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Introduction
             Renewable energy is the energy collected from renewable sources such as solar energy, wind energy, tidal energy, hydro energy, geothermal energy and biomass energy. (edfenergy).

Solar power generation in the UK:
It is the energy harnessed from the radiations of the sun, by capturing the photons in the sun light using photovoltaic (PV) solar panels. But the weather in the UK is not the best for solar energy power production but it is just good enough to extract some level of daylight and harness solar power during frequent overcast and rainy days which puts the solar power as the third most generated in the UK in 2016 after wind energy and biomass energy, and worldwide, the UK is the sixth largest producer of solar power after China, Japan, Germany, the US and Italy. (theswitch)

Tidal energy:
Tidal energy is generated from the change in see levels, as the tide is more predictable, therefore it has great potentials. Generating tidal power requires turbines and barrages.
The turbine is similar to the wind turbine but has shorter and stronger blades, basically it is a submersible windmill where the water turns the blades causing the motor to turn and as effect electricity will be generated. The barrage is a very big dam built a cross a bay used to block the water and fix the turbines into it. (oilprice)

Hydro energy:
Hydropower is the conversion of the movement of the water into electricity and this through turbines where the water spins the turbine blades which consequently turns the motor and generates electricity. (studentenergy)
The contribution of hydropower to Britain’s total electricity is 1.8% and 18% to the renewable energy in the UK. (theswitch)

Geothermal energy:
It is the energy stored in the earth in the form of heat and its normally found in the countries have volcanic activity but as the UK does not have high volcanic activity therefore, the use of geothermal energy is hardly mentioned. (bgs) 

Biomass energy:
Biomass energy is the electricity generated using organic materials such as plants, food waste and crops residuals. Biomass energy is particular as it does not depend on the weather, the contribution of biomass energy to Britain’s electricity is 5.3% and its 17.4% of the renewable energy supply of the UK. (biomass) 

Wind energy:
Wind energy production is the process of converting wind power into electricity by using turbines, and the UK is one of the best areas in Europe for producing wind energy as wind power contributes 18% of the UK power and 52% of the renewable energy, as shown below
[image: ]
(en.wikipedia).

The expansion and improvement of wind power generation through the years is clear in the table below
[image: ]
(en.wikipedia).

[bookmark: _GoBack]

National Grid power calculations 
            Power consumption calculation for Lledr vally (Dyffryn Lledr) in north wales from the National Grid for a period of 10 years requires calculating the demand of the village as it has 100 small cottages with average rate of energy consumption of 6KWh per day per cottage, two churches with average rate of energy consumption of 80 kwh per week per church and four community services buildings with average rate of energy consumption of 50 kwh per day per building.
For the cottages the energy for a day= 100 * 6 kwh = 600 kwh
For the community services buildings the energy for a day = 4 * 50 kwh = 200 kwh
For the churches the energy for a day =  KWh = 22.857 KWh
Therefore, the total energy required for a day for the village is 
600+200+22.857= 822.857 kwh
the power demand for the village in a day is 
822.857/24 = 34.285 KW
The power demand of the village
The power demand for a year:
= 34.285*365
= 12514.025 KW

The power demand for 10 years:
=12514.025*10
= 125140.25 KW

The energy demand of the village
As the energy = the power * time, thus
The energy demand for a year:
822.857*365
= 300342.8 kwh

The energy demand for 10 years:
= 300342*10
= 3003428.05 kwh

The energy cost:
The average unit rate for electricity in the UK is 14.40p per kwh. (uk power).
Therefore, the cost of energy for the village is 
= 300342.05 kwh * 14.40p = 43249363.92p
= 43249363/ 100 = 432493.63 Pounds.


Wind viability survey
In order to determine the most appropriate location for the wind turbine, the location must be examined in many aspects such as:
Wind speed: there are many devices could be used to determine the wind speed on the required wind turbine site such as mechanical anemometer, thermal anemometer, pressure tube anemometer, soundwave anemometer, laser anemometer and doppler radar anemometer.
But in order to get robust measurement through the year, any of these devices will be placed in the required location of the wind turbine to get the average speed of each month and the average speed through the year. But as this process costs time and money, for this task the speed information has been taken from weather forecast websites as shown below
[image: ]






	Month 
	Average speed

	January 
	7.2 m/s

	February 
	6.1 m/s

	March 
	6.7 m/s

	April 
	6.4 m/s

	May 
	5.3 m/s

	June 
	6.1 m/s

	July 
	6.1 m/s

	August 
	5 m/s

	September 
	4.4 m/s

	October
	7.8 m/s

	November 
	7.5 m/s

	December 
	6.7 m/s

	Average speed
	6.27 m/s


The speed of the wind varies from a month to another but the total average speed through the year is 6.27 m/s.

