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[bookmark: _Toc214260212]Introduction
An Environmental Risk Assessment (ERA) is crucial when starting new renewable energy projects, to ensure appropriate strategies are put in place to mitigate any potential risks surrounding the project. This report will specifically review a proposed windfarm in the North-east of England. A renewable energy developer proposes a wind farm, consisting of 6 wind turbines, each with the capacity of 3.5MW. This farm will be linked to the national grid with a portion of electricity supporting the local energy cooperative initiative. The following characteristic of the site includes:
· Location: rural area, adjacent to a stream and close to a site of special scientific interest, within 2km to a local village, and existing land is used for agriculture and conservation.
· Topography: Mixed terrain (farmland, grassland, wetlands).
· Biodiversity: Habitat to various plant and bird species.
The following components have been listed as ‘key’ for this project:
· Wind turbines: Tower made of steel, blades made of composite materials.
· Roads to site: New roads to connect turbines and infrastructure are required.
· Substation: To connect to national grid.
· Maintenance facilities: Require a maintenance and operation building on-site.

[bookmark: _Toc214260213]Aims
The reports’ primary aim is to understand environmental risks surrounding the construction of a wind farm, specifically with the characteristics that were stated in the brief. 
This can be broken down into the three categories:
1. Understanding of the environmental risks
2. Develop mitigation strategy for any harm to the environment or local people
3. Propose a sustainable solution to a renewable energy project
[bookmark: _Toc214260214]Objectives - Environmental Risk Assessment (ERA)
The main objective is to prepare an Environmental Risk Assessment (ERA) for the proposed windfarm. An ERA will allow the researcher to identify, assess and manage any potential risks to environment and human, this should give clear guidance on how mitigation strategies can be developed for the highlighted risks (Elsharkawy and Sharkawy, 2025). It is important to assess the sites development at phases; Construction, Operation, and Decommissioning, as each phase could cause different environmental issues. Following UK regulatory frameworks is also important for this project such as Environmental Acts (Environment Act 2021; Environmental Protection Act 1990).

[bookmark: _Toc214260215]Methodology 
The next section of the report will reveal how the environmental risks for the proposed wind farm were discovered and measured. It will specifically detail the processes and tools that were used to analyse the severity of these risks and how the risk assessment was made fair and repeatable. The methods used in this report followed guidance from; ISO 31000 and DERFA’s Risk Assessment guidelines (ISO, 2018; DEFRA, 2011).
[bookmark: _Toc214260216]Environmental Risk Assessment – Stages
The Environmental Risk Assessment that was carried out in the report, can be categorised into for stages (Shahryar Jafarinejad and Beckingham, 2023).
1. Hazard Identification
· During the first stage, any potential sources of harm will be identified.
2. Exposure Assessment
· At the exposure stage, the frequency, magnitude and duration of human exposure to the hazards are estimated.
3. Dose-response Assessment
· During this assessment, the relationship between the dose of a substance and the occurrence/severity of the effects are analysed.
4. Risk Characterisation 
· Finally, the probability, nature and severity of these effects will be predicted deriving the information from previous steps.
 A simple formula will be used: 




· 






[bookmark: _Toc214260217]Risk Matrix – Grading System
A 5x5 Qualitative matrix will be used to grade risks, an example of this can be seen is in Figure 1.
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[bookmark: _Toc213867879]Figure 1 - A Standard Risk matrix (Kaya, 2018)
Each risk can be graded as:
· Rare (1-5) – Little to no impact
· Moderate (6-10) – Noticeable effect but can be managed
· High (11-15) – Serious impact but can be controlled
· Very High (16-25) – Needs urgent attention
[bookmark: _Toc214260218]Assumptions and Limitations
The assignment brief provides basic information regarding the project but lacks detail in certain areas. Assumptions are going to be made to properly conduct the risk assessment. According to research (James,2025), it can be assumed that this project will have a construction time of 6-8 months. Wind speed was not stated, but UK Windspeed data bases claim that average speeds in rural Northeast England areas typically range from 6 to 8 m/s at turbine hub height of (45-80m) (OpenNetZero, 2023). As the nearest village is 2km away a moderate noise and visual impact can be assumed.  A limitation to the risk assessment was that there was no local noise or wildlife survey data available, this creates uncertainty as no field data was collected. 



[bookmark: _Toc214260219]Justification 
An environmental risk assessment was selected for this project as it is a simple, clear tool to use in early project planning.  This tool can proactively identify potential hazards and risks before full environmental surveys are conducted. The 5x5 matrix can support balanced decision making considering the lack of data. Ultimately, by using this method these assessments can lead to significant long-term savings due to preventing damage, reducing remediation costs while managing liability. As this tool is easy to understand it can easily communicate the results to stakeholder who may not be specialists in the technology side of the project but are down as key decision makers.



