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[bookmark: _va7syfevxdrr]Abstract
In this assignment I will be researching and designing a renewable energy system for Llanrwst village, the reason for this is at the moment due to the ongoing war in Ukraine the cost of energy has gone up in the UK, it has also become a global effort to try find cleaner ways to generate electricity to help prevent any major effects of climate change, my aims are to justify a suited renewable energy source for the village and save the average household money on energy at the same time.    
[bookmark: _xk7fgmde2q23]
[bookmark: _cg65tlhjmrip]
[bookmark: _bnoxfmkw0ryu]
[bookmark: _phzvb81i5kvt]
[bookmark: _s0av5xopoyqv]
[bookmark: _8jy0zbelgcdc]
[bookmark: _5a3ygz8gsl10]
[bookmark: _9mcui7myu0wb]
[bookmark: _6uhs68drx1sh]
[bookmark: _x4be6l72loag]
[bookmark: _5heeve5dxf10]
[bookmark: _jepku3ur001z]
[bookmark: _nw1og0b5j8oj]





[bookmark: _hl7u0yzccke5]Table Of Contents

Introduction	3
List of Figures	3
Wind Energy Power System	4
Cost of electricity supply before 2021	4
Justifying The Wind Power System	5
Wind Speeds Throughout the Year	5
Electricity Produced by A Wind Turbine	6
Yearly Electricity use of Llanrwst Valley	6
Amount of wind turbines needed	6
Wind farm Design	7
Wind Turbine	7
Converter	8
Batteries	9
Cost of a Small Off-grid Wind Power System	10
Total cost of the hardwear	10
Total cost of maintenance	10
Electricity Tariffs	11
Calculating The Wind Farm Tariff	11
Comparing The Wind Farm Tariff and The fixed electricity Tariff	11
Environmental Impacts and Benefits Of A Wind Farm	12
Benefits	12
Impacts	12
(LGA, 2023)	12
Evaluation	12
Solar Panel System	13
Cost of electricity before 2021	13
Justifying a Solar Panel System	13
Conclusion	14
References	15

[bookmark: _7yh547lp2kyr] 










[bookmark: _a22d9in8g1o]Introduction   
I have been asked to design simple and cost effective renewable energy solutions for a small rural village called Llanrwst Valley that is able to provide a reliable power supply to the village 24 hours per day all year round. The two solutions that are going to be researched and designed for the village are solar and wind. The local council of that area has requested that a small off grid self-sufficient system be made using these two methods, which would utilise the potential natural resources of that area.

Below are a list of figures given that will be used throughout the report. 
[bookmark: _gfib8c5hy2z1]List of Figures
· Energy demand is low and varies in the range of 8–10 kWh per household
· 120 small cottages 
· 8 community services(two schools, a police station, a hospital, a sports centre and  two worship buildings.) 
· 80 street and traffic lights 
· Average energy consumption per cottage 10kWh 
· Average energy consumption per school day 100kWh
· Average energy consumption per operational hospital and clinic day 250kWh
· Average energy consumption per day for the police station 180kWh
· Average energy consumption per day for a worship building 80kWh
Average energy consumption per day per streetlamp and traffic light 5kWh  
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Wind Energy Power System
[bookmark: _uearpcitrj6b]Cost of electricity supply before 2021
In order to work out if the renewable energy systems in this case the wind energy system is a viable option the first thing that needs to be looked at is the cost of a fixed electricity tariff for a period of ten years before the year 2021 (before the Ukraine war), this will give us an accurate figure to compare between the wind energy tariff and the current energy tariff to see if its cost effective and beneficial for the local people. 
To do this the first thing that is required is the daily use of electricity per household, (the figure for this can be found in the list of figures pg4), which is 10kwh per day based on the highest average daily use. Next, we need to multiply this figure by how many days in a year there are to get the yearly usage.