Physical constraints: the location has to have sufficient developable area to install the wind turbine and has no landscape features that could affect the turbine installation and operation processes such as footpath, roads, woodland, residential and non-residential buildings, noise buffers and power lines. (renewablefirst)

Planning sensitivity assessment: it aims to determine the planning sensitivity on the site in terms of ecology, landscape and cultural heritage by locating the closest five sites with in the radius of the survey. (renewablefirst)

Planning review: in order to get a better feel for the local planning sensitivities and the local planning authorities plans and policies which reveals more risks on the project, a planning review has to be executed to review the nearest three planning application for wind turbines in a similar size to get more information about the area. (renewablefirst)

 Grid capacity: it’s all about getting permission to connec the turbine to the electricity grid, but as this turbine in this task off grid turbine therefore, this stage of the wind viability survey is not required. (renewablefirst)

Power output of the wind
The power expected to be harnessed of the wind by a wind turbine, depends on many factors as different wind turbines produce different power according to the size of their blades and the speed of the wind at the time, the table below shows how much the power output in Watts changes according to the wind speed and the blade diameter.
[image: ]
(Piggott,2000)
Power losses
· Betz’s theorem for power loss
           The power coefficient, according to Betz’s theory the maximum power coefficient for wind power could reach up to 59.3% which means the wind turbine can convert up to 59.3% of the kinetic energy of the wind into electricity.
[image: ]  
As the picture above shows that the average of the wind speed before the wind turbine blades is V1 and after the it passes through the blade is V2 which is much less than V1 due to the obstruction the wind faces by the turbine blades which hinder the speed and the kinetic energy.
· The drag
Drag reduces the power output expected of the wind by 10% as it holds the blades back, and in order to avoid this issue the blades need to be aerodynamical as much as possible which is called “streamlined”. (Piggott,2000)
· Mechanical friction
There always friction generated from the mechanical parts of the wind turbine such as the gearbox, the rotor and the convertor. The friction is directly promotional to the speed of the rotor as the slower the speed is, the higher the friction and as the expected wind speed is 6.27 m/s which is considerably low, it will generate high friction reduces the amount of power produced by the wind turbine. (Piggott,2000)
· Copper loss 
Copper losses could be inside the motor as the resistance of copper wires increases with rising temperature which caused by the current passing through the wires as at low speed of wind, then the current through the wires will be very low and consequently the temperature of the wires and the copper losses. Also, copper losses could be in the cables from the wind turbine to the batteries which is very long and is recommended to use thicker cables to avoid losses. (Piggott,2000)
· Rectifier losses
As the power harnessed from the wind turbine is AC power and needs to be stored in batteries, therefore it is essential to use a rectifier to convert the power from AC to DC.
[image: ]	(google)

            As in the photo above the current from the source is either gores through the top pair of diodes or the bottom pair, and as the diode consumes 0.7 volt in order to work, the voltage loss in any pair of the diodes is 1.4 volts which is fixed rate. Therefore, the higher the input voltage is better as in order to get 12 volts the input volt should be 13.4 volts which is 10% and in order to get 24 volts the input volt should be 25.4 volts which is 5%. (Piggott,2000)
           The figure below shows the stages of power loss the wind power goes through to get the overall power coefficient.
[image: ]
 (Piggott,2000)

Power losses estimation
           From the figure above the power loss is 30% of the power generated but assuming that the generated power is equal to the power demand which is 34.285 KW a day and 12514 KW a year. Therefore
30% of 34.28 is 10.284 KW a day
 30% of 12514KW is 3754.2 KW a year
so, the total daily power demand will be 
34.28+10.284=44.56 KW
the total power demand in a year will be
 12514+3754.2=16268.2 KW a year.

wind power calculations   
To calculate the amount of power expected from the wind at 6.27 m/s speed could be done using the equation p = ½ ϼACp where:
P is the power generated by the wind 
ϼ is the density of the air
A is the cross-sectional area swept by the turbine blade
V is the average wind speed
Cp is the power coefficient
           Therefore, the table below show the power expected from the wind in Watts with speed of 6.27 m/s in different blade sizes and different power coefficients
 