[bookmark: _Toc214260220]Risk Identification and Evaluation
Academic research and industrial studies show the importance of optimising and adapting risk assessments for specific use (Hamilton, Kigerl and Kowalski, 2021). By referring to the guidelines in the document produced by DEFRA (2011), the researcher was able to create a template that is clear, reproducible and effective when assessing environmental risks, the document clearly outlined the importance of having standardised templates and a structured approach. The following part of this report will assess the Environmental risks of the proposed renewable energy project, in a structured manner scoring it against low to urgent priority, highlighting three key project phases: construction, operation, and decommissioning.  Initially, the hazard and risk will be explained and scored for likelihood and severity, giving a risk rating without any measures in place. A mitigation strategy will be considered, and a residual risk rating will be given, which is a revaluation of likelihood and severity with controls in place (Lehmann, 1990). 
[bookmark: _Toc214260221]Scoring Key
Table 1 shows the how likelihood and severity of each risk will be ranked, whereas Table 2 is colour coded so that each risk score is highlighted on the assessment, so that the user understands instantly what needs to be prioritised in the action plan.
[bookmark: _Toc213867828][bookmark: _Toc213867907]Table 1- Risk Grading Matrix
	Likelihood
	Severity

	
	Minimal Impact
1
	Low Impact
2
	Medium Impact
3
	High Impact
4
	Extreme
5

	Near Certain
5
	5
	10
	15
	20
	25

	Expected
4
	4
	8
	12
	16
	20

	Occasional
3
	3
	6
	9
	12
	15

	Improbable
2
	2
	4
	6
	8
	10

	Very Unlikely
1
	1
	2
	3
	4
	5



[bookmark: _Toc213867829][bookmark: _Toc213867908]Table 2 - Risk Assessment Colour Coding
	

	Low
1-4
	Moderate
5-9
	High
10-15
	Extreme
16-25




[bookmark: _Toc214260222]Construction Phase
[bookmark: _Hlk213858826]The risk assessment in Table 3 highlights runoff of sediments and pollutants into the near stream as the most extreme risk. Research shows that wind farm can impact aquatic ecosystems negatively (Plymouth Marine Laboratory, 2021). Careful construction planning and implementation of mitigation strategies such as barriers ensure the likelihood and severity of the risk is lowered. 
[bookmark: _Toc213867830][bookmark: _Toc213867909]Table 3- Construction Phase - Risk Assessment
	No
	Hazard
	Risk
	Likelihood
	Severity
	Risk Score
	Mitigation
	Residual likelihood
	Residual Severity
	Residual Risk Score

	1
	Earthwork and excavation activities near the adjacent stream
	Face risk of soil erosion, runoff carrying sediment or pollutants the local stream which could spread contamination during initial foundation works
	4
	5
	20
	Ensure work is scheduled to avoid wet conditions, install slit fences and replant soil. No fuel is to be stored within range of the stream.
	2
	2
	4

	2
	Construction very close to Site of Special Scientific Interest and Bird habitats.
	There is a risk of noise, and vibration disturbing habitats of the protected species listed in the project brief. 
	3
	4
	12
	Survey to be carried out before work starts, implement an exclusion zone on site. Prioritise avowing work during nesting season. Hire environmental officer to monitor project.
	2
	2
	4

	3
	Substation installation and resulting electrical work
	Thus, could result in transformer oil or fuel leaks polluting the soil. If cables or machinery are incorrectly installed, there is a risk of fire. 
	2
	4
	8
	Ensure the following is kept on site, alongside daily inspections during construction:
· Bunded containment under transformers
· Spill Kits
· Fire response equipment
	1
	2
	2

	4
	Construction traffic and deliveries
	The nearby village (2km), faces a risk of increased noise, dusk and safety issues resulting from traffic caused during construction.
	3
	3
	9
	Deliveries should be scheduled for off peak times, implement appropriate speed limits. Set up local community drop-in sessions to ensure communication is consistent. 
	2
	2
	4






