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GreenWind Energy Ltd. proposes developing a wind farm comprising nine wind turbines, each with a capacity of 2 MW, on a 150-hectare site in the rural Northeast of England. The proposed wind farm has the potential to contribute 18 MW of renewable energy to the national grid, supporting local energy needs while reducing reliance on fossil fuels.
With aims to reduce carbon emissions, support the UK's net-zero targets, and promote energy sustainability. Wind energy is a clean, renewable resource critical in mitigating climate change and reducing air pollution.
This report aims to conduct a comprehensive environmental risk assessment for the proposed wind farm. This assessment identifies potential risks associated with the project's construction, operation, and decommissioning phases and proposes mitigation measures to minimise negative impacts. It also aims to ensure that the project aligns with environmental regulations and sustainability principles.
Key environmental considerations for the site include its proximity to a Site of Special Scientific Interest (SSSI) and diverse habitats such as farmland, grasslands, and wetlands. These areas host a variety of flora and fauna, including protected and migratory species, making the site ecologically sensitive. The project must also account for the potential impacts on local agricultural activities and conservation efforts.
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Environmental Impacts of Wind Farms
Wind farms are pivotal in advancing renewable energy objectives yet present environmental challenges, especially in rural and ecologically sensitive regions. The Royal Society for the Protection of Birds (RSPB) acknowledges the necessity of wind energy in combating climate change. However, it emphasises the importance of careful site selection to minimise adverse effects on wildlife and habitats (Local Government Association, n.d.). Similarly, Cowell, R. and Bristow, G. (2011) highlight that wind energy contributes to sustainable community development. However, it can lead to habitat loss and fragmentation if not properly managed. Bird and bat collisions with wind turbine blades are significant concerns, with certain species being more susceptible due to their flight behaviours and habitats. A comprehensive study by Thaxter et al. (2017) analysed global bird and bat collision patterns with wind turbines, demonstrating that migratory species and those with specific flight paths are at higher risk. Noise pollution from wind turbines can significantly impact wildlife and nearby human communities. For wildlife, increased noise levels may lead to behavioural changes, such as altered communication patterns, disrupted mating rituals, and avoidance of affected areas, potentially resulting in habitat displacement. Especially considering the physical effects documented by the Health Protection Agency (2010). Construction activities associated with wind farms may contribute to soil erosion and water quality disturbances, especially when projects are near water bodies or in areas with sensitive soils (The Times, 2021).
Environmental Impacts Specific to Site Conditions
Wind farms sited in rural, agricultural, or conservation areas with nearby water bodies and biodiversity hotspots require careful consideration due to their potential for significant environmental impacts. Sites close to designated conservation areas, such as Sites of Special Scientific Interest (SSSIs), require thorough assessments to minimise the environmental impacts on sensitive ecosystems (Department for Environment, Food & Rural Affairs (DEFRA), 2014). Additionally, migratory bird paths in these areas increase the risk of turbine collisions, requiring specific mitigation measures to reduce impacts.
Environmental Risk Assessment Frameworks
Environmental risk assessments are essential for identifying and managing the impacts of wind energy projects. Common frameworks include using environmental management systems such as ISO 14001 (International Organisation for Standardisation, 2015). Environmental Impact Assessments (EIAs) are widely utilised to evaluate the potential effects of proposed projects, ensuring that risks to ecosystems, biodiversity, and local communities are identified and addressed (Department for Communities and Local Government, 2017). These assessments involve public consultations and consider alternative approaches to mitigate negative impacts. Ecological impact assessments are also used to identify biodiversity considerations.
Regulatory and Policy Context
In the UK, wind farm developments are governed by regulatory frameworks designed to minimise environmental impacts. National planning policies include sustainable development while safeguarding natural resources and biodiversity. Regulations require developers to conduct comprehensive environmental assessments, especially for projects near protected areas. These policies aim to balance the utilisation of renewable energy with the preservation of the environment.
Mitigation Measures
Mitigation strategies address the environmental challenges of wind farms. Seasonal restrictions during wildlife breeding or migration can reduce disruptions to sensitive species. Habitat restoration efforts, particularly after construction, help recover ecosystems affected by development activities. Employing low-impact construction methods, such as minimising land disturbance, can mitigate environmental adverse effects. Advanced technological solutions, such as radar systems to monitor bird movements and adjust turbine operations, have also proven effective in reducing collision risks. Additionally, long-term monitoring and adaptive management ensure that mitigation measures remain effective throughout the project's life cycle.
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This assessment evaluates risks using a risk matrix method with a likelihood and severity scoring system. It breaks down risks across three project phases: construction, operation, and decommissioning. This approach ensures that all potential impacts are addressed.
Risk Matrix Framework
The matrix combines likelihood and severity into a scoring system:
· Likelihood (Probability):
· 1 (Rare): Highly unlikely, occurs once in 10 years.
· 2 (Unlikely): Possible but unexpected, occurs once in 5–10 years.
· 3 (Possible): May occur, occurs once in 1–5 years.
· 4 (Likely): Expected under normal conditions, occurs annually.
· 5 (Almost Certain): Highly probable, occurs multiple times yearly.
· Severity (Impact):
· 1 (Minor): Minimal, reversible impacts on the local environment.
· 2 (Moderate): Localised impacts, reversible with minor mitigation.
· 3 (Significant): Regional impacts requiring active intervention.
· 4 (Major): Severe impacts with long-term consequences.
· 5 (Catastrophic): Irreversible impacts, widespread environmental degradation.



