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[bookmark: _Toc221225742] Abstract
This project presents the design of an off-grid wind energy system for a rural village in North Wales. The study evaluates energy demand, wind resource availability, system sizing and economic and environmental performance. The result show that the proposed system is technically feasible and provides a suitable solution for supplying electricity to remote communities.

[bookmark: _Toc221225743]Introduction

Electricity supply (net zero, 2021) these challenges are commonly caused by ageing infrastructure, geographical constrains, and the high costs associated with extending the national electricity grid to remote location. In recent years, energy price volatility and the global commitment to reduce greenhouse gas emissions have further increased the need for alternative and suitable energy solution. In the United Kingdom, the transition toward low-carbon energy system is a key part of the national strategy to achieve Net Zero Carbon emissions by 20 50.

Many rural areas in North Wales experience strong and consistent wind resources, making wand energy available option for electricity generation (renewable, 2025). Off-grid renewable energy system provides an effective solution for such area by reducing dependence on the national grid while improving energy security and long-term cost stability. wind every system are well suited to rural environment due to their ability to generate electricity throughout the day and across different seasons (onshore wind, 2026)
This project focuses on a rural village located near Bethesda, North Wales, which currently suffers from an unreliable electrical power supply. The village consists of residential cottages, community service buildings, local shops, and street lighting, all of which require a continuous and reliable electricity supply. The aim of this report is to design a small-scale off-grid wind energy system capable of meeting the total electricity demand of the village. The proposed system will be assessed in term of technical feasibility, economic viability, and environmental impact, providing a sustainable and reliable solution for the long-term rural electrification
[bookmark: _Toc221225744]village energy demand calculation

Based on the energy consumption figures provided in the coursework specification, the total electrical energy demand of the village is calculated using standard load estimation equations. The daily energy consumption for each category is determined first, followed by the calculation of the annual energy demand. 

Where: -

N - is the number of the item 
E - is the average daily energy demand 


Daily demand = N X E

Cottage Energy demand = 120 x 12 =1440 KWh/day 
community building demand = 130+220+150 + 180+(757) =690.7 KWh/day
shop energy demand = 
street lighting energy demand =
total daily energy demand 
the total annual energy demand is calculated by multiplying the daily energy demand by the number of the days in the year:
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[bookmark: _Toc221225745]National grid electricity cost (10 years calculation)
To evaluate the economic feasibility of the proposed off-grid wind energy system, it is necessary to calculate the cost of supplying the village's electricity demand from the UK National Grid over a period of 10 years. This provides a baseline for comparison between conventional grid electricity and the proposed renewable energy solution, electricity unit rate at the end of 2021 ranged between 18 and 21 pence per kWh. For this analysis, an average electricity tariff of £0.20 per kWh is assumed. This value represents a reasonable and widely accepted estimate for pre-2022 UK electricity prices and is used to simplify long-term cost comparison (ofgem, 2019)
Based on the result obtained in the previous section, the total annual electrical energy demand of the village is:

According to UK electricity price data at the end of 2021(prior to the Ukraine war), the average domestic electricity tariff was approximately £0.20 per KWh. This value is assumed to remain fixed over the 10 years period, as stated in the coursework specification. 
The annual cost of the electricity supplied by the national grid is calculated as:


The total cost of electricity supplied by the national grid over 10 years is calculated as:



[bookmark: _Toc221225746]Justification of choosing a wind energy system 
Wind energy was selected for this project due to the favourable wind conditions in North Wales, which is recognised as one of the windiest regions in the United Kingdom (Climate and Average Weather Year Round in Bethesda, 2025). The availability of strong and consistent wind resources makes wind power a suitable option for supplying electricity to rural and isolated communities.

A key advantage of wind energy is its ability to generate electricity throughout the day and night, improving supply reliability compared to solar-only systems. This characteristic is particularly important for off-grid applications where continuous power availability is required.

In addition, wind energy systems have relatively low operational emissions and support the United Kingdom's transition towards low-carbon energy generation. By utilising local renewable resources, the proposed wind power system reduces reliance on the National Grid and enhances long-term energy security for the village.
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The selected site, North Wales is recognised as one of the windiest region in the United Kingdom, particularly in rural and elevated areas making it suitable for off-grid wind power generator. 

