any contact with these participants.


	
	Ydw / Yes
	Na / No

	A

	Ydych chi wedi gwneud cais am dystysgrif DBS?
	Have you applied for a DBS certificate?            
	
	
*

	B

	A yw eich tiwtor weld a'i gadarnhau eich tystysgrif DBS?
	Has your tutor seen and approved your DBS certificate? 
	
	
*









	6.
	A fyddwch yn cael cydsyniad gwybodus ysgrifenedig gan eich cyfranogwyr?
	Will you obtain written informed consent from your participants?

	

	Ydw / Yes
	Na / No

	A

	Os na fyddwch, pam hynny?
	If no, why not?
	
*
	

	B

	Os byddwch, sut byddwch yn sicrhau cydsyniad gwybodus?
	If yes, how will you secure informed consent?

	
Signature
	

	Rhowch eglurhad / Please explain: Consent to interview form to be signed by interviewee



	Cynhwyswch gopi o’r ffurflen gydsynio os ydych yn defnyddio un.
	Please include a copy of the consent form if you are using one.

	
	
	
	
	
	




	ADRAN 4
	SECTION 4  

	CEFNOGWYD /APPROVED
	
	NIS CEFNOGWYD/ 
NOT SUPPORTED
	

	Datganiad
Mae'r wybodaeth a gynhwysir yma yn gywir, hyd eithaf fy ngwybodaeth a’m cred.   Rwyf wedi ceisio dynodi unrhyw risgiau a phroblemau sy’n gysylltiedig â’r prosiect / ymchwil neu gynhyrchiad ac rwyf yn cydnabod f’ymrwymiadau innau a hawliau’r cyfranogwyr. 
	Declaration 
The information contained herein is, to the best of my knowledge and belief, accurate.  I have attempted to identify any risks and issues related to the project/research or production and acknowledge my obligations and the rights of the participants.

	
	

	Llofnodau  
Dylai'r ffurflen hon gael ei chwblhau a'i llofnodi gan y myfyriwr a'r Cydlynydd y prosiect /Twitor 

	Signatures
This form should be completed and signed by the student and the Module tutor/Programme Co-ordinator.

	

	Myfyriwr / Student

Emma-Siân Davies
	                                                                                 
	Dyddiad: / Date:

18th October 2018

	
	
	

	Cydlynydd y prosiect /Twitor 
Project co-ordinator / Tutor

	
	                                                                                                                 Dyddiad: / Date:

	
	
	



[bookmark: _Toc7818036]Appendix 2: Participant Consent to Interview 

[bookmark: _Hlk7031334]
[image: ]
	
	Cyfranogwr Rhif Adnabod: 
Participant Identification Number:
	


	
CWESTIYNAU CYFWELIAD SAMPL 

	
SAMPLE INTERVIEW QUESTIONS 


	Photovoltaic Energy and homes of the future



	

1


	 
How is photovoltaic energy beneficial to sustainable homes of the future?

	
2


	
The government FIT will end in March this year; do you think this will have an impact on the number of households installing PV systems?


	
3


	
What benefits, if any, have you experienced since having installed a PV system?

	
4


	
What disadvantages, if any, have you experienced since having installed the PV system?


	
5


	
Would you recommend PV energy as a first step to combating climate control?


	
6


	
Have you received any positive or negative feedback following an installation?


	7


	

	8


	

	9


	

	10


	




	ENW A CHYFEIRIAD YR YMCHWILYDD
	NAME OF RESEARCHER: Emma-Siân Davies. 
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	Cyfranogwr Rhif Adnabod: 
Participant Identification Number:
	


	
FFURFLEN GANIATÂD CYFRANOGIAD
	
PARTICIPATION CONSENT FORM

	Photovoltaic Energy and homes of the future



Name of Researcher:	Emma-Sian Davies									         
	Please initial box

1.	I confirm that I have read and understand the information sheet dated 24th January 2019 for the above study. I have had the opportunity to consider the information, ask questions and have had these answered satisfactorily.


2.	I understand that my participation is voluntary and that I am free to withdraw at any time, without giving any reason.


3.  I understand that any information given by me may be used in future reports, articles or presentations by the research team.