	Risk Matrix Table

	Risk
	Likelihood
	Severity
	Risk Level
	Phase
	Details

	Soil erosion near the stream
	4 (Likely)
	3 (Significant)
	12 (High)
	Construction
	Risk of sediment runoff into the stream causing water pollution and habitat degradation.

	Habitat loss and fragmentation
	4 (Likely)
	4 (Major)
	16 (Critical)
	Construction
	Vegetation clearance impacting flora and fauna.

	Bird and bat collisions
	3 (Possible)
	4 (Major)
	12 (High)
	Operation
	Migratory and local bird species are at risk of turbine blade collisions.

	Water pollution from runoff
	3 (Possible)
	4 (Major)
	12 (High)
	Construction
	Contamination of wetlands and streams from oil, chemicals, or other materials.

	Noise pollution affecting wildlife
	3 (Possible)
	3 (Significant)
	9 (Medium)
	Construction/Operation
	Construction and turbine noise potentially disrupt local wildlife habitats.

	Noise pollution affecting residents
	3 (Possible)
	2 (Moderate)
	6 (Medium)
	Operation
	Low-frequency noise from turbines may disturb the nearest residential area.

	Wetland habitat disruption
	3 (Possible)
	4 (Major)
	12 (High)
	Construction
	Drainage changes, soil compaction, and vegetation loss impact wetlands.

	Traffic impacts on wildlife
	3 (Possible)
	3 (Significant)
	9 (Medium)
	Construction
	Increased construction traffic leads to habitat fragmentation or wildlife collisions.

	Visual impact on the rural landscape
	2 (Unlikely)
	2 (Moderate)
	4 (Low)
	Operation
	Potential aesthetic changes negatively affect rural tourism and community views.

	Farmland soil contamination
	2 (Unlikely)
	3 (Significant)
	6 (Medium)
	Construction
	Risk of soil contamination from spills or materials during construction.

	Waste generation during decommissioning
	2 (Unlikely)
	3 (Significant)
	6 (Medium)
	Decommissioning
	Improper disposal of materials, including turbine components, could harm the environment.

