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[bookmark: _Toc221026797]Abstract
This report presents the design of an off-grid rural renewable energy farm for a small village near Bethesda in North Wales. The solution is to provide a reliable 24-hour electricity supply for 120 cottages, several community buildings, 4 shops, and street lighting, using local renewable resources. The chosen system employs wind power (two 250 kW B.Ventus wind turbines) with battery storage, ensuring energy self-sufficiency and economic viability over a 10-year span. Key aspects include an assessment of the site’s wind resource, justification for wind turbines over solar PV regarding Bethesda’s climate, detailed component selection (turbines, converters, switchgear, batteries, protection), and a full cost analysis. The design is to be evaluated in terms of performance, reliability, costs, and environmental impact. Results indicate that the wind-based solution can meet the village’s approximate 1.08 GWh annual demand with high reliability. Over 10 years, the overall cost of energy from the wind farm is competitive with (and after payback, lower than) grid electricity costs at 2021 tariffs. This makes the project not only sustainable, but also economically beneficial in the long term. The report concludes with recommendations for implementation and possible future scalability. The report is supported by calculations, data tables, and appendices.
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[bookmark: _Toc221026800]Introduction
Rural communities can struggle to access stable and affordable electricity. The village near Bethesda, North Wales, experiences unreliable energy supply due to its remote and environmental conditions #. With around 120 households and several public buildings, the estimated annual electricity demand is approximately 1.08GWh, or around 2963kWh/day or an average load of 123.5kW. In addition to homes, buildings such as a primary school, clinic, place of worship, community centre, and multiple streetlights contribute to the total demand.
This report shows the design of an off-grid renewable energy system capable of meeting the village’s full energy needs. The system must deliver continuous power year-round, be cost-effective, and require minimal maintenance. Two forms of generation were considered: wind and solar PV. Based on Bethesda’s strong wind resource and limited solar potential, wind energy was selected.
The approach involved conducting a wind survey and creating the village load overview. Based on these findings, a suitable wind turbine was selected, determined the number required, and sized a lithium battery storage system for load balancing and reliability. Supporting infrastructure was specified, including inverters, protection systems, and a local low-voltage distribution network. A cost analysis was conducted to estimate operational costs and to compare the 10-year payback cost of the wind system with grid electricity at 2021 prices.
This report provides detailed calculations for capacity factor, energy yield, storage sizing, etc. Financial breakdowns and environmental impacts are discussed, with technical data in the appendices. The proposed wind-battery system demonstrates a viable path to energy self-sufficiency for the village.
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[bookmark: _Toc221026778]Figure 1: Summary of Village Energy and Power Requirements
Figure 1 shows the village demand, giving a total requirement of 1.08GWh/Year. Cottages account for the largest share of demand, with community buildings and street lighting being the remainder.
The total energy shown in Figure 1 shows the total average energy, not peak energy. Therefore, calculations are based on the daily usage across the year, not short periods where demand may spike, such as in winter. Due to this, the system design includes enough battery storage to manage these changes and maintain a stable supply.
In addition to energy demand, Figure 1 also includes the cost of electricity when supplied by the National Grid, based on a fixed pre-Ukraine war tariff (Department for Energy Security & Net Zero, 2024). This price provides a baseline for comparing long-term energy costs between grid electricity and the off-grid renewable system.



The calculations for Total Energy/day (kWh) for each of the buildings are (Using only the cottages row as an example):




The calculations for Total Energy/year (kWh) for each of the buildings are (Using only the cottages row as an example):




The calculations for Total Energy/year (kWh):




The calculations for Cost of Energy/year (kWh) using fixed tariff price of 22.35p/kWh (£):




The calculations for Continuous Average Power Load (kWh):





[bookmark: _Toc221026803]Solar Resource Assessment
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[bookmark: _Toc221026779]Figure 2: Bethesda Data of Sunny, Cloudy, Overcast, and Rainy Days
Figure 2 created using data gathered from (Meteoblue, 2025), shows the weather conditions in Bethesda across a typical year. 
As shown in Figure 2, Bethesda experiences a low proportion of sunny/clear days (2%), with a significant number of cloudy days (73.5%) or overcast (24.5%). This weather pattern reduces the consistency and reliability of solar irradiance in the year (Skoplaki and Palyvos, 2009), especially in the autumn and winter months.
The amount and consistency of cloud cover and rainfall shown in Figure 2 suggests that solar energy alone would struggle to meet the village’s demand without massive amounts of solar panels and battery storage. For further information on the principle of solar energy, (see Appendix F)



The calculations for the Total Annual number of days (Using only the Sunny/Clear days as an example):




Calculation of percentage of clear, cloudy, and overcast days in the year (Using the clear days as an example):
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[bookmark: _Toc221026780]Figure 3: Data of the Average Wind Speed of the Months and Year
Wind data for Bethesda shows consistently high wind speeds throughout the year, with an annual average above typical turbine cut-in value of 3m/s. Higher wind speeds occur during autumn and winter, aligning well with increased electricity demand (Thornton et al., 2017). The wind frequency distribution (Appendix A) confirms that wind speeds frequently fall within operating ranges, supporting reliable energy production.

The Excel equation used to calculate the yearly average wind speed (m/s) is:






[bookmark: _Toc221026805]Justification
Wind energy was selected over solar PV due to local climate conditions, reliability, and practicality for off-grid operation. Bethesda experiences consistently high wind speeds throughout the year, allowing continuous day-and-night generation, whereas limited solar irradiance would require significantly larger generation and storage capacity. Wind power therefore reduces system complexity, battery requirements, and overall cost while improving supply reliability.

[bookmark: _Toc221026806]General principles of how the system works.
The proposed system operates as an off-grid microgrid combining:
· Wind Energy Generation
· Battery Energy Storage
· Inverters
· Low-Voltage Switchgear
· Protective Devices
More in-depth explanation on the operation of each type of device will be found in its respective section.
The figure below demonstrates with a flowchart how the system works in a digestible manner.
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[bookmark: _Toc221026781]Figure 4: A Basic Flowchart Walkthrough of How the System Work
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[bookmark: _Toc221026782]Figure 5: Comparison of Potential Turbines
Comparison of candidate turbines shows that smaller units (Britwind H5 and H11) require impractically high quantities to meet demand, while larger turbines offer lower energy-to-cost ratios at the site wind speed. The B.Ventus 250kW turbine provides the highest energy per pound invested and achieves similar annual output to higher-rated machines at lower cost. Selecting two turbines improves system reliability by allowing continued generation during maintenance or fault conditions. For further information on the power curve of the selected B.Ventus turbine, (see Appendix B).
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[bookmark: _Toc221026783]Figure 6: Image of Selected Turbine (Rockenbauer, 2019)













The calculations for the annual energy generated at 5m/s (6m/s calculation  is identical) (Using the B.Ventus as an example) are as follows:




The calculations for the annual energy generated at 6.84m/s use the manual linear forecast command in Excel (Using the B.Ventus as an example):




The calculations for the power factor of each turbine are as follows (Using the B.Ventus as an example):





Wind Turbine Numbers
The Excel calculations for the minimum number of turbines are as follows (Using the B.Ventus as an example):







Wind Turbine Costs
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[bookmark: _Toc221026784]Figure 7: Comparison of Potential Turbine Costs
Figure 7 compares the estimated capital costs of candidate turbines, showing that the B.Ventus 250kW achieves the lowest total system cost while meeting energy requirements. Maintenance costs were calculated assuming 3% of turbine hardware cost per year, resulting in a predictable and manageable long-term maintenance profile (Figure 8).



