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Abstract:



This paper presents a comprehensive analysis of renewable and especially tidal energy through a political, economic, social, technology, legal and environmental (PESTLE) analysis approach and by reviewing the most up to date relevant literature. The study focuses on the United Kingdom given the favourable environmental resources for such technologies; the number of different design concepts that are currently under development as well as the research funding that has been invested over the last few years. Findings of the analysis identify the risks and multiple stakeholders involved at all stages of the tidal energy projects development from the conceptualization of the design, right through to decommissioning. Many of the stakeholders present benefits to the tidal developers through funding, incentives and knowledge sharing, but at the same time they also present potential risks to the future of projects. This is mostly down to different approaches of the most important aspect of tidal energy that needs to be considered, making it hard for technologists and developers to equally address all requirements. From this research it can be concluded that several of these risks can be mitigated early on providing that particular stakeholders are involved at the correct stage of a project.
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1. Introduction


The marine energy industry has been forecast to be worth £6.1 billion to the UK economy by 2035, creating nearly 20,000 jobs in the process [1]. The industry is made up of offshore wind, wave energy and tidal stream energy, with tidal energy having particular scope for growth within the UK having “around 50 per cent of Europe’s tidal energy resource” [2]. The UK has recently been described as “the undisputed global leader in marine energy” with it currently having more wave and tidal stream devices installed than the rest of the world combined [3].



The growth of the UK marine energy industry so far has been helped by numerous government funding support schemes such as the Renewables Obligations Order which is “the main support mechanism” for renewable electricity projects within the UK, with smaller scale generation being supported through Feed in Tariffs [4]. Along with this continuous incentive for electricity production there have also been numerous sources of funding provided by various government and private sources such as the Department of Energy & Climate Change (DECC) innovation funding for low carbon technologies [5]. The Crown Estates have also pledged their support by leasing out 37 tidal and wave sites around the UK between 2010 and 2013, believed to be more than any other country, to help “build and maintain a global lead” in wave and tidal energy [6]. There are also a number of other projects which the Crown Estates are willing to cooperate with and eventually aim grant to leases in the future.



Tidal energy power is still in relatively early stages of development in comparison to other forms of renewables such as wind power and in order for the industry to be a success, potential investors must be continually attracted in order to secure the vital funding [7]. To secure the required funding all of the potential risks faced by the industry must be identified in order to allow the optimum utilization of resources. This study employs a political, economic, social, technology, legal and environmental (PESTLE) approach to ensure that all involved disciplines are covered, as well as identifying the key stakeholders involved in marine and specifically tidal energy. For this to be achieved, the most up-to-date literature, reports and guidelines are included in the sections to follow.




2. Contribution of Tidal Technologies to Renewable Energy Targets


Renewables’ share of electricity generation in the UK was a record 11.3 per cent in 2012, increasing 2 percentage points from the previous year [8], with the trends expected to carry on increasing in order to achieve the EU directive of 20% renewable energy by 2020 [9]. The current installed capacity of tidal energy is almost 9 MW [3] with theoretical UK resources of tidal stream energy predicted to total 32 GW [10], implying that the 20% renewables obligations could be fulfilled by this form of energy alone [11]. A study by the Met Office [12] revealed the potential sites for in-stream tidal energy devices to be located with Scotland alone having 25% of Europe’s tidal energy resource around its coastline [13].



In order to achieve these targets and make use of the resources the UK has in its waters, previous scientific knowledge must be applied. As tidal energy is still a juvenile industry there are gaps in data regarding various aspects of a political, economic, social, technologic, legal and environmental (PESTLE) analysis, therefore experience of other types of similar projects must be used. For example knowledge can be transferred from the wind industry to identify economic issues and knowledge of offshore structures can be used to predict technological risks including failure rates and design requirements (i.e., fatigue life) of key components. This knowledge can only be transferred to a certain extent as new challenges arise specific to in-stream tidal devices that have not been truly uncovered yet such as the effects on the environment and navigational issues created by positioning large devices out of sight. There is also a large amount of confusion surrounding the legal framework of tidal energy, with ineffective practices regarding previous energy policy trying to be avoided in order to facilitate growth of the industry. The social effect of such devices is also not yet fully understood as it may not have the same “Not in my back yard” (NIMBY) effect as wind farms have had due to tidal devices being out of site. NIMBY is a characterisation of the local population who oppose developments due to them happening in proximity to their locations of interest.