4.  I understand that my name will not appear in any reports, articles or presentations.


5.	I agree to take part in the above study.


________________________	________________	_____________________________
Name of Participant	Date	Signature


Emma-Siân Davies			18th February 2019
_________________________	________________	_____________________________
Researcher	Date		Signature

You may decline to participate in this study. You may end your participation in this study at any time. If you decide to remain anonymous, maintaining your anonymity will be a priority and every practical precaution will be taken to disguise your identity. If you prefer anonymity, there will not be any identifying information on audiotapes or transcripts of this or any interview. No-one will hear any audiotapes or see any transcripts without your prior consent. All materials generated from this or any interview will remain confidential.

When completed, please return in the envelope provided (if applicable).  One copy will be given to the participant and the original to be kept in the file of the research team at: University of Wales Trinity St David, Faculty of Business



	ENW A CHYFEIRIAD YR YMCHWILYDD
	NAME OF RESEARCHER
Emma-Siân Davies
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	Cyfranogwr Rhif Adnabod: 
Participant Identification Number:
	


	
FFURFLEN GANIATÂD CYFRANOGIAD
	
SAMPLE PARTICIPANT INFORMATION SHEET


	Photovoltaic Energy and homes of the future



24th January 2019

Dear Participant: 

My name is Emma-Siân Davies and I am studying in the School of Business at University of Wales Trinity St David, Carmarthen.

I would like to invite you to participate in my research project. This project will study the benefits of solar energy for domestic use and aims to provide an insight of how, by harnessing this energy we can power our homes, creating a sustainable future. 

*Attached to this letter is a question which allows the interviewee to give their opinion and extensive knowledge of the subject to be later transcribed and used as supporting evidence of the benefits of solar energy. I believe your opinions will be extremely helpful to me. 

Through your participation in the interviews, I hope to ascertain how, by harnessing our natural resources and with the use of solar energy, we can create environmentally sustainable homes and reduce energy costs for families in private and housing association homes.

All questionnaires will be kept strictly confidential to the researchers involved and at NO time will individual questionnaires be released to the public. This gives you a chance to express your views on your programme a confidential and anonymous forum and still be able to make a difference. Your participation in this study is completely voluntary so you can withdraw from the questionnaire at any stage. 

Our interview should take about 15 to 20 minutes to complete, but there is no time constraint. There are also no right or wrong answers. As this is a new project, your feedback is also important to us and we would be much obliged if you could also complete the feedback sheet, which will be sent upon completion upon completion. We understand that your time is at a premium, but your opinions are very valuable to us. 

After careful and precise analysis of the data obtained from this questionnaire, I will be happy to provide you with a copy of the findings at your request. The results of this questionnaire will hopefully enhance my understanding of renewable energies for domestic use.

We thank you in advance for your time and participation. If any questions do arise, feel free to contact me at your convenience. 


	ENW A CHYFEIRIAD YR YMCHWILYDD
	NAME OF RESEARCHER
Emma-Siân Davies












[bookmark: _Toc7818037]Appendix 3: Theme table and analysis

	Emerging themes / Concepts identified
	Interviewee quotation
	Researcher interpretation

	Consumer perception of cumulative savings





































































Becoming an ‘eco-warrior’ and saving the world!








































Structure compatibility

 



































































Significance in termination of FIT incentives
 

 












































































Battery storage










































































































Community sharing




	Yes, um saves me about £20 a month on electric and on average I’ve had about £1200 back per year tax free. I’m not sure what that is in solar savings though. (P3)

Umm, ooo….well there must…, there is a difference yes because when we’re generating we’re using our own electricity um, and I suppose the difficulty is working out what our electricity consumption was before because obviously with tariffs changing, not talking about solar tariffs but electricity rates changing, it’s quite difficult. (P2)

It’s hard at the minute because the drawback is, the house must be signed off before you can start claiming it back. (P6)

Consumers are advised of the FIT rates, what they can save and what they will get in return from the government. The problem is they either forget or assume it will always stay the same. This is not the case. (P1)

Now what's actually happening is; if you've got a smart meter installed, there are three or four companies, electricity supplies that are in operation at the moment. They're offering what are called ‘time of use tariffs’. And this is where you'll get charged a different time at different points in day for your electricity usage that you actually use. (P4)