The Excel calculations for the Average cost/kW for turbines are as follows (Using the B.Ventus as an example):




Addition of 10% in the event the cost of the turbines is slightly above average (Using the B.Ventus as an example):



To calculate the cost of an individual turbine (Using the B.Ventus turbine as an example):




To calculate the cost for all turbines required (Using the B.Ventus turbine as an example):








Wind Turbine Maintenance Costs
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[bookmark: _Toc221026785]Figure 8: Calculating Chosen Turbine Maintenance Costs
Figure 8 shows the calculation of annual wind turbine maintenance costs, based on the project assumption that maintenance expenses are equal to 3% of the total turbine hardware cost. The figure also shows the total maintenance cost over a 10-year operational period for the selected turbine configuration.

The calculation for 3% maintenance of a single turbine is (Using the B.Ventus turbine as an example):




The calculation for 3% maintenance of all turbines for a period of 10 years is (Using the B.Ventus turbine as an example):








[bookmark: _Toc221026808]Inverters
In this project, inverters are used to control and convert electrical power between the wind turbines, the battery energy storage system, and the village loads. This approach is supported by Manwell, McGowan and Rogers (2011, p. 458), who state that “inverters are used to supply AC loads from a DC source, such as batteries”. 
The wind turbines generate three-phase AC electricity, which is converted into DC by the turbines’ 4-quadrant IGBT-based converter (4Q-IGBT) to control its electrical output. This can act as an inverter for AC-DC or DC-AC. The BESS unit also has an internal inverter, so if the turbines internal inverter stops functioning, the BESS unit can also change the AC to DC directly. When electricity is required, the BESS all-in-one battery unit uses its built-in inverter to convert stored DC energy back into AC at a controlled voltage to the village. These integrated inverter systems also help maintain voltage stability for the off grid microgrid. As inverters are already included within both the turbines and the battery system, no additional standalone inverters are required, allowing for a simpler system. 
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[bookmark: _Toc221026786]Figure 9: Comparison of Specs and Pricing of Batteries
The battery energy storage system (BESS) is used to balance variable wind generation with village electricity demand, improving supply reliability. Lithium iron phosphate (LFP) batteries were selected due to their strong safety performance, thermal stability, and long cycle life, making them suitable for stationary wind-based applications (Stan et al., 2014, cited in IRENA, 2017).
A three-day storage buffer was chosen to ensure resilience during extended low-wind periods and turbine maintenance, an approach supported by similar off-grid systems such as the Isle of Eigg (Olivieri, 2020). The Cummins C1000CSBZ was selected due to its high usable energy per unit, high round-trip efficiency (97.5%), and 500kW rated power, allowing the storage requirement to be met with only nine units.
BESS units use a combination of series and parallel connections to meet system voltage, energy capacity, and power requirements. Batteries connected in series increase the overall operating voltage to match inverter and DC system requirements, while parallel connections increase total energy capacity and power output (Dorronsoro et al., 2022). Detailed battery chemistry and internal configuration can be found in (Appendix D), and series-parallel information is provided in (Appendix C).

[image: 500kW / 1056kWh Cummins C1000B5ZE Battery Energy Storage System]
[bookmark: _Toc221026787]Figure 10: Selected Battery Energy Storage System (BESS)
The illustration of the selected battery system (ADE Power UK, 2026). 

The calculations for the required amount of battery units to store 3 days’ worth of energy, and is as follows:


This Excel command calculates the required number of batteries and rounds the result up (Using the Cummin C1000C5BZ as an example):



The calculation for the total amount of usable energy of all needed battery units (Using the Cummin C1000C5BZ as an example):




The calculation for the estimated price per battery unit (Using the Cummin C1000C5BZ as an example):




The calculation for the total cost for all required amounts of battery units (Using the Cummin C1000C5BZ as an example):




[bookmark: _Toc221026810]Low Voltage Switchgear
Low-voltage (LV) switchgear is used to control, protect, and distribute electrical power in systems operating at voltages up to 1kV. It contains devices such as circuit breakers, isolators, and protective components that help protect electrical equipment and users from faults such as overloads and short circuits. LV switchgear also allows parts of a system to be safely isolated for maintenance, improving reliability and operational safety within power distribution networks (Shenton Group, 2021).
[image: Mains Distribution Feeder Pillar 400Amp]
[bookmark: _Toc221026788]Figure 11: Selected Low-Voltage Switchgear
The LV switchgear selected for this project is the 400A Mains Distribution Feeder Pillar from Distribution Zone, with the cost of this unit being £10,789 (Distribution Zone, 2024). This unit is designed for outdoor use, with a stainless-steel enclosure and an IP54 protection rating, making it suitable for harsh environments. It includes a 400A 4-pole MCCB incomer and multiple protected outgoing connections, allowing safe power distribution.

[bookmark: _Toc221026811]Protection Devices
Protection devices are an essential part of any electrical system; they are used to detect faults and safely disconnect the supply when a fault occurs. Faults such as overloads, short circuits, and earth leakage can damage equipment and create serious safety risks if they are not cleared quickly (University of St Andrews, 2021). Protection devices improve the safety, reliability, and maintainability of low-voltage distribution systems, devices like circuit breakers and residual current protection help prevent fire hazards and electric shock.
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[bookmark: _Toc221026789]Figure 12: List of Protective Devices, Ratings, and Price
The selected Battery Energy Storage System (BESS) includes integrated DC protection, so no additional external DC protection devices are required. Internal DC fuses, contactors, and the battery management system automatically disconnect the batteries during overcurrent, short-circuit, or thermal faults, ensuring safe operation. For further information on the protective devices used, (see Appendix E)
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Personnel were included to account for the ongoing operation and maintenance of the off-grid wind energy system. In line with the project brief, the system is assumed to require two part-time maintenance technicians to carry out inspections, repairs, and general system monitoring.
Salary data for wind turbine maintenance technicians in the UK was obtained from Findcourses (2025), which found that part-time wind turbine service or maintenance technician salaries in the UK averages at £27,478. As the system is relatively small-scale and designed for low maintenance, part-time employment was considered sufficient. The technicians will be contracted for 10-years.