3. PESTLE Analysis


3.1. Political


Politics has the potential to have a dramatic effect on the future of tidal energy presenting many opportunities alongside many risks to existing and future tidal developments. The UK government alone does not have complete control as its policies are dictated to an extent by World and European level politics.



The United Nations [14] have a number of advisory boards in order to provide “sustainable energy for all” with the primary focus being on providing energy for all to access, but at the same time promoting sustainable energy sources such as renewables with particular emphasis being placed on the environment impact. The United Nations Conference on Sustainable Development (Rio+20) [15] summit was a meeting of global leaders, experts, private sector participants along with many others in order to pledge $513 billion to fund future developments, whilst at the same time creating more political pressure to achieve the stability of the world’s energy. The United Nations Development Programme [16] is also in place alongside the Rio+20 project in order to support “sustainable, low carbon, climate resilient development pathways”. Other organisations providing political influence on a world level include the International Energy Association (IEA) and the International Renewable Energy Agency (IRENA) [17] which are both intergovernmental agencies focusing on “supporting countries to a sustainable energy future”.



The European Commission [18] has set a target for countries within the EU by 2020 to achieve a 20% reduction in EU greenhouse gas levels from 1990. Alongside the European Commission are the Agency for the Cooperation of Energy Regulators [19] who “work towards a single European Market”. These two political bodies are currently applying significant amounts of pressure to member states in order to secure a sustainable energy future. But perhaps the most applicable European level agency is the European Ocean Energy Association [20] which gives advice and applies pressure to the member states. The main risk associated with European level politics is that relevant stakeholders may identify already proven technology as the future, rather than focusing on new emerging technologies such as tidal energy.



All of the international agencies intend to provide stability for the future of renewable energy by providing funding, setting policy requirements and sharing knowledge whilst at the same time having the environment high on their agendas. The most significant political risks come at national level, mostly due to the fact that each party is in power for a relatively short fixed term focusing on their own separate agendas. This coupled with the fact that world economic crisis of the last 6 years has led to government cut backs in spending, may see renewables losing vital funding. DECC [21] have recently agreed with HM Treasury to cut its budget by 10% in order to reduce government spending.



The current coalition government in the UK previously stated in their agenda that they intended to support an increase in carbon reductions to 30%, exceeding renewables [22]. The plan is well documented in the Renewable Energy Roadmap [23] and in the update of this edition in December 2012 it states that “the UK is still on track to meet the first interim results” by increasing renewables contributions to 3.8% of the total energy production of the UK. Examples of other party’s policies include the Labour policy [24] wanting to make the UK the “world leader” in tidal energy, with the UK Independence party’s policies being described as “a mixture of anti-environmentalism and a disregard for scientific evidence” [25].



Internal politics within the UK is also not uniform throughout with the individual regional governments for England, Scotland, Wales and Northern Ireland developing their own policies. England follows that of the coalition government set by DECC. The Welsh Assembly Government [26] has visions of making Wales the “world-leader in the marine energy market” through Sustainable Expansion of the Coastal and Marine Sectors (SEACAMS) and Low Carbon Research Institute (LCRI). The Scottish Government [27] is committed to providing “100% of its electricity demand from renewables” with significant funding being put in place for further projects as it plans to use its 25% share of Europe’s tidal stream power. Finally Northern Irelands marine energy is currently governed by the Department of Trade, Enterprise and Investment Northern Ireland which also follows the policies provided by DECC.



