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1. Title of Research Proposal 
Domestic use of renewable energy: Solar vs Wind 

2. Overview
With renewable energy being in the forefront of construction as a sustainable future, most focus on domestic use and how much it can affect the world when looking at our carbon footprint. Not many focus on the domestic use of renewable energy. With the cost-of-living crisis that is happening in the U.K as well as the energy crisis I have decided to investigate the domestic use of different forms of renewable energy including the cost of set up, the money saved compared to purely using energy providers and to whether the investment into renewable energy is reasonable for an average homeowner.
3. Aims and Objectives
The aim of this research is to better understand the use of renewable energy in the household as well as comparing different types of renewable energy in terms of cost, efficiency, and maintenance of these renewable energy sources. To keep this research focused I am only going to conduct my research on solar power and wind power. The objectives for this research project will be:
· Investigate the cost of renewable energy in domestic households including set-up and maintenance through literature.
· Compare and evaluate wind power and solar power to find which is more suitable to run domestically. 
· Conduct interviews and surveys to find people’s opinions on renewable energy sources for domestic use: cost, aesthetics, maintenance




















4. Background research 
There are many different forms of renewable energy generation readily available in the U.K for homeowners to buy and install. Renewable energy in homes is more popular than ever and its popularity is only growing as people are looking for any way to save money on electricity and gas. Methods such as hydroelectricity, renewable energy heat pump, and biomass heating systems are all rising in popularity now but the two forms of renewable power to be discussed in this research paper will be solar power and wind power. 
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Description automatically generated]The first question that must be asked is how much does each system cost to set up at home? Below is a table from The Renewable Energy Hub, 2018, showing the rough cost of each type of turbine that can be purchased compared to the approximate amount of energy produced per year (assuming average U.K wind speed is 5.6m/s). although some of these turbines may be a bit overkill for a home and out of most people’s price range this table provides useful information that can be used later in the research.Table 1.
(The Renewable Energy Hub, 2018)

In terms of grants there are not many that can be awarded for wind turbines as there are no national grant schemes for wind turbines.
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Description automatically generated]Solar panels seem to be easier on the average homeowner as shown by this table below provided by Jackman, 2019.Table 2.
(Jackman, 2019)


There are also many different grants you can get for solar panels to help with the costs so solar panels seem to be the more user-friendly approach.

With both solar and wind power there is a scheme that allowed for unused energy to be sold back to the national grid. This is called the Smart Export Guarantee and it allows homeowners that use renewable energy to make money every year by selling off their unused energy and making a small amount of profit, effectively paying them back for buying these renewable energy generators. (Jackman, 2019)

With both methods of generating renewable energy there are some problems and costs including maintenance fees and other wear and tear. Wind turbines require annual maintenance which usually costs between £100-£200 a year and any repairs on the generator will cost upwards of £1000 (www.greenspec.co.uk, n.d.).
Solar panels are designed to be low maintenance so they don’t require the same upkeep as wind turbines however they can sometimes cause structural damage to roofs which can be a much heftier cost to homeowners to rectify the issue.




5. Methodology
Initial research into the area has shown there is a good deal of research readily available online to use for this research project. This will make secondary research much easier so a literature review will be the first step in conducting this research, research into the assembly of small wind turbines and solar panels will be relevant as it will assist in the later comparison and evaluation of these renewable energy generators. Research into the power produced will also be useful as comparing the costs compared to purely using energy providers will need to look at the energy produced by renewable energy generators. 
The next step of the research will be interviews with homeowners that use solar panels or wind turbines to power their homes. These interviews can be used to gather information from normal people who have no knowledge of the construction or maintenance of these generators but simply use them as they are convenient. The interviews will be a useful insight into what it is like to live with these forms of power generation: can they solely live off the power generated, do these generators cause disturbance, is there much maintenance required from experience? Questions like these will help to further drive the research in the correct direction towards drawing conclusions and successfully achieve the aim of this research paper.
The research will also include a questionnaire that will look to speak to as many people as possible (owners of renewable energy generators and non-owners) to gather people’s opinions on this form of generating energy. The questionnaire will focus on why peoples don’t (or do) have these generators including questions about cost, aesthetics, disruption, and maintenance. 
Using the data found, a proper comparison and evaluation of the two different methods of producing renewable energy can be made. This will include peoples’ opinions (as found by the surveys and interviews), waste from production, energy produced, cost to own and maintain and sustainability to gather a well-rounded set of data to draw valid conclusions.