The calculation for the salary of 2 technicians for 10 years:
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[bookmark: _Toc221026790]Figure 13: Comparison of Hardware, Operational, and Total Costs
The breakdown of the total capital costs is shown here in Figure 13. It shows the total hardware costs, which are the one-time payment costs which consist of the turbines, batteries, switchgear, and protective devices. It also shows the total ongoing costs, which are continuous payments to keep the site running, and which payments are made up of salaries for the wind-turbine technicians, maintenance, and allotting an additional £5000 annual budget for spare part acquirement. The total cost is the sum of both the hardware and ongoing costs.

[bookmark: _Toc221026814]Profits from the System
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[bookmark: _Toc221026791]Figure 14: Excess Energy Sold Back to Grid
The figure above shows the chosen turbine produces surplus energy. The 10% margin was added due the energy requirements being only the average, not considering potential above average demand. If this surplus energy is exported to the grid at a business Smart Export Guarantee (SAG) rate of 8.5p/kWh (E.ON Next, 2026), it would give £9,369/year, or £780.71/month. When spread across the 120 cottages, this means a reduction of £6.51 per cottage per month, lowering the payback amount and improving the overall economic viability of the project.
With an annual generation of 1.30GWh and a total requirement of 1.19 GWh, this results in an excess of around 110,218kWh per year. This surplus may increase or decrease depending on variations in wind speed, leading to higher or lower export revenue.

The calculation for the excess energy:




The calculation for profits when surplus is sold for 8.5p/kWh:




The calculation for the profits to be distributed per cottage per month:
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[bookmark: _Toc221026792]Figure 15: Comparison with Payback for 10 Years
Figure 15 compares the total cost of the wind energy system with the equivalent cost of purchasing electricity from the National Grid over a 10-year period. The figure shows that although the renewable system has a higher initial capital cost with higher monthly payments, after the initial 10-year payback, the hardware cost repayments will have finished, meaning the payments will have decreased after 10 years.

The calculation for “(£) per month” (using “Combined Capital Cost…” as an example):




The calculation for (£) “per month per cottage” (using “Combined Capital Cost…” as an example):
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[bookmark: _Toc221026793]Figure 16: Comparison with Payments after 10 Years
Figure 16 compares the total cost of the paid-off wind energy system with the equivalent cost of purchasing electricity from the National Grid over a 10-year period. The results show that, after the initial payback period, the renewable energy system results in significantly lower ongoing costs, less than a third of what would be paid to the national grid by comparison. This highlights the long-term financial benefit of the system, where reduced operating costs and export revenue contribute to sustained savings beyond the 10-year timeframe.

The calculation for “(£) per month per cottage” (using “Combined Capital Cost…” as an example and skipping the “(£) per month”):




[bookmark: _Toc221026816]Discussion
The results of this project show that integrating wind energy and battery storage into a rural village setting is both feasible and beneficial. The energy analysis demonstrates that the selected wind turbines can meet the village’s annual electricity demand while also producing a surplus, even with a 10% demand margin. This excess gives an opportunity for export to the grid, which gives additional income and improves the payback period. However, this outcome is dependent on long-term wind conditions remaining close to the measured averages, and long periods of low wind could reduce annual energy yield despite the battery storage.
From a financial perspective, although the initial capital cost of the renewable energy system is high, the long-term benefits become more obvious over time. Reduced reliance on grid electricity, with income from exported energy, helps reduce these costs and results in lower overall costs when compared to grid dependency. This highlights the importance of considering life-long costs rather than the higher initial individual payments. The financial analysis also assumes stable electricity prices and Smart Export Guarantee tariffs, future changes in energy pricing or export rates could affect the payback period.
Environmentally, the system offers clear advantages by reducing the village’s dependence on grid electricity, which still includes fossil fuel generation. By generating electricity locally from wind, the project contributes to lower carbon emissions and supports wider UK decarbonisation goals. Although wind turbines can introduce visual and noise impacts, appropriate turbine sizing and careful site selection help to minimise these effects, improving the social acceptability of the project. Overall, the findings suggest that community-scale renewable energy systems can provide a sustainable and cost-effective solution for rural areas when designed with appropriate storage capacity, protection systems, and grid integration considerations.

[bookmark: _Toc221026817]Environmental Impacts
The use of wind turbines and battery energy storage significantly reduces the village’s reliance on electricity generated from fossil fuels. By generating electricity locally from renewable wind energy, the system helps to lower carbon dioxide emissions associated with grid electricity consumption and reduces environmental impact.
Although wind turbines can have visual and noise impacts, careful site selection and modern turbine design help to minimise these effects. Overall, the environmental benefits of reduced greenhouse gas emissions and improved energy sustainability counter the avoidable drawbacks, making the system a good long-term solution for the village.

[bookmark: _Toc221026818]Conclusions
This report demonstrates that a wind-based, off-grid renewable energy system with battery storage can meet the electricity demands of a rural village near Bethesda, North Wales. The selected turbines generate sufficient energy to cover annual demand while providing excess energy, and the inclusion of battery storage means supply reliability during periods of low wind.
Although the system involves a high initial capital cost, long-term analysis shows it becomes viable after the initial 10-year payback, lowering the monthly cost far below than relying on the National Grid. the system delivers clear environmental benefits by reducing carbon emissions, making it a practical and sustainable solution for rural energy provision.

[bookmark: _Toc221026819]Recommendations
It is recommended that an export assessment is carried out to check eligibility for a business Smart Export Guarantee (SEG) tariff, as this would improve the financials of the system. Future work could explore system scalability, such as the addition of further battery capacity, to improve resilience and maximise the use of surplus energy. Finally, regular maintenance planning and environmental monitoring should be implemented to ensure long-term reliability and to minimise visual and ecological impacts for the locals and environment.