Below is a table that shows energy usage per household 

	Time period 
	Electricity usage in kWh

	1 Week 
	70

	1 Month 
	280

	1 Year 
	3650

	10 Years 
	36,500


 
Once you have the yearly usage you can then multiply that figure by the price per unit(17.7p per kWh in 2021) to get the yearly tariff


Below Is a table that shows the average electricity tariff per household
(Jonathan Jones, 2021)

	Time period 
	Cost of tariff in £

	1 week 
	12.42

	1 month 
	49.68

	1 year 
	646.40

	10 years 
	6464.00


 

[bookmark: _m2gkxn394nw]Justifying The Wind Power System
To justify a wind power system being used in the small village, there must be a sufficient amount of wind throughout the year to produce an adequate level of power through the wind turbines.
[bookmark: _tfcj9nnf7oa4]Wind Speeds Throughout the Year 
Throughout the year, there is a considerable seasonal fluctuation in the average hourly wind speed in Llanrwst.
The 5.4 months from October 12 to March 24 constitute the windier portion of the year, with average wind speeds exceeding 17.7 km/h. The month of January is the windiest in Llanrwst, with an average hourly wind speed of 21.5 km/h.
The quieter season, which spans from 24 March to 12 October, lasts for 6.6 months. In Llanrwst, June is the calmest month of the year, with an average hourly wind speed of 13.7 km/h.
(figure 1) shows wind speed across the year 
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(Weather Spark, 2021)
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[bookmark: _3r0kqt5t85tv]Electricity Produced by A Wind Turbine
The best overall formula for the power created from a wind turbine (in Watts) is P = 0.5 Cp ρ π R2 V3, where Cp is the coefficient of performance (efficiency factor, in percent), ρ is air density (in kg/m3), R is the blade length (in metres) and V is the wind speed (in metres per second).
· Cp = 40%
· p = 1.225kg/m3
· R = Blade length in M 
· V = is wind speed in (metres per second) 
The formula is 
Currently two figures are missing that would enable this formula to be used, the length of the blade and the wind speed in m/s. There is a wind speed figure but it's in kph. First, we need to convert it into m/s. First the average wind speed across a month which can be found in (figure 1) for this example the windiest month of the year will be used which has a wind speed of 21.9kph which is 6.08 m/s converted. Now using the average blade length for an on-land wind turbine system in the UK which is 52 metres. 
Now all the figures for the formula are there it’s time to put them in the formula to see the power output of one wind turbine.
(Thunder Said Energy, 2022)


Now the electricity output of the wind turbine has been calculated, the monthly electricity usage of the village needs to be calculated in order to see if using wind turbines would be a sufficient way to generate power for the village buy adding all the figures in the list of figures (page 4) we can get the average daily power usage, then multiply that figure by the number of days in a week which is seven then multiplying that by how many weeks in a month which is four.
Below are the calculations to get the monthly electricity usage in Llanrwst Valley and the calculation to work out how many wind turbines I'd need (some figures used can be found on the list of figures on page 4.)
[bookmark: _ozkno2u1fsyf]Yearly Electricity use of Llanrwst Valley
Daily electricity Use (kWh) 


Weekly Electricity Use (kWh)


Monthly Electricity Use (kWh) 

[bookmark: _g4c5rxgzmahh]Amount of wind turbines needed
To calculate this all that needs to be done is divide the power output of the wind turbine by the demand of Llanrwst Valey. 
 

  
[bookmark: _geqilb8v2lfx]Wind farm Design
[bookmark: _dpao0v7zy6nd]Wind Turbine 
Now that the number of wind turbines has been calculated, the next step is to find a wind turbine manufacturer/ supplier and what model from that company. The supply company that is going to be used is a company called MWPS. and the model wind turbine that has been selected for Llanrwst valleys wind farm is the vestas v39 and it costs around £65,000. It has a wind speed cut in at 3.5m/s and has a maximum rated wind speed of 25m/s so it is the ideal wind turbine for the climate of the area. 
Below is a specification table for the wind turbine. 

