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[bookmark: _Toc221217040]Abstract 
In this project we deign a wind turbine farm to allow a village of 120 residence to fully rely on it. With total demands reach 1MW, having to choose a battery to sustain all the energy. And other components like the LV switch gear to allow safe transmission into the homes of the residence. We come out to a total of £3,546,762. Concluding that it would be best for the village to not buy the whole wind farm at once and save for half the price and then start the wind farm. As this would allow them not to be paying as much every month. 
[bookmark: _Toc221217041]Introduction
In this report I will be designing a wind farm to supply energy to a rural area in north Wales. This because the United Kingdom is committed to using more renewable energy to power their homes. Looking into how long the payback scheme is and finding a good and sustainable parts that can meet the village needs.  
[bookmark: _Toc221217042]Research and Analysis. 
[bookmark: _Toc221217043]Analysis on power demand for the village. 
The power demand for the village is around 3027kWh/Day. For the whole year we are looking at 1081573.214kWh/Year.
	Type of Building 
	Number of buildings
	P.C of each Individual Source
	Total P.C per Day
	Yearly demand 

	Average Household 
	120
	12
	1440
	525600

	Primary School 
	1
	130
	130
	47450

	Health clinic 
	1
	220
	220
	80300

	Library 
	1
	150
	150
	54750

	Community Centre
	1
	180
	180
	65700

	Place of Worship 
	1
	10.71428571
	10.71428571
	3910.714284

	shops
	4
	180
	720
	262800

	Street and traffic lights
	45
	2.5
	112.5
	41062.5

	Total 
	174
	885.2142857
	2963.214286
	1081573.214


[bookmark: _Toc217240527][bookmark: _Toc221216441]Figure 0‑1 Total Power Consumption

Figure 0-2 Average Sunshine Hours
	Months Year 2021
	A.S.H

	January 
	41.1

	February 
	92.8

	March
	116.3

	April
	250.3

	May
	209.2

	June
	201.3

	July
	228.5

	August 
	156.6

	September 
	117.5

	October 
	83.6

	November 
	50

	December 
	38.4

	Total Average 
	132.1333333
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[bookmark: _Toc221216442]Figure 0‑3 Average cloud coverage in North Wales
	Month
	Percent of cloud coverage

	January 
	75%

	February
	88%

	March 
	13%

	April
	25%

	May
	88%

	June
	75%

	July 
	100%

	August
	25%

	September
	100%

	October
	25%

	November
	63%

	December
	100%

	Average 
	65%





Figure 0‑4 Minimum needed sunshine
	Months 
	Peak average sunshine

	January 
	186

	February 
	168

	March 
	186

	April 
	180

	May
	186

	June
	180

	July
	186

	August
	186

	September
	180

	October
	186

	November
	180

	December
	186

	Average 
	182.5



This show how ineffective solar energy will be in north Wales as for a peak average doesn’t get meat. The average being peak needed sunshine 182.9 and the average in North Wales being 132.13.
Figure 0-5 Average Wind speed
	Months Year 2021
	A.W.S m/s

	January 
	8.04672

	February 
	8.04672

	March
	7.15264

	April
	6.25856

	May
	6.25856

	June
	5.36448

	July
	5.81152

	August 
	5.81152

	September 
	5.81152

	October 
	6.25856

	November 
	6.7056

	December 
	8.04672

	Total Average 
	6.631093333



Conclusion is that we will be going for wind turbines, as in north Wales there is higher energy produced in wind than there is in solar. As solar can be affected by clouds and daytime lengths. There would need to be 4-6 hours of effective peak sunshine to get a use out of the solar panels. While on the other hand Wind generation is only affected by the wind speed of that day. There being a larger amount of wind generation in north Wales. And that it is more consistence with the energy generation. You can refer to figure [0-2], [0-3] and [0-4]. 
[bookmark: _Toc221217044]Wind turbines 
[bookmark: _Toc221217045]Chosen turbines 
Acsa-a27-225
This turbine produces a total of 225kW. At 6m/s it averages of 33kW. At 7m/s it averages of 55kW. At 6.6m/s produces 46.2kW. It has a spur gear which are relatively simple to design, manufacture, check for precision, and are relatively inexpensive [1]. This turbine is made for only onshore power generation.