[bookmark: _Toc221026820]References
i. Battery University (2021). BU-302: Series and Parallel Battery Configurations. [online] Battery University. Available at: https://www.batteryuniversity.com/article/bu-302-series-and-parallel-battery-configurations [Accessed 17 Jan. 2026].
ii. BSI.Knowledge (2024). BS EN IEC 61439-3:2024 - TC | 30 Nov 2024 | BSI Knowledge. [online] Bsigroup.com. Available at: https://knowledge.bsigroup.com/products/low-voltage-switchgear-and-controlgear-assemblies-distribution-boards-intended-to-be-operated-by-ordinary-persons-dbo-3 [Accessed 17 Jan. 2026].
iii. Colthorpe, A. (2025). Battery Storage System Prices Continue to Fall sharply, BNEF and Ember Reports Find. [online] Energy-Storage.News. Available at: https://www.energy-storage.news/battery-storage-system-prices-continue-to-fall-sharply-bnef-and-ember-reports-find/ [Accessed 7 Jan. 2026].
iv. Department for Business, Energy & Industrial Strategy and Office for Product Safety & Standards (2020). Domestic Battery Energy Storage Systems a Review of Safety Risks a Report for the Office for Product Safety and Standards (OPSS) by Intertek Acknowledgements. [online] Available at: https://assets.publishing.service.gov.uk/media/5f761b828fa8f55e33275cfc/domestic-battery-energy-storage-systems.pdf [Accessed 24 May 2024].
v. Department for Energy Security & Net Zero (2024). Average Annual Domestic Standard Electricity Bills and Unit Costs for Regions in the United Kingdom. [online] Service.gov.uk. Available at: https://assets.publishing.service.gov.uk/media/667c0b71aec8650b1009006d/table_223.xlsx [Accessed 21 Dec. 2025].
vi. Distribution Zone (2024). Mains Distribution Feeder Pillar 400Amp. [online] Distributionzone.com. Available at: https://www.distributionzone.com/products/power-distribution-boxes/site-power-mains-distribution-enclosure/mains-distribution-feeder-pillar-400amp/.
vii. Dorronsoro, X., Garayalde, E., Iraola, U. and Aizpurua, M. (2022). Modular Battery Energy Storage System Design Factors Analysis to Improve battery-pack Reliability. Journal of Energy Storage, [online] 54, p.105256. doi: https://doi.org/10.1016/j.est.2022.105256.
viii. Duffie, J.A. and Beckman, W.A. (2020). Solar Engineering of Thermal Processes. 3rd ed. [online] John Wiley & Sons. Available at: https://www.mechfamily-ju.com/storage/images/files/file_1731558700SHla9.pdf [Accessed 9 Jan. 2026].
ix. E.ON Next (2026). Smart Export Guarantee (SEG) scheme. [online] www.eonnext.com. Available at: https://www.eonnext.com/electricity-and-gas/smart-export-guarantee [Accessed 18 Jan. 2026].
x. Findcourses.co.uk. Available at: https://www.findcourses.co.uk/jobs/Wind-turbine-technician-average-uk-salary [Accessed 16 Dec. 2025].
xi. Green, M.A. (1982). Solar Cells. [online] Prentice Hall. Available at: https://www.scribd.com/document/706552586/Martin-a-Green-Solar-Cells-Operating-Principles-Technology-and-System-Applications-Prentice-Hall-1982 [Accessed 9 Jan. 2026].
xii. IRENA (2017). Electricity Storage and Renewables: Costs and Markets to 2030. [online] Irena. Available at: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Oct/IRENA_Electricity_Storage_Costs_2017.pdf.
xiii. Manwell, J.F., Mcgowan, J.G. and Rogers, A.L. (2009). Wind Energy Explained : theory, Design and Application. 2nd ed. [online] Chichester, U.K.: John Wiley & Sons, Ltd. Available at: https://ee.tlu.edu.vn/Portals/0/2018/NLG/Sach_Tieng_Anh.pdf [Accessed 8 Jan. 2026].
xiv. Masters, G.M. (2013). Renewable and Efficient Electric Power Systems. [online] Chichester: Wiley-Blackwell. Available at: https://ocw.tudelft.nl/wp-content/uploads/57696e6420706f7765722073797374656d73.pdf [Accessed 9 Jan. 2026].
xv. Meteoblue (2025). Simulated historical climate & weather data for Bethesda – Meteoblue. [online] Available at: https://www.meteoblue.com/en/weather/historyclimate/climatemodelled/bethesda_united-kingdom_2655804 [Accessed 9 Dec. 2025].
xvi. Olivieri, F. (2020). Eigg, How the Small Scottish Island Achieved Renewable Energy self-sufficiency. [online] LifeGate. Available at: https://www.lifegate.com/eigg-scotland-renewable-energy-self-sufficiency [Accessed 9 Jan. 2026].
xvii. Richardson, J. (2019). How Much Is a Wind Turbine Likely to Make Me and over What Period? UK. [online] The Renewable Energy Hub. Available at: https://www.renewableenergyhub.co.uk/main/wind-turbines/how-much-is-a-wind-turbine-likely-to-make-me-and-over-what-period [Accessed 11 Dec. 2025].
xviii. Rockenbauer, K. (2019). B.Ventus, 250kW. Wind Turbine Models. Available at: https://en.wind-turbine-models.com/fotos/lk9t4YGCAKV-b-ventus-250kw-photo-klaus-rockenbauer-www-global-windphotos-com [Accessed 20 Jan. 2026].
xix. Shenton Group (2021). What Is Low Voltage Switchgear? [online] Shenton Group. Available at: https://www.shentongroup.co.uk/blog/what-is-low-voltage-switchgear/.
xx. Skoplaki, E. and Palyvos, J.A. (2009). On the Temperature Dependence of Photovoltaic Module Electrical performance: a Review of efficiency/power Correlations. Solar Energy, 83(5). doi: https://doi.org/10.1016/j.solener.2008.10.008.
xxi. Thornton, H.E., Scaife, A.A., Hoskins, B.J. and Brayshaw, D.J. (2017). The Relationship between Wind power, Electricity Demand and Winter Weather Patterns in Great Britain. Environmental Research Letters, 12(6), p.064017. doi: https://doi.org/10.1088/1748-9326/aa69c6.
xxii. University of St Andrews (2021). University Guidance for Electrical Safety. [online] Available at: https://www.st-andrews.ac.uk/policy/health-and-safety-hazard-identification-and-risk-assessment/electrical-safety.pdf [Accessed 18 Jan. 2026].
xxiii. Vetter, J., Novák, P., Wagner, M.R., Veit, C., Möller, K.-C. ., Besenhard, J.O., Winter, M., Wohlfahrt-Mehrens, M., Vogler, C. and Hammouche, A. (2005). Ageing Mechanisms in lithium-ion Batteries. Journal of Power Sources, [online] 147(1-2), pp.269–281. doi: https://doi.org/10.1016/j.jpowsour.2005.01.006.
xxiv. ‌Weather Spark (2025). Climate and Average Weather Year-Round in Bethesda. [online] Weatherspark.com. Available at: https://weatherspark.com/y/36338/Average-Weather-in-Bethesda-United-Kingdom-Year-Round#Figures-WindDirection [Accessed 9 Dec. 2025].