	Rated power 
	500 kWh

	Rated wind speed (m/s)
	15 

	Cut-in wind speed (m/s)
	4

	Maximum operational wind speed (m/s)     
	25

	Rotor diameter (M)
	39

	Rotor Speed (RPM)
	30

	Weight (T)
	85

	Generator Type 
	Asynchronus

	Voltage 
	690

	Grid frequency 
	60hz 
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(MWPS, 2023)
[bookmark: _d61ydgd3vxi]Converter
Now that the wind turbine for the wind farm has been selected, the next item that will be needed is a converter we need a converter because there needs to be an effective means of converting the variable frequency output of an induction generator that is powered by a wind turbine that will have a variable speed to a fixed frequency that is suitable enough for the grid. The supplier that is going to be used is a company called ABB, and the converter that is going to be used is the ACS 880 and it costs around £10,000. 
Below is the data sheet for the converter
(figure 2 converter data sheet)
[image: ]
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(ABB, 2021)
[bookmark: _nl6aqro3brew]
Batteries
The wind farm will need a form of power storage, any power that is not used at certain points of the day can then be used to help the system in peak times by using some of the electricity that has been stored in the batteries or if electricity production has been less sufficient then it will help the system keep up with the demand of electricity to Llanrwst Valley.
The energy storage supplier that is going to be used is mtu-solutions, and the name of the energy storage system is called a mtu-energypack. A mtu energy pack will cost around £40,000. 
Below is the datasheet for the power storage
(figure 3 Battery datasheet)
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(MTU, 2023)
[bookmark: _xs3d42thx3cm]Cost of a Small Off-grid Wind Power System
[bookmark: _ysx5dg318hml]Total cost of the hardware
When calculating the cost of the Wind power system the first thing to take into account is the cost of all the hardware, just by adding the cost of each wind turbine the converter and a power storage system.
· Wind turbine £65,000 each
· Converter £10,000 each 
· Battery £40,000 each 
Total cost:

[bookmark: _dfdyu7j5tcwx]Total cost of maintenance 
Now that the cost of the hardware has been calculated, the maintenance cost of the hardware needs to be worked out including the wage of a technician that will be able to carry out maintenance and make sure everything is operational. It is to be assumed that the cost of spare parts is 3% of the total cost of the hardwear(yearly) and the yearly wage for a part time technician to carry out the maintenance on the wind farm is around £25,000 according to Glassdoor.co.uk. Below is the total yearly maintenance cost for the wind power system.

Wind Turbine spare parts 

This will be doubled when finding the total parts cost because there are two wind turbines 

Converter Spare Parts    


Battery Spare parts


Spareparts total 

Including the technicians wage the total maintenance cost is £30,400 per year.








[bookmark: _xbrj8snq05sc]Electricity Tariffs
In order to see if there is any cost saving compared to the electricity supplied by the national grid, the first thing that will need to be calculated is the cost of ten years worth of maintenance for the wind farm added onto the initial cost of purchasing the hard wear as there is a 0% interest rate on the capital there is no need to add a percentage of each yearly figure and initial set up cost in order to calculate the total bill. 
[bookmark: _yls0mvrnkb6]Calculating The Wind Farm Tariff 
First the cost of ten years of maintenance and the initial set up cost total needs to be calculated  
 
  
Next to get a total yearly cost this figures needs to be divided by the amount of cottages in the village. This will give us the total each person will have to pay over ten years to pay back the cost of setting up the windfarm and the cost of maintenance 

The yearly tariff for each cottage would be £403.33 
[bookmark: _4ju7oww3wjd4]Comparing The Wind Farm Tariff and The fixed electricity Tariff 
The total yearly cost for electricity to be provided by the wind farm is £400 per year which is a total of £243.07 a year cheaper than the £646.40 that the national grid charged before 2021 on a fixed rate tariff, however once the initial cost of the wind farms hardware has been paid off there is room for even more savings if you take the £180,000 out of the £484,000 that was calculated for the 10 year cost including the start up and divide the £304,000 by the amount of cottages which equates to £2533.33 over ten years which its £253.33 a year meaning that after the first initial 10 years the windfarm could generate a total saving of £393.07 per year for each household meaning that over the initial 10 years and the next ten years after the wind farm would have saved each household around £6,365 with an average saving over twenty years of £318.27.