	Post-construction habitat recovery
	3 (Possible)
	3 (Significant)
	9 (Medium)
	Decommissioning
	Potential for incomplete restoration of disturbed habitats, affecting long-term biodiversity.
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The assessment identified critical risks, including habitat loss and fragmentation, soil erosion near the stream, bird and bat collisions, and wetland habitat disruption.
Critical Risks and Mitigation Actions
One of the most significant risks is habitat loss, severely threatening the project area's biodiversity. The site's proximity to a Site of Special Scientific Interest (SSSI) increases the risk of disturbing protected habitats, impacting breeding grounds, feeding areas, and migration routes for vulnerable species. Mitigation measures include conducting comprehensive biodiversity surveys to identify critical habitats and implementing construction schedules that avoid sensitive breeding and migration periods. Also, establishing habitat corridors and creating conservation offsets can help balance habitat loss.
Another critical concern is soil erosion near the stream, which could result in sediment and chemical runoff contaminating the stream. Construction activities, such as road development and turbine installation, increase this risk. Erosion control measures should be employed, including silt fences, vegetation replanting, and buffer zones around the stream. Continuous water quality monitoring is crucial to detect and address potential pollution promptly.
Bird and bat collisions represent another high-priority risk, particularly given the area's migratory and local bird populations. Wind turbines are known to pose collision hazards for these species, potentially impacting biodiversity. Mitigation strategies include installing advanced wildlife monitoring and deterrent systems to minimise collisions. Adjusting turbine operations during peak migratory seasons, such as reducing speeds or implementing temporary shutdowns, can further reduce this risk. Turbine placement should also be carefully planned to avoid known migration routes and high-density bird habitats.
Wetland habitat disruption is a significant concern due to the site’s mixed terrain, which includes ecologically sensitive wetlands. Heavy machinery use and construction activities can lead to soil compaction, drainage alterations, and habitat loss. Construction in wetland areas should be minimised to mitigate these impacts, and low-impact machinery should be utilised. After construction, restoration efforts, including replanting vegetation and stabilising soil, are necessary to restore ecosystems. Effective drainage systems must also be designed to maintain natural water flow and support wetland recovery.
Other Significant Risks
Several medium-priority risks also warrant attention to minimise environmental and social impacts. Noise pollution, both during construction and operation, could disrupt wildlife and nearby residents. While the nearest village is 2 kilometres away, low-frequency turbine noise may lead to complaints and discomfort. Low-noise machinery should be employed, and activities should be scheduled to avoid sensitive periods for wildlife and the community.
Increased traffic during the construction phase poses risks to local wildlife, as vehicle movements can fragment habitats and result in wildlife collisions. Traffic management plans, including designated routes and restricted activity during peak wildlife movement periods, are recommended to mitigate these risks. Additionally, soil contamination from construction materials and spills could harm nearby farmland. To prevent this, hazardous materials should be stored away from agricultural areas, and robust spill containment and response plans should be in place.
Integration of Site-Specific Risks
The unique site characteristics identify many problematic risks, necessitating robust mitigation strategies. The location's proximity to a stream and an SSSI increases the potential for water pollution and habitat disturbance, requiring control measures for runoff and construction activities. The site's terrain, wetlands, farmland, and grasslands introduce soil erosion, habitat fragmentation, and drainage alterations. Biodiversity risks are worsened by the presence of protected species and migratory birds, emphasising the need for wildlife monitoring and habitat conservation efforts. While the village is relatively distant, noise and visual impacts could still disrupt residents and alter the rural landscape’s aesthetic value. 
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The risk assessment identifies significant environmental and social risks associated with the proposed wind farm, particularly during the construction and operational phases. These risks are amplified by the site's unique characteristics, including its proximity to a Site of Special Scientific Interest (SSSI), wetlands, a stream, and its use for agriculture and conservation. Similar challenges have been observed in various projects, such as the Viking Energy wind farm in Shetland, where construction activities led to a peat slide, causing permanent environmental damage (The Times, 2021). At the Berwick Bank Offshore Wind Farm in Scotland, there is a significant focus on risks related to marine birdlife, highlighting the critical need for wildlife protection measures during development (Berwick Bank, 2023). These cases emphasise that habitat loss, soil erosion, bird and bat collisions, and wetland disruption are the most pressing challenges requiring robust mitigation strategies.