[bookmark: _Toc221026821]Bibliography
i. ADE Power UK (2026). Cummins C1000B5ZE | 1000 kWh Battery Energy Storage System. [online] Ade-power.co.uk. Available at: https://ade-power.co.uk/bess/cummins/c1000b5ze [Accessed 8 Jan. 2026].
ii. Bauer, L. and Matysik, S. (2025a). Bonus B31/300 – 300,00 kW - Wind Turbine. [online] en.wind-turbine-models.com. Available at: https://en.wind-turbine-models.com/turbines/191-bonus-b31-300.
iii. Bauer, L. and Matysik, S. (2025b). Enercon E-40/5.40 - 500,00 kW - Wind Turbine. [online] en.wind-turbine-models.com. Available at: https://en.wind-turbine-models.com/turbines/67-enercon-e-40-5.40.
iv. Bauer, L. and Matysik, S. (2025c). Ventus 250 kW – 250,00 kW - Wind Turbine. [online] en.wind-turbine-models.com. Available at: https://en.wind-turbine-models.com/turbines/2061-b.ventus-250-kw.
v. Britwind (2025a). H5 (R9000) Horizontal Axis 5kW Wind Turbine. [online] Britwind. Available at: https://www.britwind.co.uk/products/h5-r9000-5kw-horizontal-axis-wind-turbine/.
vi. Britwind (2025b). H11 Horizontal Axis 11kW Wind Turbine. [online] Britwind. Available at: https://www.britwind.co.uk/products/h11-11kw-horizontal-axis-wind-turbine/.
vii. CEF (2025). Schneider Acti9 63A 4 Pole 30mA Type a Add-On Vigi RCD. [online] CEF. Available at: https://www.cef.co.uk/catalogue/products/41031-63a-4p-30ma-add-on-vigi-rcd [Accessed 18 Jan. 2026].
viii. Checkatrade (2025). Wind Turbine Cost Guide. [online] Checkatrade.com. Available at: https://www.checkatrade.com/blog/cost-guides/wind-turbine-cost/#what-about-commercial-wind-turbine-costs [Accessed 16 Dec. 2025].
ix. Department for Business, Energy & Industrial Strategy (2019). Quarterly Energy Prices. [online] National Statistics, p.80. Available at: https://assets.publishing.service.gov.uk/media/5d8b677640f0b60989eaabab/QEP_Q2_2019.pdf [Accessed 9 Dec. 2025].
x. EcoHarmony (2025). WCED 40 or 32A 4-Pole 30mA Type A RCBO (Type A RCCB, C Curve MCB). [online] EcoHarmony. Available at: https://ecoharmony.co.uk/products/wced-4-pole-30ma-type-a-rcbo-type-a-rccb-c-curve-mcb [Accessed 18 Jan. 2026].
xi. ERI Economic Research Institute (2025). Wind Turbine Service Technician Salary in Wales, United Kingdom. [online] SalaryExpert.com. Available at: https://www.salaryexpert.com/salary/job/wind-turbine-service-technician/united-kingdom/wales [Accessed 9 Dec. 2025].
xii. EWT (2025a). DW54 500kW Wind Turbine. [online] Available at: https://ewtdirectwind.com/wp-content/uploads/2018/04/EWT_Flyer-dw54-500kW.pdf.
xiii. EWT (2025b). EWT DW61 Wind Turbine. [online] Available at: https://ewtdirectwind.com/wp-content/uploads/2023/11/EWT_DW61.pdf.
xiv. Expert Electrical (2022). ExpertElectricalSupplies. [online] ExpertElectricalSupplies. Available at: https://www.expertelectrical.co.uk/chint-shunt-trip-125a-frame-size-230v-3-4-pole [Accessed 18 Jan. 2026].
xv. Fernández, L. (2025). UK: Average Wind Speed. [online] Statista.com. Available at: https://www.statista.com/statistics/322785/average-wind-speed-in-the-united-kingdom-uk/ [Accessed 9 Dec. 2025].
xvi. Hirsch, A., Parag, Y. and Guerrero, J. (2018). Microgrids: a Review of technologies, Key drivers, and Outstanding Issues. Renewable and Sustainable Energy Reviews, [online] 90(1364-0321), pp.402–411. doi: https://doi.org/10.1016/j.rser.2018.03.040.
xvii. Indeed (2025). Maintenance Technician Salary in United Kingdom. [online] Indeed.com. Available at: https://uk.indeed.com/career/maintenance-technician/salaries [Accessed 11 Dec. 2025].
xviii. Made in China (2026). Beny Outdoor 1MW Battery Storage Container 1MWh. [online] Made-in-China.com. Available at: https://zjbeny.en.made-in-china.com/product/iFHTNtUMZcGs/China-Beny-Outdoor-1MW-Battery-Storage-Container-1mwh-2mwh-Ess-Solar-Battery-Energy-Storage-System.html [Accessed 8 Jan. 2026].
xix. Made in China (2026b). Customisable Low Voltage Withdrawable Switchgear for Industrial Power Distribution Control and Diverse Electrical Application Requirements. [online] Made-in-China.com. Available at: https://haochengelectric.en.made-in-china.com/product/bFgfwXnuENAc/China-Customizable-Low-Voltage-Withdrawable-Switchgear-for-Industrial-Power-Distribution-Control-and-Diverse-Electrical-Application-Requirements.html [Accessed 17 Jan. 2026].
xx. Met Office (2020). Aber No 2 - Location-specific long-term Averages. [online] MetOffice.gov.uk. Available at: https://www.metoffice.gov.uk/research/climate/maps-and-data/location-specific-long-term-averages/gcmnuetjg.
xxi. Office for National Statistics (2025). Average Actual Weekly Hours of Work for part-time Workers (seasonally adjusted). [online] ONS.gov.uk. Available at: https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours/timeseries/ybvb [Accessed 11 Dec. 2025].
xxii. Powerland (2022). Powerland 1000kWh Bess Unit. [online] Powerland.co.uk. Available at: https://www.powerland.co.uk/pages/bess-power-storage-units-100kwh-2mwh-20-40ft-containers [Accessed 8 Jan. 2026].
xxiii. Powerland (2025). GivEnergy 3ph 30kW PCS with 276kWh Storage. [online] Powerland. Available at: https://www.powerland.co.uk/collections/commercial-battery-storage/products/givenergy-3ph-30kw-pcs-with-276kwh-storage#section-info [Accessed 8 Jan. 2026].
xxiv. Protek (2025). Adjustable 400A 4 Pole MCCB Incoming Kit with ELR Protection to Suit 800A Panel Boards MC8KR-4004S. [online] Protekuk.co.uk. Available at: https://protekuk.co.uk/Adjustable-400A-4-Pole-MCCB-Incoming-Kit-With-ELR-Protection-To-Suit-800A-Panel-Boards-MC8KR-4004S [Accessed 18 Jan. 2026].
xxv. Schneider Electric (2026). MG6C6 - Powerpact 4 - Panel board - 630A - 6 Ways - 3P - Style D | Schneider Electric UK. [online] Schneider Electric. Available at: https://www.se.com/uk/en/product/MG6C6/powerpact-4-panelboard-630a-6-ways-3p-style-d/ [Accessed 11 Jan. 2026].
xxvi. Screwfix (2025a). British General Fortress 63A 30mA DP A Curve RCD. [online] Screwfix.com. Available at: https://www.screwfix.com/p/british-general-fortress-63a-30ma-dp-a-curve-rcd/189hv [Accessed 18 Jan. 2026].
xxvii. Screwfix (2025b). Lewden E10 63A SP C Curve MCB. [online] Screwfix.com. Available at: https://www.screwfix.com/p/lewden-e10-63a-sp-c-curve-mcb/512hm [Accessed 18 Jan. 2026].
xxviii. Screwfix (2025c). Lewden P04-B16/30/1PNA 16A 30mA Type a 1+N B Curve AFDD & RCBO. [online] Screwfix.com. Available at: https://www.screwfix.com/p/lewden-p04-b16-30-1pna-16a-30ma-type-a-1-n-b-curve-afdd-rcbo/705hm [Accessed 18 Jan. 2026].
xxix. Screwfix (2025d). Lewden P04-B32/30/1PNA 32A 30mA Type A 1+N B Curve AFDD & RCBO. [online] Screwfix.com. Available at: https://www.screwfix.com/p/lewden-p04-b32-30-1pna-32a-30ma-type-a-1-n-b-curve-afdd-rcbo/853hm [Accessed 18 Jan. 2026].
xxx. Target Power Generators (2025). 100 kW / 125 kVA Battery Energy Storage System (105 kWh Cap). [online] Target Power Generators - Power That Hits the Mark. Available at: https://target-generators.com/product/besssy-100-100-kw-125-kva-battery-energy-storage-system-105-kwh-capacity/?product_added_to_cart=16117&quantity=1 [Accessed 8 Jan. 2026].