[image: ACSA A27/225 - 225,00 kW - Wind turbine]

Vestas-V29
This wind turbine produces total 225kW. At 6m/s its average 38.3kW. At 7m/s it produces 61.9kW. Then at 6.6m/s it produces 52.46kW. It has a spur gearbox, relatively simple design, manufacture, check for precision and are relatively inexpensive [1]. The vestas-v29 is only made for onshore power generation. 
[image: Vestas V29 - 225,00 kW - Wind turbine]

An-bonus 150-30
This turbine produces a total of 150kW. At 6m/s it averages 20kW of power. At 7m/s it averages 35kW of power. This turbine also, uses a spur gearbox which is relatively simple to design, manufacture, check for precision and are relatively inexpensive [1]. This turbine is only made for onshore power generation. 

[image: AN Bonus 150/30 - 150,00 kW - Éolienne]


An-bonus 450-37
This turbine produces a total of 450kW. At 6m/s it averages 63.90kW of power, then at 7m/s it averages 109kW of power. This turbine uses a spur and a planetary gearbox. This turbine uses two styles of gears, making it very complex. This could mean massive down time operations. Due to the complexity of the gearbox if anything were to happen to it. Planetary gearboxes are usually prone to various faults that can result in the shutdown or an entire system and corresponding economic loss [2]. This turbine is only made for onshore power generation. 

[image: AN Bonus 450/37 - 450,00 kW - Wind turbine]



To the find the number of turbines in we would need to find the average annual power generated at the average wind speed. 

Then divide that be the total annual 

	Turbines 
	P.R
	P.P at 6m/s (kW)
	P.P at 7 m/s (kW)
	P.P at 6.6 m/s (kW)
	Annual P.P at 6.6 m/s (kW/h)
	N.T
	N.T.R

	ACSA A27
	225kW
	33
	55
	46.2
	404712
	2.672451027
	3

	Vestas V29
	225kW
	38.3
	61.9
	52.46
	459549.6
	2.353550085
	3

	AN Bonus
	150kW
	20
	35
	29
	254040
	4.257490946
	5

	AN Bonus
	450kW
	63.9
	109
	90.96
	796809.6
	1.357379479
	2 


· In list of abrevesations. PP, P.R, N.T, N.T.R, 

	Turbines 
	Pricing 
	Total pricing 

	ACSA A27
	35,000
	£105000

	Vestas V29
	60,650
	£181950

	AN Bonus 150
	27,046.00
	£135230

	AN Bonus 450
	41,877.60
	£83755.2



With the information I think the best turbine to choose would be the ACSA A27, this is best because we are able to attach it to the house straight away then convert it too DC with the excess. Aswell as having a grid connection of thyristor.
[bookmark: _Toc221217046]Converter 
If your turbine produces AC, but you need to store energy in batteries, you’ll need a rectifier to change the AC into DC. And you will need a rectifier for each of the turbine as if there is only one there is an inconsistency with the change in current. We have two choices from the Mitsubishi to the Larson electronics. I chose the Mitsubishi. 
Mitsubishi
The Mitsubishi Electric FR-CC2-H500K-06 is an exceptional rectifier choice for demanding industrial applications. To increase input power factor, lower harmonic distortion, and guarantee steady DC bus voltage for delicate downstream equipment, this sturdy 500kW device has an integrated DC reactor. 
[image: FR-CC2-H500K-06 - Motor & motion control - Mitsubishi Electric]
Larson Electronics 
For heavy-duty industrial applications, the Larson Electronics 500 KW AC to DC rectifier offers a reliable and adaptable power conversion solution. It is perfect for large-scale processes like electroplating, anodizing, or powering industrial DC motors because of its highly efficient design, which transforms a 480V AC input into a steady 440V DC output that can produce 1136 amps. This rectifier is a strong, high-capacity option for operations needing significant, stable power conversion because it provides predictable, continuous performance for crucial activities where steady DC power is necessary. 
[image: ]