[bookmark: _Toc214260223]Operation Phase
During the operation phase, the main cause for concern is the potential of bird strikes. The proposed site will be near Site of Special Scientific Interest and home to protected bird species. The Smøla wind farm in Norway faced the same issue, as 28 eagles were reported dead near the site between 2005 and 2009 (Dahl et al., 2012). Other risks highlighted in table with the windfarm such as rotating blades causing shadow flickers were scored much less significant as they could be controlled easier.
[bookmark: _Toc213867831][bookmark: _Toc213867910]Table 4- Operation Phase - Risk Assessment
	No
	Hazard
	Risk
	Likelihood
	Impact
	Risk Score
	Mitigation
	Residual likelihood
	Residual Impact
	Residual Risk Score

	5
	Rotating turbine blades
	This is a major risk for bird strike, especially migratory and the protected species near the Site of Special Scientific Interest
	4
	5
	20
	Implement systems that are radar assisted and shut down during migration. Montor bird activity to avoid operation during flight hours
	2
	3
	6

	6
	Noise from turbine operation
	Residents from the nearby village could face noise disturbances, as well as the nearby wildlife in the farmlands and wetlands.
	3
	3
	9
	Use blades that are designed to make minimal noise, ensure regulations are followed and there is a minimum distance from residential areas, restrict late hour use and dedicate to maintenance
	2
	2
	4

	7
	Rotating blades shadow flicker
	During certain times of the day, nearby homes may be impacted by the visual disturbances
	3
	2
	6
	Pause turbine during hours that would disturb residents the most.
	2
	1
	2

	8
	Impact to visual of landscape
	The local rural view will be impacted potentially causing community concerns
	3
	4
	12
	Have community feedback loops, where possible hide with vegetation, have a cleaning schedule.
	2
	3
	6







[bookmark: _Toc214260224]Decommissioning Phase
The main issue raised from the Table 5’s risk assessment during the decommissioning phase was that the blades proposed are to be made from a composite material that is non-recyclable. According to Melhuish (2024), 5500 wind turbines in Scotland are to be decommissioned, whereas currently majority of blades are sent to landfill; the article claims that this is an unsustainable approach as given the United Kingdoms limited landfill capacity. Solutions will be explored in the next section of this report.
[bookmark: _Toc213867832][bookmark: _Toc213867911]Table 5- Decommissioning Phase - Risk Assessment
	No
	Hazard
	Risk
	Likelihood
	Impact
	Risk Score
	Mitigation
	Residual likelihood
	Residual Impact
	Residual Risk Score

	9
	Dismantling turbine towers and blades
	There is a risk of falling parts causing injury or damaging soil and local habitats
	3
	4
	12
	Ensure staff are trained, with the use of cranes in safety zones
	2
	2
	4

	10
	Removal of turbine foundations
	Again, there is a soil distance and erosion near stream risk with this hazard
	3
	4
	12
	Ensure excavations are backfilled, soil is compact, erosion matts to be installed, reseed all area that get disturbed, runoff is monitored closely during wet periods
	2
	2
	4

	11
	Disposal of composite blades and materials
	Blades that are made from non-recyclable material could cause landfill waste
	4
	5
	20
	Reuse materials where possible, dispose of waste through licenced units. Seek partnership with specialised composite recycling firms during project planning stages.
	2
	3
	6

	12
	Loss of local employment after closure
	Near communities could be impact economically and socially by the commissioning of the turbines
	3
	3
	9
	Offer personal re-training, try to reuse land to create new local jobs.
	2
	2
	4






