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Introduction 
 

The United Kingdom has relied on natural gasses supplied from Russia for years however due 

to the Ukraine war, these supplies have been suspended. This has led to rising energy prices in 

turn accelerating the cost-of-living crisis; increasing food and energy poverty; and increasing 

social unrest. 

With the rising prices of natural gas energy as well as worries about its effect on the 

environment more and more people are looking to renewable energy sources. There are a 

number of small villages in north Wales with a low power demand (8-10kW per household) 

and high potential for wind or solar power source. 

A rural village in the south of the town of Colwyn Bay (Llanrwst valley) in north Wales suffers 

from a shortage of electrical power supply. The local village council decided to look at 

harvesting the potential energy resources in the area to generate reliable and adequate electrical 

power that can supply the village with electricity 24 hours a day for a whole year. For this brief 

we will be looking into a sustainable energy source for the village and look at the total cost and 

payback period for the project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Google Maps, 2023) 
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Energy Consumption and Power Demands 
 

Per day 

 

Per week 
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Per month 

 

 

Per year 
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Per 10 years 
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Energy consumption cost 

 (Gallizzi, 2023) 

 

Total price of energy for Llanrwst  

From the taken average for north Wales being 28.6p / kWh we can calculate that: 

the cost of energy for a day: 

28.6𝑝 × 1,980𝑘𝑊ℎ = 56,628p or £ 566.28 

 

The cost of energy per year: 

£566.28 × 365 = £206,692.20 

 

The cost per 10 years: 

£206,692.20 × 10 = £2,066,922  
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Solar Option 
 

How do solar panels work? 

A solar panel utilises solar cells or photovoltaic cells in order to harness solar energy from the 

sun and convert it into electricity. These photovoltaic cells use semi conductive materials such 

as silicon to absorb a portion of the sun’s rays and the absorbed energy will knock electrons 

loose allowing them to flow freely. The cells will then use electric fields to force the electrons 

in a certain direction creating current which can then be drawn off using metal plates attached 

to the top and bottom of the cell. (Krisciunas, 2023) 

 

Calculations 

Average direct sunlight per day for Llanrwst (1991 – 2021) 

 

(climate-data, n.d.) 

The average solar panel has a power output rating of 250 to 400 watts (W). (David, 2023) 

The months with the lowest averages are January and December with 3.3hrs of direct sunlight. 

3.3ℎ𝑟𝑠 ×  400 = 1,320Wh or 1.32kWh per day minimum 

 

However, this is not the final Wattage as solar panels come with several energy losses. 

Solar panel systems efficiency losses: 

 

 

Deduct potential power loss 1,320W – 26.5% = 970.2W or 0.972kW 

So the amount of solar panels need for a day would be: 

1,980𝑘𝑊ℎ

0.972kWh
= 2038 solar panels  

https://www.sunrun.com/go-solar-center/solar-articles/how-much-solar-power-can-my-roof-generate
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Using the price for this 400w solar panel we can calculate the total cost. 

 

(renugen, 2023) 

 

 

Total cost: 

2038 𝑝𝑎𝑛𝑒𝑙𝑠 × £122.60 = £249,858.80 

An issue facing solar option is the space requirement for the panels. 

Each solar panel area: 

104.8 × 210.8cm = 22092c𝑚2 or 2.21𝑚2  

 

Assuming each solar panel will be 2m apart: 

304.8 × 410.8cm = 125,212 c𝑚2 or 12.52𝑚2 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 𝑛𝑒𝑒𝑑𝑒𝑑 = 12.52𝑚2 × 2038 = 25,516 𝑚2 minimum 
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Wind option 

How do wind turbines work? 

A wind turbine utilises the kinetic energy of wind to make mechanical energy followed by 

electrical energy. This usually incorporates 3 or more angled blades placed on a central hub 

that are moved in a certain direction by the wind. The central hub is rotated by the blades which 

in turn rotates a shaft that connects to a gearbox which turns a generator creating electrical 

energy to be collected.  

The Blades: 

The blade of a wind turbine has a number of airfoil cross-sections in different shapes and sizes 

along the blade. These airfoils will produce lift on one side of the blade when wind travels over 

it causing the blades to spin around a central hub. The angle of the blade directly corresponds 

to the speed of the wind. There is a gradual twist in the blade as you reach the tip which is to 

account for the velocity of the blade increasing as you reach the tip. 