[bookmark: _Toc221026822]Appendices
[bookmark: _Toc221026823]Appendix A
Bethesda Wind Frequency Data
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[bookmark: _Toc221026794]Figure 17: Data of the Wind Speed Frequency Across the Year
Figure 17 created using data gathered from (Meteoblue, 2025), shows the frequency distribution of wind speeds experienced in Bethesda across a full year. The figure shows how often specific wind speed ranges appear, providing an insight into turbine operating conditions.
The distribution indicates that a large proportion of wind speeds fall within the optimal operating range of modern wind turbines. This confirms that the selected turbine model is well matched to the site’s wind characteristics. Figure 4 supports realistic energy yield calculations by demonstrating that wind speeds frequently exceed cut-in speed and often approach rated operating conditions.
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Datasheet  of Chosen Turbine
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[bookmark: _Toc221026795]Figure 18: Power curve of selected turbine
The figure above, gathered from Bauer and Matysik (2025c), shows the power curve of the selected wind turbine, showing the relationship between wind speed (m/s) and power output (kW). At low wind speeds, the turbine produces little to no power until the cut-in speed is reached, after which the output increases rapidly as wind speed rises. The turbine reaches its rated power of approximately 250kW at around 10 m/s and maintains this output across a wide range of wind speeds due to active power regulation. At higher wind speeds, the output is gradually reduced to limit mechanical and electrical loading, ensuring safe and reliable operation. This power curve demonstrates that the selected turbine operates efficiently across the wind speed range observed at the site and is well suited to the local wind conditions. 
Also shows in the figure is the expected power to be generated at the average wind speed of the village near Bethesda, North Wales. By following the drawn line on the figure from the average wind speed of 5.84m/s, it can be seen that the expected power generated from the B.Ventus Turbine will be approximately 75kW, which if applied across the year, is approximately 650,382kWh, which matches the calculations in figure 5.
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Comparison of Core Battery Information
Lithium iron phosphate (LFP) batteries are commonly used in stationary energy storage applications due to their strong safety performance and long operational life. According to Stan et al. (2014, cited in IRENA, 2017, p. 66), “the olivine crystalline structure of the lithium iron phosphate (LFP) chemistry ensures better thermal stability compared to other Li-ion cells… and a long lifetime.” This structure reduces the risk of thermal runaway and makes LFP batteries suitable for applications that require a lot of charge & discharge cycling, such as renewable energy storage.
Battery storage capacity is usually designed to provide a buffer that allows energy supply during periods when renewable generation is unavailable. In off-grid renewable systems, storage durations are often selected based on expected weather conditions and reliability requirements. Previous off-grid projects, such as the Isle of Eigg renewable energy system, showed the importance of sufficient battery storage, with the system capable of maintaining electricity supply for up to 24 hours without renewable input (Olivieri, 2020).
Commercial BESS units integrate multiple components . These typically include the battery modules, battery management system (BMS), internal protection devices, and power electronics among others.

[bookmark: _Toc221026826]Appendix D
Discussion on Series and Parallel Connections in Battery Systems
Batteries Connected in Series
In battery energy storage systems (BESS), when battery cells are connected in series, their voltages add together, allowing the battery system to reach the higher DC voltages that is often needed by the inverter. Operating at a higher voltage means the same amount of power can be delivered using a lower current, which reduces resistive losses in the cables and improves overall system efficiency (Battery University, 2021).
One disadvantage of series-connected batteries is that the performance of the entire connection (string) depends on the weakest battery cell. Differences in cell condition, ageing, or internal resistance can cause voltage imbalance, which may lead to overcharging or excessive discharging of individual cells (Department for Business, Energy & Industrial Strategy and Office for Product Safety & Standards, 2020). Which is why battery systems often rely on battery management systems (BMS) such as the one included in the BESS all-in-one units, to monitor and balance voltages for safe and reliable operation.

Batteries Connected in Parallel
Batteries are connected in parallel when an increase in total energy capacity and current capability is needed while keeping the overall voltage constant. In this configuration, multiple battery connections (strings) share the load, which increases the available energy storage and allows the system to supply power for longer periods (Battery University, 2021). Parallel connections also improve system reliability, as a fault in one battery string does not usually result in a complete loss of energy capacity (Battery University, 2021).
However, parallel battery configurations can experience uneven current sharing between the connections, usually if the batteries are not perfectly matched or age at different rates. This can cause some battery strings to degrade faster than others, reducing the overall lifespan of the system (IRENA, 2017). Therefore, BESS units usually use monitoring, protection devices, and control strategies to ensure balanced current flow between parallel strings (IRENA, 2017).
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Additional Information on Protection Devices
· 400A 4-Pole MCCB (Incoming Protection)
Acts as the main incoming protection for the switchgear, protecting the entire system against overloads and short-circuits, and allowing the supply to be safely isolated when required.
· 63A 4-Pole 30mA RCD
Provides earth leakage protection for three-phase circuits by disconnecting the supply when leakage current is detected, reducing the risk of electric shock.
· 32A 4-Pole 30mA Type A RCBO
Combines overcurrent and earth leakage protection in one device, protecting three-phase outgoing circuits from overloads, short circuits, and earth faults.
· 63A Double-Pole 30mA RCD
Used to provide earth fault protection for higher-current single-phase circuits, mainly for fire and equipment protection rather than personal protection.
· 63A Type C MCB
Protects circuits against overcurrent and short-circuit faults, particularly where higher inrush currents are expected.
· 16A 30mA Type A RCBO with AFDD
Provides combined overcurrent, earth leakage, and arc fault protection for smaller circuits, improving safety against electrical fires and electric shock.
· 32 A 30mA Type A RCBO
Protects medium-load circuits from overloads, earth leakage, and arc faults, offering enhanced fire and shock protection.
· Shunt Trip Unit (for 125A Breakers)
Allows circuit breakers to be tripped remotely when a fault signal is received, ensuring fast disconnection of high-current circuits.
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Wind and Solar Energy Conversion
Wind Energy Conversion Theory
Wind turbines generate electrical power by converting the kinetic energy of moving air into mechanical rotation, which is then converted into electrical energy by a type of generator depending on the turbine. The potential power available from wind is proportional to air density, the swept area of the rotor, and the cube of wind speed (Manwell, McGowan and Rogers, 2009). This relationship means that “small” increases in wind speed result in significant increases in power output, meaning accurate wind resource assessment is essential (Manwell, McGowan and Rogers, 2009).
In reality however, turbines are held back by cut-in speeds, rated speeds, and cut-out wind speeds. The result of this means turbine energy yield is governed by that turbines power curve.