Where:
P: is the wind power
 P is the air density 
A: is the area of the turbine 
V: is the wind speed 
This equation is presented to demonstrate the theoretical relationship between wind speed and power generation and to justify the suitability of the site for wind energy applications, rather than to perform detailed numerical sizing at this stage (wind energy and power calculation, n.d.)
Seasonal wind pattern in North, wales generally show higher wind speed during winter months, which supports reliable electricity generation throughout the year. Based on regional wind data and the established use of wind turbines in similar UK location, wind energy is considered a technically viable solution for suppling the village’s electricity demand. 

[bookmark: _Toc221225747]Choosing realistic wind turbines rating
1. The D2CF 200 wind turbine is manufactured by Aeolia Windtech. an Italian company founded in 2013. The turbine has a rated power output of 200 kW, with a cut-in wind speed of 3 m/s and a cut-out wind speed of 20 m/s.
The turbine employs a single synchronous permanent-magnet generator with a maximum speed of 500 rpm, operating at 400 V and a grid frequency of 50 Hz. The tower is constructed from tubular steel and protected against corrosion through a painted coating. Power performance data, including the power curve, is available within the system.
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(Silvio Matysik, 2011)
[image: ]
I assumed 5.8m/s is 80% of the way from 5 to 6. 
The excel formula becomes:



2. The E-33/300 wind turbine is produced by Enercon GmbH, a German manufacturer established in 1984. The turbine has a rated power of 300 kW, with a cut-in wind speed of 3.0 m/s and a cut-out wind speed of 25.0 m/s.
The E-33/300 is equipped with a single synchronous generator operating at a mains frequency of 50 Hz. The tower is constructed of concrete and supplied by Pfleiderer.
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(wind turbine model, 2013)
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I assumed 5.8m/s is 80% of the way from 5 to 6. 
The excel formula becomes:



3. The Suzlon S 33-350 wind turbine has a rated power output of 350 kW, with a cut-in wind speed of 3.5 m/s and a cut-out wind speed of 25.0 m/s. The S 33-350 employs a single asynchronous generator with a maximum speed of 1,006 rpm, operating at a voltage of 400 V and a grid frequency of 50 Hz. The tower structure is of lattice design and is protected against corrosion by galvanization.
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(wind turbine models, 2013)
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I assumed 5.8m/s is 80% of the way from 5 to 6. 
The excel formula becomes:



4. The T400-34 wind turbine was manufactured by TURBOWINDS SA/NV, a Belgian company founded in 1985. The manufacturer ceased operations in 2018 following its acquisition by DS-Wind. The turbine has a rated power output of 400 kW, with a cut-in wind speed of 3 m/s and a cut-out wind speed of 25 m/s. The T400-34 is equipped with a single asynchronous generator with a maximum speed of 1,500 rpm, operating at 690 V and a grid frequency of 50 Hz. The tower is constructed from tubular steel and protected against corrosion by a painted coating.
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(wind turbine models, 2013)
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I assumed 5.8m/s is 80% of the way from 5 to 6. 
The excel formula becomes:




Based on the estimated annual energy production per turbine and the total annual energy demand of the village, four wind turbine are required to ensure that the electricity demand is fully met. The number of the turbines is rounded up to maintain supply reliable in an off-grid system. 


[bookmark: _Toc221225748]Turbine prices 
The capital cost of the selected wind turbine is estimated using typical onshore wind project cost reported for the UK and European markets. Due to the lack of publicly available manufacture pricing, industry-average cost range are adopted. These estimates include turbine supply, tower, foundations and installation, and are considered suitable for preliminary economic analysis. (Atkinson, 2025)
	Turbine model
	Rated power (KW)
	Estimated cost per unit £
	Cost per turbine (assumed)

	D2FC
	200
	450,000-550,000
	500,000

	Enercon E-33
	300
	600,000-700,000
	650,000

	Suzlon S33-
	350
	650,000-800,000
	725,000

	350TURBOWINDS T-400-34
	400
	750,000-900,000
	825,000

	Total cost 
	
	
	2,700,000



For each turbine model, a representative capital cost is selected from the estimated price range. The mid-range value is adopted to provide a balanced and realistic cost assumption suitable for preliminary economic analysis. 