	Names 
	Output power
	Output current 
	Efficiency (%)
	Price £
	Total price 

	Mitsubishi
	500kW
	962A
	0.90
	£28,940.85
	£86,822.55

	Larson Electronics 
	500kW
	1136A
	0.92
	£90,512.80
	£271,538.40



[bookmark: _Toc221217047]Low Voltage Switch gear 
We will be choosing the schneider electric. This allows us to get house voltage as the others we would need to lower the output voltage further. 

	Names 
	Rated output 
	Breaking capacity 
	Rated output current
	Cost

	Schneider Electric
	240V/415V
	25kA
	125A
	£4,869.63

	Schneider 
	415V
	50kA
	1600A
	£12,720.63

	Schneider Merlin
	415V
	50kA
	800A
	£6,604.44




[bookmark: _Toc221217048]Batteries
When looking for the battery storage for the village we will be taking the estimated values from “Grid energy storage” [4]. We can see that the lithium-ion battery is the best choice. A lithium-ion battery is widely used for its high energy density and cycling performance [4]. And cost the least at £266 [4]
For the village battery storage unit, we will be going with the BSLBATT. As this give us the most flexibility with the needs of the village. And there is no assumption that are being made with the battery size. 
[image: ]
This is the ESS-GRID FlexiO BSLBATT battery storage system. It is built like a powerhouse for factories, businesses, and off-grid sites. It works smoothly with renewable energy products, diesel generators, and the main grid to create a reliable, always-on power supply. Built with safe, long-lasting lithium iron phosphate (LFP) batteries. Flexibility is its biggest advantage; you can simply add extra battery cabinets as your demands change. This battery has a DC-AC inverter placed inside of it. Allowing there more easy flow to the local grid. Its also tells us that each battery cabinet is 241kWh. 
[image: ]

This is the Symtech Solar MEGATRON is a stable 1MW energy storage device. Its easy-to-use design, which comes fully integrated with batteries, inverters, and safety systems to reduce complicated installation effort and expenses, is its greatest advantage. It has a 5,000-cycle warranty and is designed for heavy-duty, long-term operation using dependable Lithium Iron Phosphate (LFP) battery cells. This battery also, has a DC-AC inverter placed inside of it. Allowing there more easy flow to the local grid. 	
To calculate the price of the battery at its ideal size as it wasn’t given, I had to find an existing paper that told me what the average price per kilowatt (LFP) cost. [4]



To calculate the average needed battery storage for 2 days. We take an assumption that each battery storage unit has 5 cells. This being only the Symtech battery. As the Bslatt battery states that I have 4 cells. Cells being the battery compartment. 

TO find the amount of battery cells we would need for a given amount of time. We would need to take the amount of energy needed for the village. Divide it by the length of time we need it for. Then divide it by the size of the battery.





	Battery
	Battery type 
	Ideal Battery size (kWh)
	Price (£)
	Cost per cell 
	Cells for 10 hours 
	Cost for 10 hours
	2 
	Cost for 2 days (£)

	Symtec solar
	LifePO4 (LFP)
	1000
	£266,050.00
	£53,210.00
	11
	£585,310.00
	49
	£2,607,290.00

	BslBatt
	LifePO4 (LFP)
	964
	£256,472.20
	£64,118.05
	11
	£705,298.55
	51
	£3,270,020.55



[bookmark: _Toc221217049]Protection devices and settings
This is protection is needed for if anything happens to the electrical devices in the system. 
AC protection – These are components like circuit breakers, fuses, and surge protectors. 
DC protection – Fault protection, lighting/surge protection current limitations. 
	Protection devices 
	Type AC/DC
	Price