The future of international marine energy from a political point of view is relatively secure in that most nations have pledged long term agreements to reduce carbon emissions and increase the contribution of renewable energy to the nation’s energy mix. However, politics do have the ability to have negative effects on the future of tidal energy with this risk coming internally within a nation due to the competing interests of governmental parties on an ever increasingly tight budget.




3.2. Economical


There are numerous economic factors that must be considered for the tidal energy industry. The most noticeable is perhaps funding as this was identified in a report of stakeholders as “the biggest hurdle” to tidal energy and that it is the key to any future developments [28]. In order to understand the true costs associated with developing tidal energy a report was published by Ernst and Young [29] which presents a breakdown in estimated cost for tidal stream projects in the UK. It was found that base costs at a medium resource were £2.7 million in capital expenditure per megawatt and £0.03 million per megawatt per year in operating expenditure over the projects expected service life. These seemingly high costs are due to the technology being in there early stages of development. Another report [30] outlined that the industry is too fragmented (too many different design configurations exist) and that the market opportunities do not match investment timescales. From carrying out stakeholder interviews they noted that in order for investment to come in from the private sector, public sector investment must be pledged first. The unwillingness to invest so eagerly may also be down to the effects of the global recession as suggested by the Low Carbon Economy [31]. The future of the World and UK economy still appears uncertain, which poses further risk to the future of tidal energy developments.



On a European level there is support through the European Commission and Community Research and Development Information Service (CORDIS) [32], with the majority of their investment being handed out through national governmental departments. Within the UK, DECC [5] provides funding for England and Wales in funding for low carbon technologies with an example being the £20 million Marine Energy Array Demonstrator scheme (MEAD) as part of DECCs £200 million budget for low carbon technologies for 2010–2015 [33]. The Carbon Trust [34] provide grants such as the Marine Renewables Proving Fund worth up to £22.5 million in total with an average grant of £3 million, as well as the Marine Renewables Commercialisation fund for Scotland [35]. The Energy Technologies Institute is a public-private organisation providing investment for marine energy projects in order to achieve the UKs renewables aims [36]. From 2008 to 2012 they invested £24 million in marine energy with future funding yet to be announced [37]. The Technology Strategy Board [38] also provides funding through competitions such as the Knowledge Transfer Partnerships in which £1.2 million was invested. Their total spending from 2007 to 2011 was £22 million for R&D on wave and tidal energy [39]. Scotland has its own exclusive funding such as the £13 million Scottish Ministers Wave and Tidal Energy Support Scheme [40] and the £10 million Saltire Prize [41]. Finally, Northern Ireland receives UK funding as well as its own specific funding from Department of Enterprise, Trade & Investment Northern Ireland [42] as part of their Renewable Energy Action Plan. With the EU and the UK government already committed to provide funding to the renewable energy sector, it is expected that their inputs will attract the crucial private sector investment to make tidal energy commercial.



In order for the technology to become part of the UK energy market the cost of production must come down. The Carbon Trust [11] put the cost of producing tidal energy at around 30 p/kWh with it expected to drop to around 16 p/kWh by 2020, with others predicting a faster increase in price reduction which is needed for the technology to become competitive. These prices do not just need to be competitive to other forms of renewables but also with conventional sources of power production. If they do not come down in price quickly enough, there is the risk that other forms of renewable energy will become accepted and further commercialised and tidal energy will be neglected.