6. Literature review 
This literature review will be split into two sections to give the reader and the researcher better understanding of these topics within renewable energy before completing the primary research.
The first section of the literature review will focus on the construction of wind turbines and solar panels. Focusing on the materials used and the possible impact these could have on the environment as well as focusing on how viable each option is for the average homeowner.
The second section of the literature review will focus on the average amount of power used by households each year and how much each type of renewable energy could save them as well as how long it would take to recoup the investment.
6.1. Construction of Wind Turbines
The first item this literature review will research is the construction of wind turbines. The first thing to consider when building a wind turbine is the location. For a wind turbine to be efficient the wind speed must be more than 15.5 miles per hour daily. Open areas such as rural housing would be much more ideal for a wind turbine than an urban city would as often there would be large buildings blocking the wind making the turbine less effective. (How Products are Made, 2014)
Once a location is decided to be suitable the first part of the building process is the tower. This is made from steel and has a zinc alloy coating for protection. Obviously, there is a lot less steel used for a roof mounted turbine compared to a standalone turbine. The height of a standalone turbine is usually around 65 metres. This is limited to the availability of cranes typically. The tower of a turbine usually makes up 30-65% of the turbine’s weight and are made in a factory in sections of around 30 metres and then erected on site. (Danish Wind Industry Association, 2021)
To secure the tower of the turbine in place a concrete base is created using between 600-1000 tonnes of concrete and around 165 tonnes of steel (Danish Wind Industry Association, 2021).
The next part of a wind turbine is the nacelle. This is a strong hollow shell that is made from fibreglass and contains all of the components such as the driveshaft or gearbox and the pitch control which is a hydraulic system that controls the angle of the blades. The generator and electrical components within the nacelle are made up from steel and copper (How Products are Made, 2014). Like the tower, the nacelle is made off-site in a factory however the nacelle will be fully assembled in the factory and then will be installed onto the top of the tower and bolted into place (How Products are Made, 2014)
The blades of a wind turbine are usually made from aluminium or fibreglass but can be made from wood although that is rare. A typical fibreglass turbine is about 15 metres in length and weighs around 1000kg. fibreglass blades are made in factories using moulds and are then bolted onto the nacelle (How Products are Made, 2014).
The final part of a wind turbine is the control system. This is composed of different electric components that allow the user to communicate to the turbine for controls such as the pitch control. Wires are run from the control system to the nacelle and to a transformer (How Products are Made, 2014).
in summary the construction of wind turbines is a lengthy and expensive process so unless someone has both a decent amount of time and money then this option isn’t very viable.

6.2. Construction of Solar Panels
The first part of making solar panels is mining pure silicon crystals. These crystals are then made into PV cells by melting down the raw silica and turning it into ingots (Solar.com, 2018).
The ingots are then sliced into thin discs and then trimmed into small squares or rectangles for them to fit together (Solar.com, 2018).
The polysilicon is then treated with boron and phosphorus to create positive and negative charges. This is called the P/N junction, and this is where the electricity happens. Wires then connect the semi-conductors with metal to create paths for the electricity (Solar.com, 2018).
The cells are then coated with an anti-reflective substance to ensure they capture the light, and the cells are then sealed into an acetate made from rubber or vinyl. The panel is then placed into a frame made of aluminium and are sealed by glass or plastic to protect the panel (Solar.com, 2018).
As solar panels are very compact, there is little maintenance needed as often they are built to last for decades. A study conducted by The National Renewable Energy Laboratory (NREL) found that over a 40-year period the typical solar panel loses around 0.5% of its output power every year. This means that after 25 years (the normal warranty allowed for solar panels) the solar panels will still be operating at 87% capacity (Climate Reality, 2019).
In summary solar panels are the cheaper option but the main concerns are the durability and the environmental effect. This construction process does highlight the damage that the solar panels do but when compared to how long they last in optimal conditions the solar panels do begin to balance out the damage they have done in construction.


