[bookmark: _Toc127279248][bookmark: _Toc160483482][bookmark: _Toc160548470]University of Wales Trinity Saint David
[bookmark: _Toc127278566]Wales Institute of Science and Art
[image: News from UWTSD – WHELF]



Risk Assessment and Project Management
Environmental Engineering and Sustainable Energy | ACMA5012






Morgan Davies
2205285 
February/March 2024

Contents

Introduction	2
Analysis of Risks	3
Risk Assessment Table	5
Net Present Value Calculation	7
Simple Payback Time	8
Conclusion	8
Reference List	10

















[bookmark: _Toc160548471]Introduction
The purpose of this environmental risk report is to assess the risks and hazards met with the planning and installation of a 2 Mega Watt (MW) wind turbine in a remote moor side location as well as to propose the appropriate mitigation. Furthermore, an analysis of the various aspects of wind turbine installation and operation that raise a risk to the environment, wildlife, and human populations will be undertaken. From the initial construction phase to ongoing maintenance and decommissioning, each stage presents unique challenges that must be addressed to mitigate the negative impacts. However, the construction stage is the most influencing stage for this report, as the construction of a wind turbine provides the most high-risk activities that need to be mitigated.
The methods used to identify these risks are quantitative research. The purpose for quantitative research is that it will measure the required objective with its environmental factors, provide a statistical analysis of the impacts, assist with the development of the future predictions and allows for data-driven decision making. Measuring the objective’s environmental impact ensures the risks severity can be quantified, so precise data collection can take place which provides a high accuracy to the risk assessment. Furthermore, a statistical analysis allows data to be analysed with the environmental factors to their risks so that patterns and trends can be highlighted, so decision making can be evidence-based. The use of using future predictions considers the future of the installation plan to observe future potential environmental risks and their impact. Moreover, by making decisions that is data-driven, additional evidence can be obtained so the management team can optimise the allocation of additional, required resources to maximise the efficiency of the wind turbine installation. 
 In addition, by investigating multiple approaches and best practices for mitigating these risks, considering factors such as site selection and technology advancements, it will enable the identification and addressing of potential hazards to harness the benefits of wind energy while conserving natural ecosystems and wildlife populations. Finally, a conclusion can be made to the management team to highlight the environmental risks involved and recommending strategies to promote responsible and sustainable practices.