It’s actually understanding how you use energy that comes out of the solar panels. You can't. You can't just leave it; you have to manage it. So, you can't behave like you're in the middle of the summer in the middle of the winter. You have to put on a couple of sweaters, and maybe you know, the radiators. Be accepting that the temperatures might go up and down a little bit. You know. Once they've gone through that learning curve the its ok. (P7)

…companies tend to make a profit off it as well, because they were taking the feed in tariff off the back of saying these guys can have free electricity. Now when you give something away free if it's free in my opinion. (P5)

…the other benefits is that sort of well, being slightly smug feeling you get, that you’re saving the world. Which I don’t think should be discounted really. It’s something we all need to think about…… You know, if you’ve only got a limited discretionary spending and you’re not, I’m not saying not committed to the environment but you’re thinking there’s other things we could do. Why spend that money for no return when we could save it for something else like a new roof or insulation.
 (P2)

My partner is still quite traditional in his thoughts and the way that he kind of sees things, where I'm hoping I'm more like one of these Eco Warriors that's going to possibly change the world and influence my children as well and hopefully it'll be a norm for them. Yeah because although we've got solar panels, we've also got air source heating so we’re hoping they kind of go hand in hand and moving away from the coal and the and the oil. (P6)

You can’t save the world with every decision you make, and we have to accept that, but we can do our bit. Solar is an easy fix and they work, so why not (P2)

If you've got an old stone house it's totally insulation, you’d be wasting your time having solar panels. Quite honestly, I would put more investment into insulation, cutting out drafts rather than having solar panels. I think all new houses should have solar panels, because they have to be above the level the ‘D’ or whatever in terms of energy efficiency. (P7)

Once you know how you want to live in it and you've worked out how to make it as insulated and as airtight as possible, then work out what the most appropriate heating system is and control that environment as well. Keep it fresh keep it healthy keep it efficient. (P5)

So, guys will look at that and say well; if I still have to put solar panels on my roof maybe I won’t to do the insulation as much. So, maybe an improvement in CO2 emissions against building regs is what it should be. So, that we can then improve the insulation and use less energy, rather than putting solar panels on to compensate for our wastefulness. (P5)

The house is, um the main part of the house is about 1890 and has single glazing, we don’t think that affects it at all, and we had them installed about 7 years ago (P2)

with a lot of older buildings, they’re not going to be as energy efficient and they are going to be looking for a solution. And obviously, the choices are from double glazing to heat pumps and solar etc… We do um, have quite a lot of customers building homes and building forever homes and planning on living there for 20, 30 years so they do want to make it as energy efficient as possible obviously with solar they can achieve this. (P1)

[bookmark: _Hlk6658983]For me, if I move I want solar panels, I’ve had experience of them and saw benefits so it’s a big plus for me and I suppose it would have to be a newer house ‘cos old ones like mine now, you know its ok but newer houses are better insulated. (P3)

[bookmark: _Hlk6659153]It was all in the cost of the build. There is a breakdown somewhere, it was quite expensive, but it had to be done so we just bit the bullet and went for it. The house hasn’t been signed off yet, so we haven’t seen any benefits in money from the grid or FIT. (P6)

[bookmark: _Hlk6660657]it’s just not going to be cost effective. As I said, it’s only reduced my bill by about £20 a month and if I didn’t have the feed in tariff, I wouldn’t make the money back, that’s why, if I move to a house with no panels, I probably won’t have them put in. (P3)

[bookmark: _Hlk6660181]because it’s dropped so much of a rate right now, when we hear customers kind of say “oh, well the feed in tariff is not what it used to be” and obviously what you see in comparison is that price has dropped so it’s not about the earnings anymore it’s about the savings. So I feel like there’s a lot of people rushing now to get the earnings but after this then, possibly the private sector will drop the prices of solar panel installations to keep in line with it and then obviously people who are aware of solar will say “it wasn’t that much anyway, so I’ll just have the savings now”. (P1)

[bookmark: _Hlk6662115]As from today, it's not worth doing solar panels without doing battery storage for it. So, without doing the energy storage solution they’re wasting the energy because you're only using 20 percent of the energy within the property. (P4)