6.3. Power Produced by Wind Turbines and Solar Panels
According to research conducted by Ofgem the average flat or 1-bedroom house uses around 1,800 kwh annually, the average 3-bedroom house uses around 2,900 kwh annually and the average 4–5-bedroom house uses about 4,300 kwh annually (Ofgem, n.d.). these figures are only averages as the figures will vary depending on factors such as the amount of people living in the house and the construction of the house (i.e., semi-detached houses will use less energy on average compared to detached houses as the other houses attached will act as further insulation.) 
As shown by table 1 in background research (The Renewable Energy Hub, 2018), a 1.5kW pole-mounted turbine produces 2,600 kWh on average per year. This would be more than enough to power a flat or 1-bedroom house however it is unrealistic as there would be no space for the turbine. A roof turbine could be an option for a smaller house. A roof turbine produces roughly 1,750kWh per year which would account for over 95% of the average electricity used per year in a smaller home. A 1.5kW turbine could be a viable option for the average 3 bedroom house or maybe even a larger house such as a 4-5 bedroom house. A 1.5kW wind turbine produces around 2,600kWh annually which would account for 89.7% of the average electricity used per year in a 3-bedroom house. The biggest downfall of the turbines is whether the home owner wants to invest a large amount into the turbine initially as most people looking to save money on energy bills wont have the spare £7,000 lying around for a 1.5 kW turbine and there are no grants to help with the construction of turbines. 
Another option that could be more viable for the average homeowner is the use of solar panels as the cost for installing 10 solar panels is around £5,420 (Jackman, 2019). 10 solar panels would produce roughly 2,645kWh annually which is more than a 1.5kW wind turbine could produce in a year and costs significantly less. The largest barrier to having solar panels is the space required. It is estimated in the table produced by Jackman that at least a 3-bedroom house would be necessary for 10 panels but when considering the conditions needed for a wind turbine it is still more realistic to have solar panels for the average homeowner.
6.4. Money Saved by Using Both Renewable Energy Sources
A table produced by British Gas shows how much would be spent annually on electricity based on the Ofgem average figures.
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Description automatically generated]
Using this table we can find that roughly 1kWh costs roughly 40 pence by dividing £1,156.27 by 2,900 (average annual consumption). If a homeowner was using a wind turbine for a 3-bedroom home then in theory they would only be using 300kWh from the grid so by multiplying the 40p by the 300kWh that is not produced by the turbine then the home owner would only be paying around £120 per year for electricity which is a massive difference but how long would it take to recoup the initial investment purely from money saved on electricity? 
If the homeowner using a wind turbine was only paying £120 per year in electricity then they would be saving roughly £1,036 per year (for this example it is assumed that the home owner has a 3 bedroom house and is using a 1.5kWh pole mounted turbine). From the estimate in table 1 in the initial research we can see that the 1.5kWh turbine costs about £7,000 so by dividing the initial cost by the amount saved every year (£1,036) we can see that it would take 6.8 years to recover the money invested in the wind turbine from money saved in energy bills alone. This shows that this investment is definitely a long term investment and is a more viable option for someone who is more well off compared to the average British homeowner.
If we were to use the same example but replaced the wind turbine with 10 solar panels (amount recommended for 3-bedroom house by Jackman, 2019), the table shows that the initial investment would cost £5,420 and the amount of energy produced each year would be 2,645kWh per year. By subtracting 2,645 from the average energy consumption figure (2,900) it is evident that there would only be 255kWh unaccounted meaning that is how much on average the homeowner would need to use from the national power grid. Multiplying this 255kWh by the average cost per 1kWh would give the rough cost of energy per annum which works out to be £102. 
This doesn’t seem like a very significant difference between the two but when considering that the cost of these solar panels is only £5,420 and the money saved from paying for electricity every year would work out to roughly £1,054 this would mean that it would only just over 5 years to recoup the initial investment for the solar panels and when considering that there are now several government grants that help with the purchase of solar panels this sounds like a much more reasonable and realistic option.
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The table below gives you a rough idea of the initial costs of domestic wind turbine systems: B

System size Indicative system cost Approx. yearly system
(incl. VAT @5%) output*

1KW (roof-mounted) £1,500 1,750kWh

1.5kW (pole-mounted) £7,000 2,600kWh

2.5kW (pole-mounted) £12,500 4,400kWh

5kW (pole-mounted) £23,500 8,900kWh

10kW (pole-mounted) £45,000 21,500kWh

15kW (pole-mounted) £70,000 36,000kWh

“We have assumed the average UK wind speed of 5.6m/s for the sake of illustration. The actual
system output is predicated upon a large range of factors. Larger, higher output turbines also tend to
be mounted at greater heights, where wind speeds are higher.

Depending on the type and size of the turbine, there are also annual system maintenance costs
which one must bear in mind, though these tend to be relatively small. Since they rely on relativel
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What's the average bill spend for electricity? '

Electricity usage Average annual consumption Average annual cost* Average monthly cost*
Low (flat or 1-bedroom house / 1-2 people) 1,800 kWh £781.87 £6516

Medium (3-bedroom house / 2-3 people) 2,900 kWh £1156.27 £96.36

High (5-bedroom house / 4-5 people) 4,300 kWh £1,632.79 £136.07

* Electricity unit rate 34.037p per kWh plus standing charge of 46.356p
per day. Values might not match exactly due to rounding.

Based on the Government's Energy Price Guarantee rates and
customer with typical usage, paying by direct debit. Rates and
standing charges are averages and will vary by region, payment
method and meter type. Rates are effective from 1st January 2023.
Average monthly costs may vary depending on your existing account
balance.
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