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[bookmark: _Toc120812085]Aims
Develop an environmental risk assessment for the installation and life of a 2 MW wind turbine.  Turbine location is on a Moorside location with a running stream nearby, a site of special scientific interest(SSSI) and a working farm.  The wind turbine will be of a standard construct of steel tower, composite nacelle and all internal fittings.  Foundations will be concrete with steel reinforcement, considerations will also be given to cable trenches, maintenance roads, control gear, and grid connection.

An initial investment of £2,000,000 with an annual OPEX of £56,000 with an annual revenue stream of £200,000 per year is expected.  

[bookmark: _Toc120812086]Objectives 
Understand the main risks associated with the installation of a 2 MW wind turbine.  Take the risks of installation and life time risks, develop solid mitigation strategies and systems to reduce risks to an acceptable level.  Gain an understanding of external risks that may affect the operation of the wind turbine over its lifetime.  

Using the data provided using the NPV (net present value) valuation model to calculate the financial risk of the project over a 10 and 27 year time frame with a discount rate of 5%.  This will factor in to the overall risk of the project in current conditions.  

Attention will be drawn to certain externalities that could affect the overall risk of the project.

[bookmark: _Toc120812087]Project risks
The location of the proposed installation of the 2MW wind turbine poses a selection of risks.  These will be split into environmental, structural, and externalities, these will then help to have an understanding of the financial risks.  The main environmental risks come with the location geography; a moorside location adjacent to a running stream, a site of special scientific interest, and a working farm.  

The risk assessment system used is broad definition system, this includes the severity and the likelihood on a scale of 1-5 for each.  This gives a potential score from 1-25.  This system is used to give a clearer view on the risks involved.  
[bookmark: _Toc120812097]Table 1 Risk Assessment Broad Definition system
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[bookmark: _Toc120812098]Table 2 Environmental Risk assessment for the 2MW wind Turbine
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The running stream is of great concern, this is due to the ability to very easily and quickly spread any pollutant to a large area.  Pollutants in this circumstances not only include the traditional pollutants, chemical pollutants, but also natural pollutants such as suspended matter.  This can be a problem as it attracts heavy metals.  This happens naturally and can help develop a streams ecosystem.  This also means with the introduction of more and excess suspended matter can have a detrimental effect to the current ecosystem.  Suspended matter can have a big affect to the natural wildlife in the stream, some fish and micro-organisms can only survive in very clear water.  As the stream will run in to other larger water ways, weather that is rivers lakes or even underground systems.  Lots of care has to be taken looking into the possible destinations of suspended matter.  Salmonids have been documented to have alterations to their physiology and behaviour due to the alterations in their habitat.  This puts a lot of physiological stress on the fish and lowers the survival rates of the fish (Jeff Bash, 2001).   

The SSSI brings to the foreground the need to take special care to not be intrusive with all stages off the project.  One ill planed operation or accident could cause irreversible damage to the SSSI, this may be apparent very quickly or it may take years for the results of this to surface. This could be down to something as little as the selection of hardcore crush used to construct the access roads and temporary construction pad used by the cranes for assembly.  Time will need to be invested into understanding what, about the site makes it of interest.  With a better understanding it may become apparent that the wind turbine may be very detrimental to the site, either by the construction or by the operational running of the turbine.  In the case of birds attached to the SSSI the law protects these species and there will need to be a set monitoring system implemented to ensure that the installation and running does not have an adverse effect on the populace (gov.uk, 2015).  If the installation causes more than an increase of 1% of background deaths in the populace then local authorities will then be involved.  Birds and bats that are not stated as being monitored due to being in a healthy populace or not of scientific interest are not covered by this and as such no monitoring of impact needs to be recorded.  

With the constant altering of the world’s climate due to man made factors and unknown repercussions due to the increasing population.  There are several externalities that could play a large part in the operational life time of the wind turbine.  The reliance on certain speeds of wind to be efficient is a worrying concern, with the weather systems in the UK reliant on deep sea currents in the Atlantic.  With melting ice caps and the cooling of the sea, some of these deep sea currents may stop to function as we know.  Most of the UK has a high weather pressure system coming in from the west over the Atlantic, if this were to change then they UK could slip towards a low pressure weather system.  This would have a catastrophic affect on wind generation, due to the more erratic nature of low pressure systems.  Low pressure systems generate higher wind speeds and more extreme weathers, leading to more times when the wind turbine would have to be shut down for safety concerns.  The highest frequency of wind speeds are 5-8 meters per second wind speed as seen in figure 1.  With this most wind turbines are designed with this in mind, if wind speed alters too much from there specifications then there will be a need for altering.  

