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[bookmark: _Toc32524739]Introduction: 
This is a study about supplying renewable energy systems to a detached dwelling to achieve maximum energy. Renewable energy is on the rise worldwide because of the growing demand on energy, high oil prices, and the impact on the environment.
Here, electricity is required for electrical facilities. In addition, we need energy for the heating system and hot water. 

Nowadays, there are different types of renewable technologies that can provide adequate energy for this building, but I have decided solar photovoltaics and wind hybrid system for the electricity. To utilise light during the day, Tubular Skylights in the roof have been installed.

This building is located in Swansea, UK.
[bookmark: _Toc32524740]First of all, we need to know how much energy the house requires:
The average UK home uses electricity around 3800 kWh/year, around 10.5kwh per day. It does depend on how many appliances are used in house and other options like LED lights and so on. The average UK home’s gas use is 15,000 kWh/year, 41kwh per day. (GOV.UK, 2020)
[bookmark: _Toc32524741]
Why solar photovoltaics and wind hybrid system?
It is advisable to have a hybrid system when installing a solar and wind powered energy system as it will not only provide a dependable back up system for complete reliability of supply, but will also be more cost efficient. (Parida, Iniyan and Goic, 2011)
A solar and wind hybrid system is connected to the grid. Solar energy can be used for battery storage to supply energy after dark. If for any reason the solar fails, the grid takes over, working to the advantage of the customer. On a particular tariff, it is possible to charge up battery storage between midnight and 6 am at a cheaper rate. (Solar photovoltaic (PV) energy; latest developments in the building integrated and hybrid PV systems, 2005)

[bookmark: _Toc32524742]Main Components of a hybrid System and how are they work
[bookmark: _Toc32524743]Solar Panels: 
Today’s panels consist of silicon based photovoltaic (PV) cells which make direct current (DC) from the sun’s energy. These PV cells combine with the panel and the next panel(s) by the use of DC cables. The energy in the PV cells comes from sunlight not heat. (Ipcc.ch, 2020)
The optimum south west direction in Swansea is shown as follows. (Gaisma, 2020)
[image: ]Picture 1 (Gaisma, 2020)

So, the place that I have chosen for this building I show in the following drawing:
Some of the panels are on top of the roof of the building (drawing 1) and some are on the garage roof (drawing 2).  
[image: ]          [image: ]
Drawing 1                                                           Drawing 2
An average 3 or 4-bedroom house needs a 3-4 KWp solar panel system with 12-16 panels. The output of such a system can be worked out by multiplying the wattage per panel by the total number of panels. An example house in Reading that has 4 x 250 watt panels would produce l KW. (Vasili, 2020)
[image: ]
Table 1 (Vasili, 2020)
As you can see in table 1, the solar panel required 28 m². The most typical size used for residential installations is 65 inches by 39 inches. (Brightstar Solar, 2020) 
We need 43400.1 square inch. If there is not adequate space on the roof, the yard is a suitable place to slot them in. you must make certain that there is nothing to create any shadow (Author, 2020)
[image: ]                                                     Drawing 3
Over an average year, a 4kWp array solar system will generate 9.8 kWh per day. (Solarselections.co.uk, 2020)
Direction and angle: A solar panel needs to be installed on a south west side of a roof at a 35-degree angle. (Handoyo, Ichsani and Prabowo, 2013)
Shade: The panel needs direct sunlight for optimum use. Any shade can drastically impede the electricity output. The same applies to any dust and dirt on the panel, it must be kept clean. (Humada et al., 2014)

Time of the year: 
The most productive time of year is the summer when maximum sunshine is available. Although, the generation of electricity will decrease if the temperature exceeds 25° C. (Cite This for Me, 2020)
[image: ]
Picture 2 (Bayrak and Oztop, 2020)
The above picture shows that any dirt - pollution or falling foliage – can reduce the effect of the sunlight on the panel (Author,2020)

[bookmark: _Toc32524744]Small wind turbines:  There are two types of turbine, horizontal and vertical axis. The horizontal-axis is commonly used. These are made of composite/ fibreglass with either two or three blades. (Emejeamara and Tomlin, 2020)
[bookmark: _Toc32524745]Is there enough wind where the building is located?
The average hourly wind speed in Swansea: The windier part of the year lasts for 5.5 months, from October 9 to March 24, with average wind speeds of more than 13.5 miles per hour.
The calmer time of year lasts for 6.5 months, from March 24 to October 9. The calmest day of the year is July 26, with an average hourly wind speed of 10.8 miles per hour. (Weatherspark.com, 2020)
Generally speaking, you need sustained winds of at least 10 miles per hour (MPH) to produce a significant amount of power. And, of course, energy production increases according to wind speed. A 12-MPH wind will generate about 70% more energy than a 10-MPH wind.
The turbine should be high up at least 10 meters above the land and as far from the building as possible because of the noise factor. (Popular Mechanics, 2020)  
in order to limit the noise from the wind turbine, it can be installed in the swimming pool area (author, 2020)


[bookmark: _Toc32524746]Solar Inverter: These solar panels yield DC electricity which is converted on the roof to alternating current (AC) via a micro inverter under each panel and fed direct to the electrical switchboard. (Berwal et al., 2017)
[bookmark: _Toc32524747]Electricity Switchboard: The AC electricity from the inverter is fed to the switchboard from where it feeds into the different circuits for use in the building. Any unused energy can either be stored in a battery or can go through an energy meter to the grid. (CLEAN ENERGY REVIEWS, 2020)
[bookmark: _Toc32524748]The meter:  This works out how much energy you are purchasing from the grid or how much you are selling to them. (CLEAN ENERGY REVIEWS, 2020)
[bookmark: _Toc32524749]The battery bank: This is part of the hybrid system. Surplus energy to requirement goes to the battery bank as part of the back-up. It can be used after sunset time when electricity costs more due to higher demand. (Ud-Din Khan et al., 2020)
[bookmark: _Toc32524750]Electricity grid: Depending on the hybrid set up, when the batteries are at maximum charge, surplus solar energy will go through the meter into the grid. If the batteries should become depleted, the energy supply will be fed back from the grid. (Aziz et al., 2020)


[bookmark: _Toc32524751]Conclusion:
By using a solar-wind hybrid system it is possible to generate a large proportion (around 80%) of the yearly energy needed.  It is essential that there is sufficient space to mount the equipment.
This study shows Swansea is ideal for this renewable energy technology. (Author, 2020)
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