Solar PV Energy Conversion Theory
Solar photovoltaic (PV) systems convert solar radiation directly into electrical energy using semiconductor materials. When sunlight strikes a PV cell, photons excite electrons within the semiconductor, producing direct current (DC) electricity from the photovoltaic effect (Green, 1982).
PV output is mainly influenced by:
· Solar irradiance
· Panel orientation
· Weather conditions
Cloud cover, shading, and even rain can also significantly reduce energy production (Masters, 2013). As PV systems only generate electricity during daylight hours, inverters and battery storage are required for AC supply and continuous off-grid operation (Duffie and Beckman, 2020).
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Cottages                                                                120                                12                     1,440                      10,080                     43,830                  525,960                     5,259,600 

Community Centre                                                                    1                              180                        180                        1,260                  5,478.75                    65,745                        657,450 

Primary School                                                                    1                              130                        130                           910                  3,956.88                    47,483                        474,825 

Library                                                                    1                              150                        150                        1,050                  4,565.63                    54,788                        547,875 

Health Clinic                                                                    1                              220                        220                        1,540                  6,696.25                    80,355                        803,550 

Church                                                                    1                           10.71                     10.71                        75.00                     326.12                 3,913.39                     39,133.93 

Shops                                                                    4                              180                        720                        5,040                     21,915                  262,980                     2,629,800 

Traffic Lights                                                                  45                             2.50                   112.50                      787.50                  3,424.22               41,090.63                   410,906.25 

 Total Energy (kWh) 

 Not Needed 

              2,963.21               20,742.50               90,192.83         1,082,314.02            10,823,140.18 

 Cost of Energy Using 22.53p/kWh (£) 

 Not Needed 

 £              667.61  £             4,673.29  £          20,320.45   £        243,845.35  £          2,438,453.48 

 Average Power Load (kW) 

 Not Needed 

                 123.47                     123.47                     123.47                    123.47                          123.47 

Total Village Energy Needs
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Bethesda Weather Data

Months Sunny/Clear (days) Partial Cloudy (days) Overcast (days) | Precipitation (days)

January 0.1 20.9 9.9 20.1
February 0.6 194 83 19
March 1 213 8.7 18.9
April 1.1 23 5.8 17.9
May 1 24.5 5.5 20.1
June 1.2 22.8 6 19
July 0.8 23 7.3 21.6
August 0.3 24.6 6.1 22.5
September 0.4 23.8 5.8 19.2
October 0.2 23.5 7.2 21
November 0.1 21 8.9 213
December 0.3 20.7 10.1 20.9
Total Annual 71 268.5 89.6 241.5

Percentage of the Year 2% 73.5% 24.5%

66%
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Monthly Wind-Speed Data

Months Agf;::ge( k\:]i:;d Win((lln/SS]))eed

January 26.3 7.31
February 244 6.78
March 222 6.17
April 18.9 5.25
May 17.7 4.92
June 16.5 4.58
July 16.6 4.61
August 17.7 4.92
September 20 5.56
October 22.4 6.22
November 24.1 6.69
December 25.6 7.11
Yearly Average Wind Speed 21.03 5.84‘
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Comparison of Turbine Energy and Power Information

Potential Turbines Rated Power (kW) l’::(.:;lcl:(; l;: ‘;el:lls Annual l’l::vlzr(ll("r;lnduced at6 l’f:ll::::f:tlesriylls
- - KW) - - (KWh) -
H5 (R9000) 5 | Not Required Not Required 9.167
HIil 11 |Not Required Not Required 36,302
DW54 500 55 80 482,089
DWe1 500 95 150 832,699
Bonus B31/300 300 224 52 196,342
Enercon E-40/5.40 500 40.39 69 354,028
B.Ventus 250kW 250 49.00 79 429,497 .
Comparison of Turbine Energy and Power Information
Annual Energy Produced at 6 g: ::g;lis:::]m R(/i?lll:;l:::dNIi:}::e:f Prnd:c‘;ti:ililtl;l;:iln?;zwglywmd Capacity Factor (%)
m/s (kWh) (KWh) Turbines Speed and Mfmmum Number
of Turbines (kWh)
13,653 12,935 84 1,086,560 30%
46,692 45,030 25 1,125,740 47%
701,220 666,159 2 1,332,318 15%
1,314,788 1,237,653 1 1,237,653 28%
455,793 414,281 3 1,242,842 16%
607,958 567,329 2 1,134,658 13%
692,455 650,382 2 1,300,763 30%
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Potential Turbine

Estimated Turbine 
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Estimated Average 
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Cost of Required 
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(£)

H5 (R9000)

Not Required Not Required Not Required

37,500.00 £                 

3,150,000.00 £               

H11

Not Required Not Required Not Required

180,000.00 £               

4,500,000.00 £               

DW54

1,300.00 £                    2,000.00 £                    1,815.00 £                    907,500.00 £               

1,815,000.00 £               

DW61

1,300.00 £                    2,000.00 £                    1,815.00 £                    907,500.00 £               

907,500.00 £                   

Bonus B31/300

1,300.00 £                    2,000.00 £                    1,815.00 £                    544,500.00 £               

1,633,500.00 £               

Enercon E-40/5.40

1,300.00 £                    2,000.00 £                    1,815.00 £                    907,500.00 £               

1,815,000.00 £               

B.Ventus 250kW

1,300.00 £                    2,000.00 £                    1,815.00 £                    453,750.00 £               

907,500.00 £                   

Comparison of Turbine and  Costs
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Calculation of Chosen Turbine Maintenance Costs

Cost of a Sinele Unit Cost of Required |3% Maintenance Cost| 3% Maintenance Cost

Chosen Turbine ) £ Number of Turbines | of a Single Unit per |of Total Turbine Units
#) Year (£) per Decade (£)

B.Ventus 250kW | ¢ 453,750 | £ 907,500 | £ 13,612.50 | £ 272,250
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Battery Comparison and Costs