[bookmark: _Toc160548472]Analysis of Risks
Firstly, when considering the high risks associated with the installation of the 2MW wind turbine, there are certain factors that must be assessed. This includes the location of its installation,  the materials used in construction of the turbine, ground usage in the surrounding areas (for cable trenches, grid connection and the maintenance road) and the impact the installation will have on surrounding ecosystems and the environment of the building site. 
The first high risk activity of this construction is in a site of special scientific interest (SSSI). An SSSI in the United Kingdom is an area which is designed to be conserved to protect its valuable biodiversity, including both plants and animals, and the area’s geological structure (SSSI-Site of Special Scientific Interest or ASSI, 2020). The reason for this being a high-risk factor is that the construction of a wind turbine in an SSSI area could cause a reduction in plant life in the area and damage the habitats of the animals and insects that currently live there. This will in turn increase the mortality of them, reducing the biodiversity of the area causing an ecological imbalance to food chains and ecological networks. Similarly, this impact could particularly affect the populations of birds and bats as the wind turbine presents an object between flight paths. However, although most birds that fly within 1km of the turbine would statistically tend to not orient themselves towards the turbine as they push themselves with the wind direction of the turbines (Santos et al., 2022). Highlighting that birds who habit close to the wind turbines could adjust to the change of the installation of the 2MW wind turbine. The high-risk concern lies with the populations of soaring birds and migratory birds. Studies from ‘Scientific Reports’ shows that birds that fly above the wind turbines did not change their flight patterns with turbine proximity. Factors such as uplift conditions, turbine height, bird age and sex demonstrate no flight direction change and pose as important drivers of turbine collisions by soaring and migrating birds (Santos et al., 2022).
 In addition, the location is on a remote moor side adjacent to a stream. This demonstrates that aquatic wildlife can also be affected. During the construction phase (particularly the cable trenches, grid connection and maintenance road), the disruption of soil and vegetation in the area to build the foundations of the wind turbine results in the topography being reshaped and sometimes changed entirely (Rahman and Esa, 2014). The consequence of this is that the soil becomes much more vulnerable to erosion due to the earth being loosened, which leads to runoff and flash floods during heavy rainfall, causing the sediment to be distributed into the waterway to become polluted which will reduce water quality and may cause harm to aquatic ecosystems (Rahman and Esa, 2014).
Furthermore, the turbine is to be installed on a working farm which could pose a high risk to the disruption of farming operations. Although there is minimal disruption during the operational phase of the wind turbine, as the area they take up is approximately between a quarter and half of an acre (trvst, 2019). This still leaves them with 98% of their land area which is a low risk as the farmer will still have the ability to operate normally as they can still grow crops around them, and livestock can also continue to use the land around them (trvst, 2019). However, the high-risk factor is within the construction phase. This is due to the potential risk of disrupting farm operations, including interfering with the planting, harvesting, and the management of livestock. Additionally, the installation process itself can pose safety hazards to workers and animals, especially if not executed with the appropriate precautions. Moreover, turbines require regular maintenance, and any malfunctions could lead to costly repairs and downtime for the farm.
Moreover, another environmental high-risk is from the use of high voltage electric cables and components. The use of using a wind turbine generator to convert the kinetic energy from the wind into electrical energy can be very hazardous if the risk is not controlled and mitigated effectively. Factors such as the compact design of the generator like a bus bar system, the small space within the nacelle not allowing for arc free assemblies and due to the turbine being exposed to the elements of the weather conditions which may cause damage, like the heat, cold, gale-force winds, sea mists and potentially storms allow for arc flashes to occur (AREPA, n.d.). This is when an arc fault occurs as a result of the light and heat produced by the system, which is a type of an electrical discharge due to a low electrical impedance connection to the ground from the air or from a different voltage phase (AREPA, n.d.). The temperature reached from flash arcs can be up to approximately 19,400 degrees Celsius which can cause massive amounts of damage to the other components and the nacelle structure (AREPA, n.d.). The importance of ensuring this risk is mitigated is because when an arc flash occurs, there is a high chance that any individuals, livestock or crops in the area this occurs could be severely harmed or damaged. Additionally, this poses as a fire hazard as fires can result from arc flashes which could spread across all electrical equipment and damaging the structure of the wind turbine nacelle, eliminating any recyclability of the components making environmental waste (AREPA, n.d.). The larger hazard is the spreading of fire to the farmland, as if a fire develops and travels to the farmers crops it could lead to a wildfire if not dealt with straight away. This means an entire field of crops could be destroyed resulting from an arc flash and any livestock in that field could be severely harmed or even killed if there is no way for them to escape (due to pens or fences) (AREPA, n.d.). To ensure the likelihood of an arc flash is reduced is to integrate circuit breakers in upstream and downstream currents which is known as zone-selective interlocking, place current transformers at each end of the zone protected equipment which are connected to differential relays, use energy-reducing maintenance switching which allows a circuit breaker to trip more quickly by reducing the trip setting and by using instantaneous trip and override circuit breakers to ensure a circuit breaker can trip and open as quickly as possible when a breach in the required current occurs (ASCO Power Technologies, n.d.)
During the decommissioning phase, the high environmental risk lies with the recyclability and reusability of the composite nacelle of the tower. The use of composite materials can be challenging to dispose of at the end of their lifespan. While some components may be recyclable, the recycling infrastructure for composite materials is limited, and most composites end up in landfills. This is due to the nature of composite materials being resin-based and a thermosetting material, which means once a shape from the material has been made it cannot be heated and reshaped into another form. This could lead to long-term environmental damage and resource depletion in the future if the ability to recycle these materials is not made or an alternative material for the use of a nacelle in a wind turbine is unable to be fabricated. To reduce the environmental impact of the nacelle materials, environmentally friendly materials can be used. For example, Natural fibres such as jute, flax, and hemp can be taken advantage of as sustainable alternatives and bio-based polymers constructed from sustainable sources like plant oils or starches (Energy5, 2023).
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	Task
	Hazard
	Likelihood
	Consequence 
	Risk Rating
	Mitigation Measures
	Residual Likelihood
	Residual Consequence 
	Residual Risk Rating