[image: ]
[bookmark: _Toc120812092]Figure 1 Figure showing the frequency of wind speeds (Nicholas H. Johnson, 2010)

Another area for concern is the world affairs.  This could be seen as a positive, due to current world issues the price of energy has increased by a large amount in the UK as of writing.  This may continue and would only make the project more profitable the longer it runs.  This could also have an negative effect as research and development time and costs may be pulled into other areas, increasing the construction costs and the maintenance costs by an unknown amount.  If parts or skilled personal end up being redirected to other more pressing developments and projects this may cause the project to encounter highly inflated costs over its life time.  



[bookmark: _Toc120812088]Risk Mitigation 
Risk mitigation is developing strategies that will reduce the impact of risks and disasters on the operation of a implemented system, often a business (Lutkevich, 2021).  

The mitigation to the risk of leaking suspended matter into the running stream will have to be strict as there are a number of ways of this happening.  The reduction of over saturation of areas that construction will take place in will help in reduce the amount of lose particles that can then be washed away with rain fall.  The way that this will be achieved is by providing adequate drainage on the entirety of the site, during and after construction, along with a brief study of current watershed properties.  This will give a clear indication as to what issues the geography may cause for placement and construction.  Not only would this help mitigate the environmental risk to the stream but also the safety risk to construction in the form of flash flooding and wash away.  With the study completed a physical plan with a drainage network can be designed as necessary. 

With the unknown nature of the SSSI it is hard to plan a solid mitigation plan, but certain systems can be implemented.  In other case studies from around the world some systems can be expected.  One such thing is to invest into the education of local parties and in doing so use the newly gained students to carry out monitoring duties and to help develop new mitigation strategies with real time data that they have gathered (Nicholas H. Johnson, 2010).

With the very possible reality of the gulf stream collapsing in the lifetime of the project this could bring more varying wind speeds to the wind turbine.  Along with the difference in wind speed would also be the change of average temperatures across the country.  With the latitude of the UK being at the same as Canada, it could become common place to see snowfields linger on the countryside for months at a time (Morrow, 2021).  This would need to be accounted for due to the change in operating conditions, parts may need to be altered or changed due to the larger range of temperatures.  Freezing components could have a direct impact on energy generation and maintenance routines.  To combat all the problems that may arise due to weather patterns that might emerge in the lifetime of the turbine, the use of a lower height tower may be used, also the ability to change blade lengths to a smaller wind blade will help.  If the wind speed increased then the blades can be changed out to accommodate this, as turbines that are used in high speed areas generally have smaller blades.  This along with the design of the turbine to be modified for cold weather applications should help safeguard the longevity of the project.  It is worth noting that at the current time of writing there are no regulations or advice for the adaptability and resilience of wind generation (Seaman, 2022).

Mitigation against world affairs is a very difficult area.  There are many analysts around the world that try to get an understanding on what will happen next in the international stage.  The best method of mitigation is to become as self-sufficient as possible.  This would mean sourcing construction companies and maintenance specialists from the local area.  Local in this sense would be on a national level.  This means that the supply chain for initial construction and maintenance would be less likely to be affected by other global events.  This is a pressing concern for business moving forward, with the blockage of the Suez canal by the Ever Given, it can be seen that having a reliable and efficient global supply chain is critical.  This has only been increased with ongoing conflicts in eastern Europe with Russia, preventing freight by rail safe access (Kummer, 2022). 

Finance 
The initial investment for the project is £2000000 ( two million GBP).  The expected revenue income from the project is forecast at £200000 (two hundred thousand GBP) with a running expenditure or £56000 (fifty six thousand GBP).  The expected discount rate for the project is 5%.  Running on the expected time scales of 10 years and 27 years, there are a few conclusions to be drawn.  These can be more easily seen in table 3.

On a 10 year plan the project is ill advised as the investment will be running a negative return.  From the initial investment along with the discount rate the investor would be down £888070 (eight hundred eighty eight thousand and seventy GBP) this would equate to a loss of 44.40% of the initial investment while also accounting for the discount rate.