[bookmark: _Hlk6662873]It will affect them but it's a brilliant thing, because it's skewed everybody's decisions, what's happened in the past is people have worked out how to achieve efficiency on calculators like SAP, and then they say well I'm putting solar panels on so I don't have to make my walls as good. (P5)

[bookmark: _Hlk6663870]I think it will inevitably make a difference yeah. When we had them fitted, we bought into them when the feed in tariff was at its highest; but conversely solar panels were more expensive. So, whilst we were what you would call early adopters, we did pay a price for the system where as now; you can get them for a quarter of the price and still get a relatively good feed in tariff. When it stops, people won’t get anything back and it’s really going to affect their decision, especially I they know someone with solar panels already. (P2)

[bookmark: _Hlk6666551]I think when the time comes, we will look to install more panels and store it for our use. We want to develop the barn and make it energy neutral, not to the extreme but we want to make it try and be self-sustainable if we can. Maybe get a few batteries to store the energy there too if the new panels can’t be added to our current FIT contact. Of course, it all comes down to cost. (P2)

[bookmark: _Hlk6668800]I think batteries have now come back into being viable, but um, the costs have come down. But also, the energy prices have gone up. So, there was a time when we didn't do batteries because to draw energy down from battery over the life of the battery cost about 20 pence per kilowatt hour. At the time energy from the grid was only about 12 /14 pence and so didn't seem to be viable. Now the energy prices from the grid because of the price capping issue have now gone up to 19 pence a kilowatt from some of the energy providers. So, we're not that far away from the economics of batteries but also the battery prices will come down as well you know. So, I can get a five-kilowatt battery for this house for about two, two and a half thousand for five kilowatts. Two years ago, that was five thousand (P7)

[bookmark: _Hlk6669129][bookmark: _Hlk6669160]with battery storage, they store the energy and then use it when the systems aren’t producing. So, you can store any of that surplus energy into a battery and then you can use it when the system isn’t producing, then that’s obviously one way to protect the consumer from rising energy prices and keep homes more energy efficient but then also help the grid and help everyone with reducing fuel poverty. (P1)

[bookmark: _Hlk6667972]I think we’ve still got a lot to learn about solar let alone having a battery. Like I said, we’ve lived here and not felt the benefits. I’m learning a lot today and will go and chase it all up. I bet they’re expensive but having a battery would be great especially in the winter and if it means less to pay on bills then I’m up for it and I’m sure it will pay for itself then (P6)


As from today, it's not worth doing solar panels without doing battery storage for it. So, without doing the energy storage solution they’re wasting the energy because you're only using 20 percent of the energy within the property. (P4)

[bookmark: _Hlk6669279]They've been designed to be installed in a loft basically so, they’re the safest cells on the market. They've got one of the longest lifespans on the market and we can also monitor everything so we can see everything that's going on and how everything was operating to make the system work as dynamically as possible. Consumers can log in to an app to keep an eye on their energy use (P4)

[bookmark: _Hlk6669318]On a normal domestic property, you’d only need two of those. Because of how the system works dynamically; if it didn't work dynamically, you'd probably need four times the rate. To be able to do that and to be able to deliver what you actually need. (P4)

[bookmark: _Hlk6669409]I don’t think I want to share the energy I built up with my neighbours. After all, if I paid all that money out on the panels and they come along and just get to use it I don’t think it’s fair. Not unless I am compensated. (P3)

if the government encourages actual local community projects to power those homes, for example, with a lot of batteries now, as well as the ability to charge solar from the grid you know, manufacturers are trying to make them more technological again so features like operating during a power cut  and also grid sharing. That means batteries where with a shared software can share the energy between each other. So, this communities can benefit from free energy or cheap electricity rather than wasting energy travelling down the grid. (P1)

[bookmark: _Hlk6669446]
We could look at different scenario where some of the houses that are not suitable for solar, for whatever reason, whether it's shading or the roofs facing the wrong way, they could take the part of that. So, that then helps them out as well. (P4)

[bookmark: _Hlk6669464]The old builds were a beneficiary of the old scheme, but all the new ones we're looking at we'll have to look at community networks, it’s the way forward. (P7)