[image: ] 

   The turbine
There are many aspects to design or choose a wind turbine accordingly such as
· The tip speed ratio
The tip speed ratio TSR is the ratio of the speed of the blade of the wind turbine to the speed of the wind therefor the higher tip speed generates more noise and it is the magical number to get the maximum power coefficient as it describes how faster the rotor could go faster than the wind and in the figure below shows how the power coefficient changes according to the tip speed ratio of 7.
[image: ]
(Piggott,2000)

· The generator rpm
The table below shows how the speed of the rotor in rpm would change according to different tip speed ratios TSR and different rotor diameters which consequently changes the power output, this information was collected based on assumptions that Cp is 15% and the wind speed is 10 m/s.
[image: ]
(Piggott,2000)

· Rotor blades
The number of the blades of the rotor is decided according to the job required from the rotor as different jobs require different speeds of operation. Also, the number of blades is dictated by the tip speed ratio at which the wind turbine is operated as it is clear on the table below.
[image: ]

          In addition, the wind shear force which is caused by the difference in wind speed between the top and the bottom halves of the wind rotor swept area, this force difference causes rattle and un stability on the rotor which is higher in the two blade rotor than the three blade rotor which is much more stable as shown in the photo below. (Piggott,2000)


[image: ](Piggott,2000)

              Therefore, according to these aspects and putting in consideration the average wind speed 6.27 m/s and the power required to the village which is 16268.2 KW the capacity and the number of the wind turbines required will be decided.
             Looking at the power curve of different suitable turbines in the market with different capacities such as 50 KW and 100 KW off grid turbine at speed of 6.27 m/s, as clear in the figure below
[image: ]


(allwindturbine)


	Month 
	Average speed
	Power KW a day
	Power a month

	January 
	7.2 m/s
	26
	780

	February 
	6.1 m/s
	16
	480

	March 
	6.7 m/s
	21
	630

	April 
	6.4 m/s
	18
	540

	May 
	5.3 m/s
	7
	210

	June 
	6.1 m/s
	16
	480

	July 
	6.1 m/s
	16
	480

	August 
	5 m/s
	5
	150

	September 
	4.4 m/s
	3
	90

	October
	7.8 m/s
	30
	900

	November 
	7.5 m/s
	27
	810

	December 
	6.7 m/s
	20
	600

	Total 
	
	205
	6150



From the table and the power curve it is clear 50KW turbine produces 6150KW a year and in order for this turbine to cover the demand of 16268.2KW a year, there have to be three of it
6150*3=18450KW
The excess power is 18450-16268.2= 2181.8KW
As the daily power demand is 44.564KW, this excess power is enough for 49 days
2181.8KW / 44.56KW = 48.96 days.

100KW turbine 
[image: ]






(allwindturbine)

	Month 
	Average speed
	Power KW a day
	Power a month

	January 
	7.2 m/s
	49
	1470

	February 
	6.1 m/s
	26
	780

	March 
	6.7 m/s
	38
	1140

	April 
	6.4 m/s
	31
	930

	May 
	5.3 m/s
	17
	510

	June 
	6.1 m/s
	26
	780

	July 
	6.1 m/s
	26
	780

	August 
	5 m/s
	12
	360

	September 
	4.4 m/s
	5
	150

	October
	7.8 m/s
	67
	2010

	November 
	7.5 m/s
	58
	1740

	December 
	6.7 m/s
	38
	1140

	Total 
	
	393
	11790



From the table and the power curve it is clear 100KW turbine produces 11790KW a year and in order for this turbine to cover the demand of 16268.2KW a year, there have to be two of it
11790*2= 23580 KW
The excess power is 23580-16268.2= 7311.8 KW
As the daily power demand is 44.564KW, this excess power is enough for 164 days
7311.8KW / 44.56KW = 164.08 days.
Therefore, from the comparison above, the 100kW turbine has much higher initial cost and produces much more excess power than the required and needs higher number of batteries, while the 50 KW produces just enough excess power for a short period of time and according to that, three wind turbines of capacity 50KW will be installed.