[bookmark: _Toc221225749]Battery  
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(made in china , 2026)
[bookmark: _Toc221225750]Inverter selection and sizing 
the inverter is the storage system into AC power suitable for supplying village loads al low-voltage level(220-230V). the inverter must be sized to safely handle the maximum expected load and provide reliable operation under peak demand conditions. 

Total daily energy demand= 2963.2 KWh/day 

The avarage power demand is calculated as 



[bookmark: _Toc221225751]Voltage level and switchgear
Low-voltage switchgear is used to control, protect, and isolate the electrical circuits within the off-grid system. The switchgear operates at 220-230V AC and is installed at the main distribution point suppling the village loads. 

The primary function of the low-voltage switchgear include:
1. Safe connection and disconnection of loads 
2. Protection against overcurrent and short circuit faults 
3. Isolation of faulty section for maintenance 
4. Protection of equipment and users 

[bookmark: _Toc221225752]Battery storage and sizing 
For an off-grid wind energy system, battery storage is required to ensure continuity of supply during period of low wind speed. The battery system is designed to provide sufficient energy autonomy while maintaining acceptable battery lifetime and system reliability 
Sizing:

A= amp-hour capacity of a battery bank 
P= power require for rural village = 123.5 W
T= working days (2 days ) = 48 hours 
DoD= depth of discharge = 0.8 


V= battery storage voltage = 1497.6 V (range)

Convert AH to KWh:


Number of the battery =

	Parameter 
	Value 

	Battery unit size 
	1000KWh

	Battery type 
	Lithium-ion

	Number of batteries
	10 units 

	Estimated cost per unit
	£273,402

	Total cost 
	£2,734,020




[bookmark: _Toc221225753]Protection device
 the following protection device are incorporated into the low-voltage switchgear system. 
· Circuit Breakers (MCBs and MCCBs):
Used to protect distribution feeders and individual load circuits against overcurrent and short circuits.
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· Residual Current Devices (RCDs):
Provide protection against electric shock by disconnecting the supply in the event of earth leakage currents
[image: A white electrical device with red button
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· Surge Protection Devices (SPDs):
Protect sensitive electrical equipment from voltage surges caused by lightning or switching operations, particularly important for wind energy systems.
[image: A white electrical device with green lights
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· Earthing and Grounding System:
Ensures safe dissipation of fault currents and protects users and equipment from dangerous touch 

[bookmark: _Toc221225754]Total system cost and maintenance cost
Capital cost estimation
The total capital cost of the proposed off-grid wind energy system is estimated by summing the cost of the main system components, including wind turbine, battery storage, inverter and low-voltage switchgear. All costs are approximate and based on representative market price suitable for preliminary design analysis 
Wind turbine cost 
Four wind turbines are selected for the system, with representative mid-range costs as summarised below 
	Turbine model
	Rated power (KW)
	Cost per turbine (assumed)

	D2FC
	200
	500,000

	Enercon E-33
	300
	650,000

	Suzlon S33-
	350
	725,000

	350TURBOWINDS T-400-34
	400
	825,000

	Total cost 
	
	2,700,000



Inverter cost 
A 250-kW bidirectional off-grid inverter is selected to supply the village loads. Based on typical industrial inverter pricing:
Estimated inverter cost: £80,000
(This includes power electronics, control system, and installation allowance.)
Switchgear and protection cost 
Low-voltage switchgear, protection device, cabling and grounding system are required for safe distribution of power throughout the village. 
Estimated switchgear and protection cost: £50,000

[bookmark: _Toc221225755]Total capital cost 
The total price calculated as:


[bookmark: _Toc221225756]Operation and maintenance cost 
Operation and maintenance (O&M) costs include routine inspection, servicing, and minor repairs of wind turbines, batteries, and electrical equipment. For preliminary analysis, annual O&M costs are typically estimated as a percentage of the total capital cost.
An annual maintenance cost of 3% of the total capital cost is assumed:

[bookmark: _Toc221225757]Payback period calculation 
Step 1/ Reminder of Key Values
From previous sections:
· Total capital cost of wind system:


· Annual electricity cost from National Grid:


· Annual operation & maintenance cost (3%):
 per year 

Step 2/ annual saving 
The annual financial saving achieved by using the off-grid wind system instead of the National Grid is calculated as:


monthly fee per cottage 
Step 1/ annual cost to be recovered:
monthly fee per cottage 
Step 1/ annual cost to be recovered:

Step2/ cost per cottage per year:
Number of cottages:
N = 120 

Step3/ Monthly fee per cottage:

The monthly electricity fee per household is calculated based on the annual operation and maintenance cost of the system. Assuming the cost is equally shared between 120 cottages, each household would contribute approximately £99 per month to cover system operation, maintenance, and long-term reliability.
[bookmark: _Toc221225758]Cost Comparison – Wind Energy System vs National Grid
National Grid (10 years):
· Annual electricity cost: £216,314
· Total over 10 years:

Off-Grid Wind Energy System:
· Capital cost: £4,743,814
· Annual O&M cost: £142,314
· O&M over 10 years:

· Total wind system cost (10 years):
Over a 10-year period, electricity supplied by the National Grid is significantly cheaper than the off-grid wind energy system. This is primarily due to the high initial capital investment required for wind turbines, battery storage, and power electronics.
[bookmark: _Toc221225759]Environmental Impact Assessment
The proposed off-grid wind energy system offers significant environmental benefits compared to conventional electricity generation from fossil fuel-based sources. Wind energy is a renewable and clean source of power that produces no direct greenhouse gas emissions during operation.
One of the main environmental advantages of wind power is the reduction in carbon dioxide (CO₂) emissions. Electricity generated from the National Grid in the UK is still partially dependent on gas-fired power stations, which emit CO₂ and contribute to climate change. By replacing grid electricity with locally generated wind energy, the overall carbon footprint of the village is significantly reduced.
According to UK Government statistics, the average carbon intensity of grid electricity is approximately 0.20 kg CO₂ per kWh. Based on the village’s annual electricity demand of 1,081,568 kWh, the use of wind energy can avoid approximately:

This represents a substantial environmental benefit over the system lifetime (A.K. Akellaa, 2008).
[bookmark: _Toc221225760]Conclusion 
This project presented the design and evaluation of an off-grid wind energy system to supply electricity to a rural village in North Wales. The study included load assessment, wind resource analysis, turbine selection, battery storage sizing, inverter and switchgear design, and a comprehensive economic and environmental evaluation.
The results show that the proposed wind energy system is technically feasible and capable of meeting the village’s electricity demand with a high level of reliability. Although the initial capital cost of the off-grid system is higher than the cost of electricity supplied by the National Grid over a 10-year period, the system provides long-term benefits such as energy independence, reduced exposure to future electricity price increases, and significant reductions in carbon emissions.
Overall, the proposed off-grid wind energy system represents a sustainable and environmentally responsible solution for electrifying remote rural communities where grid connection is impractical or undesirable.
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detales numbers  kWh/itme KWh/day kWh/ year Kwh/10 years

small cottages 120 12/ per cottage 1440 525600 5256000
primary school 1 130 130 47450 474500
library 1 150 150 54750 547500
health clinic 1 220 220 80300 803000
community centre 1 180 180 65700 657000
worship 1 75 kWhiweek 107 3905.5 39055
local shops 4 180/per shop 720 262800 2628000
traffic lights 45 2.5 /per light 1125 410625 410625

total 680 29632 1081568 10815680
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the avarage wind speed for Bethesda in north wales
Average
Wind Average Wind

Month Speed  Speed (m/s)
(mph)
anuary 164 73
February 152 68
March 138 62
April 117 52
May 11 49
une 103 46
uly 103 46
August 11 49
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November 15 67
December 159 71

otal 5.833333333
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