Habitat loss and fragmentation are particularly critical due to the proximity of protected areas and vulnerable species. Vegetation clearance for turbine installation and access roads threatens the ecology, impacting breeding and feeding grounds and migration routes. Mitigation measures such as biodiversity surveys and conservation offsets must be completed with long-term monitoring to ensure effective ecosystem recovery. Similar concerns were noted at the Viking Energy wind farm, where insufficient mitigation led to ecological degradation (The Times, 2021).
Soil erosion and water pollution present another critical concern, particularly near a stream. Construction activities increase sediment runoff, degrading aquatic ecosystems and impacting downstream water quality. Mitigation measures such as silt fences, buffer zones, and erosion control plans are crucial for addressing these issues. Whitelee Wind Farm, near Glasgow, developed a restoration technique to mitigate the long-term erosion effects involving un-ploughing and smoothing the ground and spreading forestry residues, resulting in a flattened surface protected from erosion. (BVG Associates, 2019).
Bird and bat collisions, primarily during the operational phase, underscore the need for technological solutions and adaptive turbine management. Migratory species face heightened risks, as evidenced by challenges at the Spring Valley Wind Farm in Nevada, USA, where a collision occurred, resulting in the death of a golden eagle (National Geographic 2022). A mitigation measure that could have been implemented is ultrasonic deterrents, and reducing turbine speeds during migration periods can minimise these impacts but require rigorous wildlife monitoring.
Finally, medium-level risks such as noise pollution and waste generation still warrant attention. The Kawailoa Wind Farm in Hawaii demonstrated the importance of addressing operational noise impacts on nearby communities, as noise complaints disrupted local communities (Nonapua, 2022). Addressing these risks through low-noise technology, proper waste disposal, and community engagement can mitigate social impacts and foster stakeholder support.
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The proposed GreenWind Energy Ltd. wind farm has the potential to make a significant contribution to renewable energy targets, supporting the UK's net-zero goals and reducing reliance on fossil fuels. However, its development must carefully address the environmental risks identified during the assessment to align with sustainability and regulatory requirements.
The proximity of the project site to a Site of Special Scientific Interest (SSSI), diverse habitats, and a stream presents critical challenges. Habitat loss and fragmentation are identified as significant risks, necessitating robust biodiversity surveys, habitat corridors, and conservation offsets. Mitigation measures must be implemented alongside long-term monitoring to ensure effective restoration of ecosystems. Lessons from similar projects underscore the importance of balancing energy goals with ecological preservation to avoid lasting environmental damage.
Risks such as soil erosion and water pollution during construction are also critical, particularly near wetlands and streams. Using erosion control measures like silt fences, buffer zones, and replanting vegetation is essential to safeguard aquatic ecosystems and maintain water quality. Drawing on best practices from other wind farms, such as effective ground restoration techniques, can minimise these impacts.
Bird and bat collisions, particularly for migratory species, highlight the need for wildlife monitoring technologies and turbine management. Techniques such as adjusting turbine operations during peak migration periods and installing deterrent systems can significantly reduce these risks, as evidenced by challenges faced in similar projects worldwide.
Medium-level risks, including noise pollution, traffic impacts on wildlife, and waste generation during decommissioning, also require attention. Employing low-noise machinery, traffic management plans, and proper waste disposal can mitigate these impacts, fostering positive community relations and reducing social disruptions.
The integration of these mitigation strategies demonstrates a commitment to sustainable development while addressing site challenges. The project must incorporate a framework for ongoing environmental monitoring to address impacts throughout its lifecycle. Collaboration with local stakeholders, conservationists, and regulatory bodies will be critical in ensuring that the project advances renewable energy objectives without compromising ecology or community well-being.
By implementing the proposed mitigation measures, the GreenWind Energy Ltd. wind farm can serve as a model for environmentally responsible renewable energy projects, contributing to climate change mitigation while safeguarding biodiversity and supporting local sustainability efforts.
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