Wind turbine specifications
[image: ]  
(allwindturbine)


The battery 
        There are many types of batteries to choose from for off grid wind turbine system such as 
· Lithium batteries
· AGM batteries
· Flooded lead acid batteries
· Valve regulated lead acid batteries 
All these types of batteries have their own advantages and limitations but the most suitable type for off grid wind turbine system is the valve regulated lead acid battery VRLA as these batteries are maintenance free and no periodic water refilling is required, have high capacity range and very long-life span. (instrumentational tools)
           The required capacity of the battery could be calculated by the formula below 
A = (P*T) / (DOD*EIN*EBA*VB)
Where
A is the amp-hour capacity of the battery
P is the power required for the village
T is the number of days the battery will supply the village
DOD is the depth of discharge of the battery (80%)
EIN is the efficiency of the inverter (80%)
EBA is the efficiency of the battery (90%)
VB is the battery rated voltage (2)

T could be calculated according to the excess power which is 2181.8KW which is enough for 49 days 
Therefore, putting all this information to the formula
A = (34.28*49) / (0.8*0.8*0.9*2)
A = 1467 amp-hour
 Using Yuasa EN540-2 industrial VRLA battery with capacity 540amp-hour 
Number of batteries = A / battery capacity
= 1467 / 540 = 2.71 therefore the required number of batteries is 3 batteries

[image: ]

The inverter
The inverter is one of the important parts of the wind turbine system, as it converts the output current of the wind turbine from direct current DC to alternating current AC to be power different appliances in the house. (renewableenergyhub)
             The size of the inverter varies according to the power output of the turbine and the consumption of the load in amps per hour but generally 50 amps output inverter could power any household appliance.
             In the case of the turbine will be used in the village, there is an inverter included in each one of them.

The cost of the system
· Capital cost of the hardware of the system
Cost of the turbine = 45000 £
Cost of the battery = 300 £
Hardware cost = (3*45000) + (3*300) = 135900 £

· Maintenance cost
Assuming that the cost of the replacement parts of the wind system per year is 3% of the hardware cost, and the labour cost for two part time technicians assuming they were given the shortest contract possible which is 4 hours a week on 12£ an hour, thus 
Maintenance cost = replacement parts + labour cost
= (45000*0.3) + (48 weeks * 4hours * 12*2) = 13500+4608=18108£

The output tariffs
The tariff of the output power of the wind turbine depend on how long the payback is required to be which is the amount of time it takes to recover the cost of the investment and the longer payback period the lower tariff and the shorter payback period the higher tariff will be. But as in this case the payback is 10 years, the tariff could be calculated by the following formula
Payback = capital cost / annual cash flow
Annul cash flow = capital cost / payback = hardware cost + maintenance cost / payback
= (135900 + 18108) / 10 = 15400.8 £
The annual cash flow is the amount of money in return of the annual energy demand of the village which is 300342.8 kwh. Therefore, 
the tariff for kwh = annual cash flow/ power produced = 15400.8 / 300342.8 = 0.0512£ 
which is 5.12 p per kwh. 


Discussion
           Comparing the cost of the energy from the national grid which is 14.40p per kwh with the cost of the energy produced by the wind turbines which is 5.12p per kwh, it is clear that it is cheaper to power the village from the wind turbines.

Environmental impacts
             On one hand wind power production is one of the cleanest ways to generate electricity as wind turbines produce no toxic gases also wind does not need to be collected as in the hydroelectric power using dams as wind is copious and it is the energy of the future.
              On the other hand, wind energy production with its bright prospects and future, it come with a price as it has massive impact to the environment in several ways have to be acknowledged and eliminated such as
· Land use
           The land used for wind power production varies according to the size of the turbine as the bigger the turbine the bigger use of lad, also it depends on the nature of the site as flat site will be affected more by land usage unlike a hilly area site or a mountain.
           A survey study found that the use of land in wind power is about 30 to 141 acres per megawatt of power output. (ucsusa)
· Wildlife and habitat  
           Wind turbines affects the wildlife massively and in particular birds and bats as many bids and bats deaths have been encountered caused by collisions by the wind turbine blades or due to pressure changes caused by the centrifugal force caused by the spinning motion of the blades. (ucsusa)
           From a different prospective, studies showed that bats are most active when the wind speed is low, therefore, to help protect the bats, the turbines could be kept motionless during low wind speeds which keep the bats natural habitat and also does not affect the power production. (ucsusa)
           In addition, some studies suggest that offshore wind turbines could act as artificial reefs and results in increasing the fish population. (ucsusa)
· Public health and community
            One of the issues related to public health and community concerns is the noise generated by the wind turbine is caused by the movement of turbine blades through the air, also there is some sound created by the turbine itself in sort of mechanical movement and vibration. But these types of noises could be mitigated through technological advances such as minimising blade surface imperfection and using sound absorbent materials. (ucsusa)      