[bookmark: _Hlk6669516]I don’t think sharing energy or solar energy is the way forward right now. I think people need to sit back and think about the bigger picture in so far as, a house should primarily be strong, sound, well ventilated and well insulated. Then they can move on to determine if they want renewables, what type, cost and who else can benefit. (P5)

[bookmark: _Hlk6672119]I don’t mind sharing if we have more than we need, or someone’s house isn’t suitable, but we don’t have any close neighbours. That’s a very good idea and I suppose it would be good for the community if it can be done.  (P2)
	
Electricity suppliers need to properly state usage for solar in itemised billing





More or clearer communication from PV organisations / fitters required regarding tariffs







Importance of FIT registration information from builder / architect.




The possible lack of understanding may be the use of jargon or quick speech.






Companies offering multiple tariffs could lead to further misinterpretation causing higher bills for consumers unless is it put plainly and easy to follow.








Education on the PV is a requirement and a process of adjustment is a prerequisite of this type to change. One cannot jump to an assumption PV will fix everything.








Suggests FIT benefited organisations more than consumers.







Though the interviewee suggested a smugness, it highlights the high cost of PV and limitations for many consumers.



Costly investments need lengthy consideration, especially if there are no grants or incentives.









Changing the mind-set of a traditionalists is a challenge. Information is key to change. 

Educating the young to be mindful of the overuse and depletion of fossil fuels. Introducing them to renewable energies to pave the way forward.

Acknowledgement that one small change by one person/family can lead to others taking that same step.



The suitability of a property is not guaranteed.

Insulation is more important that having solar as a poorly insulated house will produce more ‘energy leakage’ that retention.




Further indication that insulation is a primary incentive, then follow with renewable energies.


Suggestions to adapt building regulations to stress on insulation first to ensure heat is kept in.

Suggests organisations will install PV without informing homeowners of other steps to take before installation.







Not properly informed of heat wastage i.e. single glazing is less retentive, therefore heat generated leaks out of the property.


Similarly, suggesting older propertied a less suitable, however, can be adapted.

Individual new builds seen as forever homes, so all necessary routes are taken before completion to create a suitably sustainable home.







Consumers are less likely to move if they have PV installed. Also, noted that newer homes are most likely more economical.






As before, lack of comprehension of the subject results in diminished or no receipt of incentives.





Small reduction in billing could dissuade future investments as outlay will not be recompensed.







Reduction in price if installations to maintain targets.

Assumption consumers will be happy with the monthly electricity bill saving having not known the FIT incentive.

Possibly slump in PV sales in the short-term.


Word of mouth can be powerful in both ways.




Ability to store own energy absorption instead of wasting and use later creates incentive.






Assumptions sustainability efficiency calculators offer limited information and now people will have to research further.






Reduction of initial outlay in comparison to 7 years ago and the deflation of FIT export rate makes PV more accessible to lower income families.














Further research to determine if new PV panels can be added to existing contracts.

Consumers are beginning to consider battery investments.








Batteries more sustainable than last year.

Battery price decreased but still costly.









One 4/5 kW battery is enough to run a 2-bed property








On less productive days or during winter months, stored energy can be used.


Protects consumer against increase in energy prices during winter.

Could aid in the reduction of fuel poverty.



Some consumers are not aware of the next steps or how to treat the energy absorbed. This again comes back to lack of education on the subject.

Savings in colder months when heating is required most means consumers may consider batteries.




Waste of money getting PV as most energy will be wasted.







Perfect design for residential properties and space saving.

Organisation and consumer can keep track of the energy usage.

Keeps consumer informed and up to speed with changes.






Battery sizes are decreasing for domestic use.

Appeals to consumers




Areas of incentive to share energy with neighbouring properties could see more use made with surplus energy.




Community sharing distributes initial outlay costs between several domestic properties.

Battery development is constant, linking batteries and stored energies can help communities in fuel poverty.

Benefits could include less costly or even free electricity.

No clean vision as to whom will oversee daily maintenance of system (if required)



Ability to help less suitable, though no less sustainable, homes.





Small- or large-scale developments in private or public sector could adopt community networks to share energy savings



Some industry specialists insist consumers consider their own property before jumping in to any expensive change.







Community engagement sound result in communities coming together to adapt in other ways too.
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