The Gearbox:  

The central hub is connected to a gearbox instead of directly to the generator as the hub will 

spin at a very low rpm due to the side of the blades and mechanical strain. The gearbox utilises 

a planetary gear set arrangement in order to produce a high rpm shaft that connects to the 

generator. A break sits between the gearbox and generator and is there in order to slow the 

turbine down during demanding wind speeds. 

The Generator:  

A generator is spun allowing for electricity to be run down through wires to the step up 

transformer at the base of the wind turbine. However if the wind turbine is speed varying the 

ac signal will have a lot of fluctuations and so it needs to be converted to DC and then back to 

a more reliable AC signal. 

Velocity Sensor: 

In order to account for changes in wind speed and direction the wind turbine is fitted with a 

velocity sensor that measures the wind speed and direction. The sensor will then tell the wind 

turbine’s electronic control unit (ECU) to make adjustments to the wind turbine’s yaw allowing 

for the wind turbine to always be facing the wind. It will also tell the brake to engage basted 

on the wind speed to avoid damage to the turbine. 

(Grogg, 2005) 
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Wind Turbine Location 

In order for the wind turbine to be most efficient it should be built at a higher altitude 1.8 

kilometres West of Llanrwst as Llanrwst its self is sheltered from the wind due to the 

surrounding mountains. At this location the wind speed is an average of 8m/s. 

 

 

 

 

 

 

 

 

 

(calcmaps, 2023) 

(globalwindatlas, 2023) 

 

 
Due to the location being a distance a way form the village we need to look into how the energy 

will be transferred to the village 

price of overhead lines: 

132kV overhead line £150k per km (Brechfa Forest Connection, 2014) 

 

1.84𝑘𝑚 × £150,000.00 = £276,000.00 
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Wind turbine options 

 

 

Endurance  E-3120 
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(earthmill, 2023) 

 

 

 

Calculations: 

Total wind turbines needed 

761,100kWh 

269,900 kWh
= 2.8 so 3 turbines 

 

Total cost:  

Price of turbine = £250,000 

The price for all turbines needed would be: 

£250,000.00 × 3 = £750,000.00 

(hitwind, 2014) 
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Aeolos Wind Turbine 100kW 

(windturbinestar, n.d.) 
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Calculations: 

Total wind turbines needed 

761,100kWh 

434,000 kWh
= 1.7 so 2 turbines 

 

Total cost:  

Using the typical cost of a 100kw which is £345,000 

The price for all turbines needed would be: 

£345,000.00 × 2 = £690,000.00 

(checkatrade, 2023) 
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Bonus B44/600 
 

 

 

 

 

 

 

 

 

 

 

 

 

(wind-turbine-models, 2023) 
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Energy production at 8m/s  

 

 

 

Calculations: 

Total wind turbines needed 

761,100kWh 

 1,769,520 kWh
= 0.4 so 1 turbine 

 

Total cost: 

“The costs for a utility scale wind turbine range from about $1.3 million to $2.2 million per 

MW of nameplate capacity installed” (windustry, n.d.) 

 

Using the average price from this quote we can find the total cost per MW 

1.3 + 2.2

2
= £1.75mil per MW 

600kW turbine is 0.6MW 

£1,75𝑚𝑖𝑙 × 0.6𝑀𝑊 = £1,050,000 
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Chosen turbine 

 

 

After looking at the options I believe that the Aeolos Wind Turbine will be the best option as 

it has the lowest total cost, some energy overproduction that can be sold back to the grid. It 

also has 2 turbines in case of failure and a charge controller built in. 
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Energy storage 
 

Now that energy is being produced by the turbine a place to store it is required. This is because 

of the unpredictable nature of wind meaning that the turbine may have days where it will not 

produce as much wind due to the conditions of wind speed. In contrast there could be days 

where more wind energy is being produced than required for the town. There are a number of 

options for storing energy all with positives and negatives. So, we will need a storage system 

with minimum 2 days of backup energy. 

The options are as follows: 

 

Battery Storage 

Store the energy in several batteries. This is often used in solar farms as well and are suitable 

for trickle charging and have a high output efficiency. This option is cheap as well as having a 

low maintenance cost. 