Conclusion
            According to the location of the village Lledr vally (Dyffryn Lledr) in north wales which dictates the speed of the wind 6.27m/s which consequently dictates the power could be harnessed of the wind and the energy demand of the village which dictates the size of the turbine, it is decided to use three 50 kw turbines to produce 18450 kw to cover the power demand of the village. 
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[H12.0-50KW Off Grid Wind Turbine Specifications

Configuration 3 Blades, Horizontal axis, Upwind

Rotor Diameter ®12.0m/39.4 ft

Swept Area 11310 m2 /1217 4 2

Direction of Rotation Clockwise looking upwind

Blade Material Fiberglass reinforced composite

Rated Power 50 KW @ 12m/s / 26.8 mph

Maximum Output Power 54 KW @ 20m/s / 44.7 mph

Battery Bank Voltage 400 Vdc

System Output Voltage 380 Vac

Cut-in Wind Speed 3m/s/6.7 mph

Rated rotating rate 140 rimin

Working Wind Speed 3-25m/s/6.7-82.8 mph

Survival Wind Speed 50 m/s / 164 mph

Alternator Permanent magnet alternator, SCF technology
Alternator Weight 1237 kg / 27271 Ibs

Generator Efficiency #0.92

Wind Energy Utilizing Ratio 0.42Cp

Energy monitoring & User control Siemens PLC controller with touch screen
Gearbox None, Direct drive with front generator design
Over Speed Regulation Auto Yawing & Hydraulic Braking

Shutting Down Method Manual & Automatic electromagnetism Braking & Hydraulic Braking
Warranty 2 years for generator and 1 year for other parts

How H12.0-50KW Off Grid Wind Turbine works
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Wind power delivers a growing percentage of the electricity of the United Kingdom
and by the beginning of February 2020, it consisted of 10,429 wind turbines with a
total installed capacity of over 22 gigawatts: 13,575 megawatts of onshore capacity
and 8,483 megawatts of offshore capacity.®] This placed the United Kingdom at this
time as the world's sixth largest producer of wind power.['% As of 2012, polling of
public opinion consistently shows strong support for wind power in the UK, with
nearly three quarters of the population agreeing with its use, even for people living
near onshore wind turbines.!!"[12I1311141151[16] The UK Government has committed to
40GW of installed offshore capacity by 2030,["7! bringing overall UK wind capacity to
over 50GW, the UK electricity demand is between 30-40GW in 2019."8]

Through the Renewables Obligation, British electricity suppliers are now required by
law to provide a proportion of their sales from renewable sources such as wind power
or pay a penalty fee. The supplier then receives a Renewables Obligation Certificate
(ROC) for each MW-h of electricity they have purchased.['®! Within the United
Kingdom wind power is the largest source of renewable electricity and the second
largest source of renewable energy after biomass.[20]

Historically, wind power has raised costs of electricity slightly. In 2015, it was
estimated that the use of wind power in the UK had added £18 to the average yearly
electricity bill. 2" This was the additional cost to consumers of using wind to generate

UK Net generated electricity in
2018 (i.e. excluding impons)m
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Contents [hide] UK Wind power capacity and generation
1 History Year26] Capacity | Generation | Capacity | % of total e
2 Offshore wind farms (MW) (GW-h) factor | electricity use
2.1 Round 1 2008 | 2,974 5,357 206% | 1.50 27
2.2 Round 2 2009 | 4,051 6,004 195% | 2.01 27
2.3 Round 1 and 2 Extensions 2010 | 5,204 7,950 17.4% 208 27]
24 [REmdE 2011 | 6540 | 12,675 221% | 3.81
2.4.1 Round 3 consortia
2012 | 8,871 20,710 26.7% 5.562
2.5 Round 4 >
0
2.6 Scottish offshore 2013 | 10,976 24,500 25.5% 7.39
29
2.7 List of operational and proposed ROy 12440 282100 2oiek 2l
offshore wind farms 2015 | 13,602 | 40,442 33.9% 11.0 30][citation needed]
3 Onshore wind farms 2016 | 16,218 | 37,368 26.3% |12 B
3.1 List of the largest operational and 2017 | 19,837 | 49,607 28.5% 17 31]132]
proposed onshore wind farms 2018 | 21,700 57,100 30.0% 18 33][4]
4 Economics 2019 | 22,300 34
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