Exact
Amount of Total Usable .
. Battery Usable Units required | Energy of Duration of Rated Round-Trip Efficiency Cycle Life Estimated Cost I.(nown or Battery Cost for all Units
Potential Battery Storage . . Energy . Battery-Only | Power Estimated Cost
Material/Chemistry (KWh) to Store 9504 | Total Units Operation (kW) (%) (Cycles) per kWh (£) er Unit (£) &)
kWh (3 Days) | (kWh) P p
- - - - - (hours) |+ - - - - - -
|4
Powerland BESS Unit Lithium Iron Phosphate £ 2,070,000
1,000 9 9,000 72.89 500 91% 6,000 | Not Required £ 230,000.00
Beny Outdoor ESS Lithium Iron Phosphate 1,000 9 9,000 72.89 500 95% 8,000 | Not Required £ 140,926.00 £ 1,268,334
i Lithium Iron Phosphat
GivEnergy 30kW Storage | Lithium Iron Phosphate 267 34 9,078 73.53 30 96.3%)| Not Specified | Not Required | £  146,510.00 | £ 4,981,340
Ferbo BESSy 100 Lithium Iron Phosphate 105 85 8,925 72.29 100 90% 4,000 | £ 131.18 | £ 13.773.90 | £ 1,170,782
|4
ot CHPPIETY | Lt [ [Fhesplinge 1,056 9 9,504 76.98 500 97.5% 7.000 | £ 13118 | £ 138.526.08 | 1,246,735,
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List of Chosen Protection Devices and their Purpose and Price

Protection Device | Quantity | Current Rating (A) Poles Protection Type | Trip / Sensitivity Purpose Unit Price (£) | Total Price (£)
MCCB (Incomer) Overload & Short- Main incoming protection and
400A 4-pole Circuit Thermal-Magnetic |isolation for the entire switchgear| £ 2,510.29 | £ 2,510.29
Protection of small outgoing
RCBO Overcurrent & circuits against overload, short
3|16A 2-pole Earth Leakage 30 mA circuit, and electric shock £ 119.99 | £ 359.97
Protection of medium outgoing
RCBO Overcurrent & circuits with combined fault
3|32A 2-pole Earth Leakage 30 mA protection £ 119.99 | £ 359.97
Three-phase socket protection
RCBO Overcurrent & with personal safety and fault
3|32A 4-pole Earth Leakage 30 mA clearance £ 35.00 | £ 105.00
MCB Overcurrent & Protection for higher-current
63A 2-pole Short-Circuit Type C single-phase loads £ 789 | £ 7.89
RCD Fire and equipment protection
63A 2-pole Earth Leakage 100 mA for higher-current circuits £ 2449 | £ 24.49
RCD Earth fault protection for three-
2|63A 4-pole Earth Leakage 100 mA phase circuits £ 221.03 | £ 442.06
Overcurrent, Short-
MCB Shunt Trip Circuit & Earth Protection of large high-current
2|125A 4-pole Leakage Type C site distribution outputs £ 4039 | £ 80.78
Total:

= 3,890.45
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Full Comparison of Costs

Total Total Total . Total Pay of 2 Part-Time Total Cost of Turbine Additional £5000 Total Continuous

Turbines Batteries Switchgear T(mfl Frotective Hardware Technicians per Maintenance for a Annual Budget for
Spare Parts per

Devices Cost (£)
Cost (£) Cost (£) Cost (£) Costs (£) Decade (£) Decade (£) Decade (£)

£ 907,500 | £1,246,735 | £ 10,789 | £ 3,890 - 549,560 | £ 272,250 | £ 50,000

Total = 2 168,914 Total =

Total Combined Capital

Operation Cost for a Cost for a Decade (£)

Decade (£)

£ 871,810 | £ 3,040,724
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Profits from Excess Energy Sold to the Grid

Total Energy
Total Energy Required Required
Annualy (kWh) Annualy + 10%
(kWh)

| |
82,314 1,190,545.42

Total Enegy E E Profits from Energy Sold
Produced xce(:is‘mlll)ergy Back to Grid for 8.5p
Annualy (kWh) per kWh per Year (£)

-] -] -] -] - |
1,300,763.10 110,217.68 | £ 9.368.50 | £ 780.71 | £ 6.51
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Village Pricing Comparisons & Payback for 10 Years

Total Cost for a

Decade (£)

Total Cost per Month (£)

Total Cost per Month per
Cottage (£)

National Grid Tariff Payments
(Reference Only)

PAYMENT BREAKDOWN

£ 2,438,453.48 | £ 20,320.45 | £ 169.34

Total Hardware Cost Repayments | £ 2,168,914.17 | £ 18,074.28 | £ 150.62
14
Total Operational Costs £ 871,810.00 | £ 7.265.08 | £ 60.54
14 14
Subtracting Profts from Costs -£ 93.744.00 |-£ 781.20 |-£ 6.51

Combined Capital Cost Repayments | o 2,946,980.17 | £ 24,558.17 | £ 204.65
for 10 Years
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Village Pricing Comparisons & Payback After 10 Years
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National Grid Tariff Payments

38,453. 320. 3
(Reference Only) £ 2,438,453.48 | £ 20,320.45 | £ 169.34
Total Operational Costs £ 871,810.00 | £ 7,265.08 | £ 60.54
Subtracting Profits from Costs -£ 93,744.00 |-£ 781.20 |-£ 6.51

Combined Cost Payments after 10 Years | £ 778,066.00 | £ 6,483.88 | £ 54.03
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Monthly Wind-Frequency Data

Months Days of Wind Speed | Days of Wind Speed | Days of Wind Speed  Days of Wind Speed (6 1 Days of Wind Speed (8 1 Days of Wind Speed | Days of Wind Speed (>
(0 -1 m/s) 1-2m/s) (2 -6m/s) 8 m/s) 10 m/s) (10 - 12 m/s) 12 m/s)

January 0 0.6 13.4 7.2 6.2 2.9 0.7
February 0 0.3 12.2 7.5 5.3 24 0.6
March 0 0.4 15.7 8.2 53 1.2 0.2
April 0 0.2 18.7 7.6 3 0.5 0.1
May 0 0.2 19.7 7.8 2.8 0.5 0
June 0 0.3 20 7.2 23 0.2 0
July 0 0.3 213 7.7 1.7 0 0
August 0 0.2 20.8 7.5 23 0.2 0.1
September 0 0.3 18.4 7.9 2.8 0.5 0.1
October 0 0.3 14.4 10 4.6 1.5 0.2
November 0 0.6 14 8.3 5.1 1.4 0.5
December 0 0.6 13.9 7.5 5.8 2.6 0.7

Total Days of the Year 0 4.3 202.5 94.4 47.2 13.9 3.2
Percentage of the Year 0% 1% 55% 26% 13% 4% 1%‘
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