 

Compressed Air Storage 

This solution requires the wind turbine to compress air to be stored in a large tank. When the 

wind turbine is non operational the compressed air can be expanded in order to power a 

compressed air motor or mixed with fuel to create an air fuel mixture which is combusted in 

an internal combustion turbine to produce mechanical energy. Issues with this solution is it 

quite complicated as you have to introduce a way to compress the air and also introduce an 

internal combustion turbine or compressed air motor which will bring costs up. There also 

arises the problem of finding space for the storage tank. 

 

Hydrogen Fuel Cells 

Another option is hydrogen fuel cells where a hydrogen generator will electrolyse water using 

power from the wind turbine. The hydrogen produced can then be harnessed for energy by use 

of a fuel cell power system when needed. This solution poses the problem of having to be 

located near a water supply as well as again bringing costs up with the inclusion of a hydrogen 

generator, water pump etc. 

(Arnold, 2014) 

 

Looking at these options, battery storage is the most appropriate option for the circumstance 

due to its simple nature and relatively low cost. 
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What is needed for battery storage? 

First the type of battery must be chosen, there are 3 different battery systems that can be used. 

With each being subdivided into different types of battery. 

The first system is a DC battery system. This will store energy DC (Direct Current) and will 

require an inverter in order to convert it from DC to AC for the town as well as requiring 

another invertor (AC to DC) as the wind turbines chosen will produce AC.  

The second option is AC battery system. Which will store AC (Alternating Current) and will 

probably be the best option as no inverters will be required allowing for less energy loss, lower 

cost and less complexity.  

The final system is a hybrid battery system. Which has the best of both world however for this 

situation we have no desire to withdraw or store DC so there is no need to chose this over an 

AC system.  

(calderelectricalservices, n.d.) 

 

Because the AC signal coming from the wind turbine will need to be changed to DC then back 

to AC (for a smooth signal) I have chosen for the battery system to be DC and intercept the 

signal before it is changed back to AC. It will then then be stepped up and sent through an 

inverter for the desired 230V AC of mains. 

 

Charge Controller 

Another thing that needs to be considered is having a charge controller which is needed for the 

batteries not be over charged and get damaged. It does this by measuring the voltage of the 

batteries and when they are full send the excess energy to a load dump. In this case the chosen 

wind turbine is already fitted with a PWM dump load system so there is no need for an 

additional controller.  

(midsummerenergy, n.d.) 
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Battery Type 

Furthermore the battery type needs to be chosen as there are several options. 

These options include: 

 

Lead-Acid – these batteries has a lower energy density however are cheaper and have good 

reliability  

 

Lithium-Ion – this type of battery have very good energy density however this comes at a 

higher cost and due to thermal runaway these batteries have a chance of catching fire if not 

connected properly. 

 

Nickel-Cadmium – these batteries are often used in industrial settings as they are very durable 

and stand up to cold temperatures very well. they also have low maintenance requirements. 

However cadmium is a highly toxic element that, if not disposed of properly, can have a 

significant negative impact on our environment. 

 

Flow – flow batteries utilise electrolysed liquid to form a chemical reaction that produces 

electricity. Due to this they have low energy density and large storage space required for the 

liquid which makes them more costly. 

(Crail, 2023) 

 

For the storage system Nickel-Cadmium batteries will be used as they are very durable in cold 

weather, which is often prevalent in North Wales and have a low maintenance requirement yet 

high lifespan. 
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Chosen battery 

 

(alibaba, n.d.) 

 

(renolit, n.d.) 

(Spiers, 2012) 

(Rooij, n.d.) 
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Chosen Inverter 

Victron 48V 5000VA Inverter: 
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(victronenergy, n.d.) 
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The size of the inverter should be twice the size of the load (mercurydirect, n.d.) 

power demand per day = 82.6kW 

82.6𝑘𝑊 × 2 = 165.2 

Each inverter has a peak power of 10kW 

165.2𝑘𝑊

10𝑘𝑊
= 16.52 𝑜𝑟 17 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟𝑠 

 

£1,667.75 per inverter (climbingvan, n.d.) 

Total cost = £1,667.75 × 17 = £28,351.75 

 

 

Battery calculations 

For the system the inverter requires 48V so some of the batteries will need to be connected in 

series and others in parallel to get the desired voltage and Amperage. 