[bookmark: _q8cj2w7cio88]Environmental Impacts and Benefits Of A Wind Farm
[bookmark: _6t2fseo7nq55]Benefits  
Carbon emissions are not released during wind energy generation. Carbon emissions from power plants that use fossil fuels can be replaced by electricity produced by wind energy, which can lower overall emissions.
It is also possible to reimburse the energy consumed in the production and installation of wind turbines rather rapidly. This can happen as quickly as six or eight months for a large wind turbine on a favourable site.
It is an extremely clean energy source since, when in use, it produces no waste or releases any pollution.
[bookmark: _33e95o96zent]Impacts 
While any negative effects are often noticed locally, wind energy has significant positive effects on the environment both nationally and globally.
Wind turbines may affect birds through collision, disturbance, or habitat degradation if they are placed improperly. As long as offshore and onshore wind power generation is situated and planned to have as little of an impact on bird populations as possible, the Royal Society for the Protection of Birds, or RSPB, has indicated that it supports a large increase in this sector in the UK. This entails keeping turbines away from significant ecosystems and migration routes.
Like bird populations, wind turbines can also be detrimental to bat numbers. When planning a wind energy project, the area under consideration's bat danger needs to be evaluated.
[bookmark: _bd8au8sadjlp](LGA, 2023)
[bookmark: _ps839u2g8cgz]Evaluation 
While there are negative impacts of the wind farm on the local environment, they aren’t impacts that will have too much of a negative and long lasting effect compared to the way electricity is being produced now, as long as there is a survey carried out and the wind turbines are placed in a position where they are most effective and where they are least impactful on the local ecosystem they have little to no negative effect on the environment the energy used to offset and put up the wind farm is eventually offset it then becomes a carbon neutral way to generate energy. 






[bookmark: _wmhljboc80aq]Solar Panel System  
[bookmark: _7u0gjmrk9euq]Cost of electricity before 2021
All the information for the cost of electricity can be found on page 5 as well as the table that shows the costs of the electricity tariff and an explanation on how those figures were achieved.
[bookmark: _5zixp2jbq67r]Justifying a Solar Panel System
Just like the wind power system, the environmental factors will have to be looked at to see if this electricity system is viable. An example of this would be the climate of the village. As shown buy (figure 4) the village has an extremely cloudy climate with 51% of days being cloudy in the height of summer, the solar panel still can generate electricity on days like this however it will affect the effectiveness of the generation and being as the rest of the months are over the 50% mark food cloud it seems that the climate may not suit this type of power generation. 
(figure 4) shows type of cloud 
[image: ]
(Weather Spark, 2021)

Another thing to look at is the information in (figure 5) the most amount of solar energy per square metre in June is 6.5 kWh, meaning you would need to fill a space of up to 1000 square metres of land of just solar panels just to generate enough electricity in the sunniest month of the year.
(figure 5) shows solar energy per square metre. 
[image: ]
(Weather Spark, 2021)
Just by looking at these figures a solar panel system cannot be justified. It would cost a lot more than the wind farm to set up and cost the village more on electricity than the fossil fuel generated electricity does. 
[bookmark: _5qp874emkiv7]Conclusion
In conclusion the wind farm would be the best option for the village of Llanrwst Valley because it would be more cost effective to build the wind farm and it would also take up a lot less land, there will be big savings for the local people in energy cost that will improve the local economy because more people will be able to spend money on local businesses by the savings generated by having the wind farm and it will be able to meet and exceed the energy demands of the village without having to take up as much land. It is also cheaper than the energy that would be provided by the national grid and it is also a lot greener than the energy supplied by them too.
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