[bookmark: _Toc214260225]High Priority Risks and Mitigation  
The proposed renewable energy project was evaluated using an Environmental Risk Assessment. This give the researcher a clear idea on what could be considered as the three high priority risks for this project. This section of the report outlines the main risk at each stage, construction, operation, and decommission while discussing potential mitigation strategies that can be put in place, these three risks were briefly touched upon in Section 4.
[bookmark: _Toc214260226]Stream Contamination – Construction
A common challenge most wind farm projects face is soil erosion due to the nature of the construction. According to research by Watch (2024), “Reduced vegetation cover by wind power development exacerbates soil erosion”. Specifically in the case of the proposed windfarm project clearing vegetation, excavating access roads and the construction on undisturbed land will result in soil erosion and compaction.  Recent studies show that new road development and heavy machinery reduces water infiltration and increases surface runoff and sediment transportation, this would be considered a high risk for the proposed project due to the adjacent stream (Xia et al., 2024).
There are numerous mitigation strategies that can be considered to protect the stream from contamination. Firstly, during the planning of the project it would be a good idea to map the proposed site for areas of steep slopes, water courses and soil that would be considered vulnerable. To reduce erosion caused by water, it is recommended that heavy machinery is not placed on slopes, and all major project earthwork is planned for drier weather, avoid construction during Autumn and Winter. The construction of new wide-grade access roads should take place well before the main works alongside the appropriate drainage and sediment systems. After all major works, a seed mix native to the land should be replanted with vegetation cover, two seasons should be taken into consideration when planning so the roots systems can stabilise.
Moreover, consistent monitoring of soil moisture and condition should take place during construction. Any detected compaction will required immediate attention to reduce the severity of the issue, decompaction or sub-soiling will be performed to restore porosity. Run off can be managed by diverting clean water from disturbed zones while sending contaminated water through silt ponds. Any fuel storage must comply with environmental and safety standards such as bunding, spill prevention, and fire protection (HSE, 2009). 
Finally, for any erosion control features such as sediment fences or silt traps implement, regular maintenance inspections are required. The multiple layer control method will hugely reduce the risk of sediment reaching the near by stream and harming aquatic ecosystems.
[bookmark: _Toc214260227]Bird Strike – Operation
During the operational phase, of a windfarm project, bird species face a risk of collision with the turbines. There is a particular risk with the proposed project, and the site is home to various birds, including migratory birds. Research indicates that collision risk can be reduced significantly by monitoring planning avoidance measures at early stages om the project (FWS.gov, 2021). 
Again, a detailed bird and bat survey should be conducted before operation begins, this will map out migration flight routes and areas high traffic. Locations should then be selected to avoid these areas, including the orientation of the turbines. An approach which is supported by large-scale offshore wind in recent studies, is the implementation of a real-time detection system driven by AI, when camera detects birds approaching the wind farms, turbines are controlled to slow down or pause until they pass through (Pallanich, 2025). By implementing cameras at the site, it could also give an opportunity to introduce a bird specie monitoring program, it could record any bird remains and track their behaviours over different seasons. These results could be shared to determine best operating hours.
Besides, visual hinderances could support reduce the risk. For example, making the blades more visible for birds such as painting them black may help. May et al. (2020) stresses that by increasing rotor blade visibility it can reduce annual collision mortality by up to 70% for bird species at wind farm sites.
[bookmark: _Toc214260228]Waste and Pollution - Decommissioning
At the decommissioning stage of a windfarm project, it needs to be considered that the large composite blades and other components require careful management. There are huge efforts to avoid landfilling these composite parts as it is not sustainable longer due to the harmful environmental nature. In Europe efforts are being made to develop closed-loop recycling systems to avoid landfilling turbine blade (ZEBRA, 2024a). Foremost, a proper decommissioning plan should be developed and planned well before the decommissioning due date. The plan should include the following:
· Identify recycling partners and reuse outlets
· Waste streams have been tracked and licensed facilities set up to receive (grinding blades down to be reused for cement filler etc)
· Appropriate site protection has been planned for dismantling of machinery (matts under cranes to prevent further soil damage etc)
· Plans in place to restore the land after decommissioning of site (reseeding, monitoring until ecosystems stabilise etc)
By having a plan ready well before the decommissioning phase, it ensures that all the progress made during by the measures implemented at construction and operation are not undone right at the end.




[bookmark: _Toc214260229]Conclusion 
This report has included an environmental risk assessment, that well-organised approach to identify, analyse and manage risks across the construction, operation and decommissioning of the proposed renewable energy project. By establishing a standardised template and using recent studies, major hazards were identified and rated against the criteria created. 
The mitigation strategy proposal for the three highest risks, provide more than your standard audit and inspections, they require early project planning, consistent live monitoring and control measures that are adapted to the specific project. Through the implementation of the tough erosion control, wildlife monitoring and an early detailed end-of-life plan, the environmental footprint of the said proposed project can be significantly reduced albeit its original site characterises are not the greatest for these types of projects. These actions will increase stakeholder engagement while minimising any environment or social concern
There were some limitations in this assessment. Survey data and models were not at hand so some assumptions were made, it would have been useful if there were access to site specific data such as soil profiles or flight paths of the protected bird species. It could be viewed that the risk scores given could be subjective. Any future work should collect quantitative and qualitative data before assessing risk.
Despite, even with the environment risks the assessment showed that this type of windfarm project can be sustainable if managed carefully. Rather than simply addressing problems as they occur, the mitigation strategies proposed state the importance of prevention, monitoring and adaptability. By constantly looking forward in this project, renewable development best practices are followed. 
The mitigation strategies emphasise prevention, monitoring and adaptability rather than simply mitigation after problems occur. This forward-looking stance helps to align with best practice in renewable development. Fundamentally, if mitigation strategies are carefully implemented and monitored, this project can be an example of how windfarms can be constructed responsibly. 
.
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