48𝑉

1.2𝑉
= 40 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 𝑖𝑛 𝑠𝑒𝑟𝑖𝑒𝑠 

𝑒𝑛𝑒𝑟𝑔𝑦 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 𝑝𝑒𝑟 𝑑𝑎𝑦 ×𝑏𝑎𝑐𝑘𝑢𝑝 𝑑𝑎𝑦𝑠

𝑠𝑦𝑠𝑡𝑒𝑚 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 × 𝑑𝑒𝑝𝑡ℎ 𝑜𝑓 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 × 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑒𝑓𝑓𝑒𝑐𝑖𝑒𝑛𝑐𝑦 × 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑒𝑓𝑓𝑒𝑐𝑖𝑒𝑛𝑐𝑦
 = required capacity 

 

1,980,000𝑊ℎ × 2 𝑑𝑎𝑦𝑠

48𝑉 × 0.9 (90%)× 0.8 (80%)× 0.96 (96%)
 = 119,358 ah 

 

119,358𝑎ℎ

40
= 2984𝑎ℎ 

2984𝑎ℎ

100𝑎ℎ
= 29.84 𝑜𝑟 30 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 𝑖𝑛 𝑝𝑎𝑟𝑟𝑎𝑙𝑙𝑒𝑙 

 

𝑡𝑜𝑡𝑎𝑙 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 = 30 × 40 = 1200 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 

 

𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 = 1200 × £38.24 = £45,888.00 

 

Cost of installation 
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Cost of maintenance 
The wind farm will need 2 technicians to maintain the wind turbines  

 

(indeed, 2023) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Overproduction 
 

The 2 wind turbines together will produce more energy than is required for the town. This 

means the that the energy left over can be sold back to the grid though the SEG (Smart Export 

Guarantee) scheme.  
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Using the rate provided from Octopus Energy of 15p/kWh we can calculate the total sale value 

of the excess energy. 

434,000kWh annually per turbine 

434,000𝑘𝑊ℎ × 2 = 868,000𝑘𝑊ℎ 

868,000𝑘𝑤ℎ − 761,100𝑘𝑊ℎ(𝑦𝑒𝑎𝑟𝑙𝑦 𝑑𝑒𝑚𝑎𝑛𝑑) = 106,900𝑘𝑊ℎ 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎 𝑒𝑛𝑒𝑟𝑔𝑦 

106,900𝑘𝑊ℎ × 15𝑝 = 1,603,500𝑝 𝑜𝑟 £16,035.00 

(vision2030, 2023) 

 

 

maintenance cost 2% of original installation price (windmeasurementinternational, n.d.) 

£1,040,239.75 × 0.02 = £20,804.80 

 

 

 

Payback period 
Annual cost of energy from natural gasses = £206,692.20 

£206,692.20 − £65,797.80 = £140,894.40 𝑠𝑎𝑣𝑒𝑑 𝑎𝑛𝑛𝑢𝑎𝑙𝑦 

£1,040,239.75

£140,894.40
= 7.4 𝑜𝑟 8 𝑦𝑒𝑎𝑟𝑠  

 

 

 

 

 

Environmental impact 
 

There are many benefits for utilizing wind power not just for the town but also for the 

environment. Wind energy is by far one of the best power sources for the environment but how 

does it compare to other common sources. Compared to energy from natural gasses wind 

energy does not require fossil fuels, reducing pollution. Nor does it require water in order for 

cooling or to rotate a turbine like with hydropower.  
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However, there are still some drawbacks that come with wind power. One of these drawbacks 

being the wind itself, wind is a temperamental source and there is not always a guarantee that 

it will be windy that day and whilst you can heighten the chances by building the turbine in an 

often-windy location it is still up to mother nature.  

Another issue that arises with wind turbines is its size, often being large structures requiring 

far more land space when compared to fossil fuels, this can have some negative effects on the 

surrounding environment. Wind turbines have been caught catching fire as well as leaking 

lubricant which can lead to devastating effects on the nearby wildlife (eia, 2022). They’re tall 

nature and rotating blades have often lead to the death of flying animals such as birds and bats 

(ucsusa.org, 2013). However these effects are not exclusive to wind energy with options like 

solar farms taking up large amounts of land as well.  

An issue solar farms don’t face that wind farms do is noise pollution. Wind turbines have been 

known to make some noise that comes with the spinning blades which can become irritable to 

locals (maine, n.d.), however in the case of Llanrwst the turbines are set up far from local 

housing and so this should not be an issue. 
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