With the 27 year plan, the financial gain makes it a worth while investment.  With the discount rate included, by year 27 there will be a positive gain of £108597 (one hundred and eight thousand, five hundred and nighty seven GBP).  This then equates a positive gain of 5.43% of the initial investment, accounting for the discount rate.
[bookmark: _Toc120812099]Table 3 Table showing the income, expenditure and profit of the project over the desired timeframe
	Year
	Income
	Expenditure 
	Profit

	0
	£0
	-£2,000,000
	-£2,000,000

	1
	£200,000
	-£56,000
	-£1,862,857

	2
	£200,000
	-£56,000
	-£1,732,245

	3
	£200,000
	-£56,000
	-£1,607,852

	4
	£200,000
	-£56,000
	-£1,489,383

	5
	£200,000
	-£56,000
	-£1,376,555

	6
	£200,000
	-£56,000
	-£1,269,100

	7
	£200,000
	-£56,000
	-£1,166,762

	8
	£200,000
	-£56,000
	-£1,069,297

	9
	£200,000
	-£56,000
	-£976,474

	10
	£200,000
	-£56,000
	-£888,070

	15
	£200,000
	-£56,000
	-£505,329

	20
	£200,000
	-£56,000
	-£205,442

	25
	£200,000
	-£56,000
	£29,528

	27
	£200,000
	-£56,000
	£108,597



Using the NPV model it can be seen that this project is worth investing in on the long term.  It is worth noting that the NPV model is just one way to calculate investment risk and gain.  All calculations are also work out using a single investor.


[bookmark: _Toc120812090]Conclusion 
Using the given data, from a purely financial point of view, this project is worth the investment to go ahead with.  This is only on a 27 year basis.  When factorising in all the other major risks associated with the project, it becomes less viable.  The financial  model has not taken into account the costs that may be incurred due to the establishment of strategies to deal with the risks of the project.  The world market may make the project more profitable with the potential of raising energy costs, but this may also make service costs higher too.  The implementation of reviews and monitoring have also not been factored into the overall cost.

The advice from this report is that the site is viable to have an installation constructed for a 27 year long project.  Although it is viable it is highly suggested to find another site for the installation, a site that has less environmental importance would give the same returns with less uncontrollable variables.  The implementation of a 10 year project is strongly discouraged as there will be no financial or environmental gain to such a project.   
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RISK ASSESSOR NAME BRIEF DESCRIPTION OF ACTIVITY

Joshua Todd Construction of 2MW wind turbine on moor land 

AUTHORISING LINE MANAGER DATE(S) / LOCATION(S) OF ACTIVITY

Dr.Michel godfellow-smith Moorland on Hill 

HAZARD POTENTIAL HARM CONTROLS

Severity

Likelihood

Risk

Severity

Likelihood

Risk

Stream contamination Physical/Chemical  5 4 20

review of watershead properties, drainage network instaled, chemical control systems put in place to avoid 

leaks

5 2 10

SSSI impact  Enviromental 5 3 15 review of SSSI intrest, local studys into required areas, monitoring duties or intrest areas  4 3 12

Climiate Alterations Enviromental  5 3 15

Adaptablity and resiliance plan to be created to acount for the different weather conditions that could 

arise 

3 3 9

World Affairs 4 4 16 Create a logistics network that is close to end construction/site, be aweare of global trends 4 2 8

Site Traffic Enviromental  3 3 9 construct sutible constrained transport routes on to site, limit number of vechicls on site at one time 3 2 6

Power Trench Enviromental 2 3 6 to construct power trench acording to regulated guidelines 2 1 2

Tower pad  Enviromental  4 3 12

ensure proper drainage before costruction, area is properly contained before concreat pore, cleaning of 

concreat truck to be in controlled areas, all metal working to be done under regulation, less aggressive 

concreat to be use where posible

2 2 4

Tower construction  Physical  4 3 12

ensure proper load pads for cranes, safe and level staging areas for construction, wind monitoring 

equipment to stop work at hight in high winds, 

3 2 6

route to site Physical  3 3 9

select a sutible route up the hill side so there is a small gradient to prevent large plant from 

slipping/tipping, provide drainage to ensure access road dose not get water damaged/ water logged, 

preventing wash away causing suspended matter in stream  

3 1 3

Working Farm All 4 3 12

work around the farm duities, cordon off working area to stop farm animals/equipment from damage of 

site, construct seprate entrance to proerty where required for heavy plant 

3 1 3

REVIEW DATE

02/12/2022

See Risk Ratings Tab

2MW Wind Trubine Construction 

RISK RATING RESIDUAL RISK

DATE VALID FROM

02/12/2022

For each hazard, identify the type of 

harm that could occur eg biological, 

physical, chemical, safety, 

ergonomic or psychosocial

See Risk Ratings Tab

List what could cause harm from this 

activity.

For each hazard, list the the measures you will be taking to minimise the risk identified.

UNIVERSITY INSTITUTE / DEPARTMENT

UWTSD

PERSONS AT RISK

Construction workers. Maintnace workers, 
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