	Construction of the 2MW turbine in an SSSI area 
	A decrease in biodiversity due to plant and animal life loss

	4
	3
	12
	· Conduct an environmental impact assessment to evaluate which species are needing protection
· Implement habitat restoration measures to restore any habitats impacted by construction
· Compensate by investing in conservation projects in other locations to protect other biodiverse areas
· Ensure compliance with the suitable legal requirements for the specific area (as they change depending on country i.e. Wales, England etc.)
	2
	2
	4

	Construction of the 2MW turbine in an SSSI area
	Bird collisions with wind turbine 
	4
	2
	8
	· Paint turbines in a colour that is very visible on the soaring bird’s colour spectrum
· Put in place a radar system to track bird paths to avoid construction in a particular zone of the SSSI area
· Use noise or visual deterrents 
· Seasonal shutdowns with migrating birds. This, however, does give the drawback of financial costs as there is more downtime for the wind turbine.
· Monitor and research bird activities
	2
	2
	4

	Removing soil for cable trenches, foundations and maintenance road etc.
	Mortality rate increase of aquatic wildlife and a decrease in water quality
	3
	2
	6
	· Collect the removed soil from the ground into a suitable container, e.g. a dump truck
· Place barriers around the construction site to reduce the impact of flash floods
	2
	1
	2

	Construction/ maintenance on a working farm 
	Disruption of farming operations and a safety concern towards livestock
	5
	3
	15
	· Require farmer to move livestock to another location, at least a 300m radius from the border of construction and every time maintenance is to occur.
· Rotate construction hours and maintenance hours to times when the area is out of use to farmer 
	2
	3
	6

	The use of high voltage components and cables 
	Arc flashes and fire hazards can occur leading to wind turbine and farm damage
	4
	5
	20
	· Use zone-selective interlocking
· Place current transformers at each end of the zone protected equipment which are connected to differential relays
· Use energy-reducing maintenance switching
· Use instantaneous trip and override circuit breakers to ensure a circuit breaker can trip and open as quickly as possible when a breach in the required current occurs
	2
	4
	8

	Decommission-ing of the composite nacelle
	Long-term environmental damage and resource depletion in the future if the ability to recycle these materials is not made or an alternative material for the use of a nacelle in a wind turbine cannot be  fabricated
	5
	2
	10
	· Use natural fibres such as jute, flax, and hemp
· Use bio-based polymers constructed from sustainable sources like plant oils or starches
	2
	1
	2
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NPV at 10 years= -£888,070.17
NPV at 27 years= £108,596.84 
This demonstrates that profit is made when the lifetime cycle of the turbine is complete.

Including Predicted Mitigations
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Assuming the risk mitigation factors demand an additional £100,000 the NPV is calculated at £8,596.84. This highlights that there is a high margin of costs that can be applied before the project becomes unviable after a lifetime of 27 years.
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To summarise, the installation of a 2MW wind turbine in the remote moor side location is a viable project to commence. Each of the critical risks identified within this report can be mitigated appropriately for their respective drawbacks. The risks with the largest financial mitigations are that arc flashes could occur due to the high voltages, the creation of a nacelle using plant based or biological based polymers and the construction taking place within an SSSI. This is due to: the risk of arc flashes requires additional expensive electrical components i.e. override circuit breakers, the use of plant based composites are more costly than the petrochemical equivalents and the risk of installation in an SSSI coupled with damaging biodiversity can result in heavy fines or potentially lawsuits if legislation of the land is not met. However, an annual revenue of £200,000 per year leads to a net present value of -£888,070.17 at 10 years and £108,596.84 at 27 years which demonstrates that this is an accomplishable project. When including predicted costs for mitigation, the new NPV is calculated at £8,596.84 when the assumption is made that the costs for the high-risk mitigation strategies will be £100,000. The mitigation costs will undoubtably sit lower than this price, therefore, it is appropriate to say that this project is viable. Due to obtaining a positive net present value when the new initial investment is £2.1 million (or lower), this additional outgoing cashflow is justified with making a workable and profitable project when including the costs of the mitigation methods in place. 
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