	Surge protection 
	AC/DC
	£38.00

	Circuit breakers
	AC/DC
	£3.29

	Fuses
	AC/DC
	£2.15

	Fault protection
	DC
	£32.01

	current limiter 
	DC
	£24.38

	TOTAL per turbine
	
	£99.83

	Total overall price
	
	£299.49


 
[bookmark: _Toc221217050]Payback scheme
With this we will be looking into how long it will take to pay back for all the equipment. With this information we are looking at a 10-year period of pay back with only one battery cell holding all the energy. We will also, be considering part time technicians as part of the pay back scheme. We will be taking an average payment being £40. With part time hours being 35 hours on average. This is for two technicians. 
To solve this, we take the total cost of all the items. Then divided it by the duration of the pay back period. Then divided it by the number of cottages that are paying for it back. 
Example: This no extended battery storage. 





	Products 
	Price

	Battery
	£320,324.20

	Wind turbine 
	£181,950.00

	LV switch gear
	£4,869.63

	Converter
	£86,822.55

	Protection devices 
	£299.49

	Technicians 
	£2,800.00

	total 
	£597,065.87

	Monthly Pay back (10 years)
	£41.46



This example is what I would recommend for the village. 
The total wind farm design. Will cost a monthly fee of £246.30
	Products 
	Price

	Battery
	£3,270,020.55

	Wind turbine 
	£181,950.00

	LV switch gear
	£4,869.63

	Converter
	£86,822.55

	Protection devices 
	£299.49

	Technicians
	£2,800.00

	Total 
	£3,546,762.22

	Monthly payments
	£246.30


[bookmark: _Toc221217051]A comparative overview between national grid power NGP and the off-grid wind system OGWS. 
We are going to be looking at reports form energy switching this company works under the national grid. It states that the average household was consuming an average of 3100kWh. With that they average it around 18.40p kWh. With the total annual cost being £570.40 [6]. 
	Names 
	Annual Pay
	10 years

	National Grid
	£570.40
	£5,704.00

	Wind farm 
	£2,955.60
	£29,556.00



If we assume that excess energy can be sold to the national grid. For the low-end price which is £0.22p per kilowatt [7]. We can take the extended battery storage unit and remove a days’ worth of energy. This would mean we are emptying 25 cells. Which is 6,025kwh worth of energy.  This can only be taken if it’s a high-end energy month. This might not be able to happen during low wind average months. We assume that you can only do this once a fortnight and only the months that generate winds above our average wind speed. There only 4 months that did so. 






 

	Names
	Annual 
	10 Years

	Energy sold
	£10,604.00
	£106,040.00



This is only the money they make back from selling the energy back to the grid. This allows for a small dip in energy prices each year that they need to pay back. If each  
	Reduction In energy price
	£88.37
	£883.67





This is how much they each local has a reduction in price. 
With this information we can see that the monthly expenses are quite high. I would recommend that the village saves up half of the total cost for the wind farm. Then being the project. With the reduction in price and as they keep selling their energy back to the national grid. It would cost significantly less over time and would be anymore of a burden on the locals.
[bookmark: _Toc221217052]Environmental impact 
Significant environmental advantages come from wind turbines, which use very little water and emit extremely little greenhouse and virtually no air pollution while in operation. They have substantial local effects, though, including the need for enormous land tracts, ecological disruption, and collisions between birds and bats. Neighbouring communities may potentially be impacted by noise and flickering shadows. [8]
[bookmark: _Toc221217053]References 
[bookmark: _Toc221217054]List of Abbreviations
PP – Power Produced 
PR – Power Rating
P.C – Power consumption 
N.T – Number of turbines 
T.N.R – Number of Turbines Required.
A.W.S – Average windspeed 
A.S.H - Average sunshine hours 
M.T –Maintenance technicians 
NGP – national grid power
OGWS – off grid wind system
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