The UK government have the Renewables Obligations Order and Feed in Tariffs (for smaller investments) in place to offset the extra costs of renewable energy in the lower scale production [43], however developers cannot rely on this completely as prices have fluctuated in the last few years. The government does however plan to fix these costs by 2027 in order to decrease risk for developers [43]. The government is also showing their intentions by increasing the level of Renewable Obligation Certificates (ROCs) from 0.158 ROCs per MWh last year, to 0.206 ROCs per MWh for all energy supplied to customers in England and Wales. ROCs are “green certificates issued by the authority to operators of accredited renewable generating stations for the eligible renewable electricity they generate” [4]. This number is expected to increase gradually each year, increasing the support of renewables at the same time as suppliers will have to either invest directly in renewables to present ROCs to Ofgem (regulators of the electricity and gas market in the UK), or by making a buyout payment to Ofgem which will then be invested back into the suppliers who meet there ROC quota.



If the conditions of the UK energy market were to stay the same, marine energy could be making a positive contribution within the next few years but there is the possibility of conditions changing. A report by Henriques and Sadorsky [44] highlights the effects of oil prices on the renewable energy market and that increasing prices of oil will lead to higher interest in renewables. The shale gas revolution has the potential to affect renewables even more, with Massachusetts Institute of Technology (MIT) [45] and National Geographic [46] both claiming that it will “stunt” the growth of the industry.



Providing the marine energy industry continues to grow it will have the potential to “generate high returns when it comes to jobs particularly when projects are located in remote areas” [47] due to its “labour intensity”, creating more jobs per pound invested than conventional electricity generation technology [48]. But as the development of tidal energy is still in such early stages it is still very high risk not only for investors, but also for insurers hence the “limited numbers” of insurers currently operating in the market [49]. Insurance is more likely to be given if insurers and certification authorities are involved early on in the design process.



Banks have the potential to provide finance for the tidal energy sector but according to a report by Vivid Economics [50] banks have been restricted on the lending they can provide due to the world economic crisis and that “lenders are becoming increasingly selective and are scrutinizing investment opportunities much more vigorously”. Banks are increasingly likely to turn down long term investment opportunities due to its high cost and instead focus on more short term lower risk projects [51]. The Green Investment Bank was set up in 2012 to accelerate the UKs transition to a more green economy by providing £3 billion to green projects.




3.3. Social


Social aspects of technology are often overlooked by developers at early stages, potentially being a costly mistake for tidal developers as this group of stakeholders have in several cases delayed and even stopped projects completely. This potential for socially inspired delay can be exemplified by groups in Powys, where Britain’s biggest ever public enquiry is taking place over the deployment of 500 MW’s worth capacity of wind turbines [52]. The enquiry began on the 4 June 2013 and is expected to conclude in the spring of 2014 with the council earmarking £3 million in funding [53]. This public enquiry was carried out after thousands of signatures were gathered opposing the developments as they would damage the natural beauty of the surrounding area. This highlights the idea that in principle the public accept renewable energy, but with opposition to individual projects on a more local level remaining frequent [54] especially with regards to “not in my back yard” syndrome” [55]. However Devine-Wright [56] argues that it isn’t just a case of NIMBY but is more that people get attached to the surroundings of where they live and that they don’t like any “change”, whilst citing that “nature is unspoilt at this place” as a lot of the best renewable resources are located in remote places.



In-stream tidal energy is significantly different to wind energy in that it is positioned below the surface of the water and it was also found that only 55% of people in the UK are actually aware of tidal power [57], with many knowing only of tidal barrages and hydro power and not in-stream devices. However, it has been a number of years since the report, with in-stream tidal energy gaining more publicity. Social acceptance of clean energy seems to be the main theme of many reports such as that by Pidgeon et al. [58] where it is argued that people should make the decision between climate change or a change in the way we live. Batel et al. [59] take it a step further and that it is not just a case of the population accepting renewables, but also that they actually must support the technologies in order for major progress to continue. Howell and Drake [60] report that if the tidal developers and the local communities work together with information being exchanged readily, the support can be far greater and that there actually forms a sense of “pride and excitement” in the local community [61]. This is provided that they first get over the concerns about negative local outcomes of the developments.



As well as giving consideration to the general public and to local communities as a whole, there are specific stakeholder groups who have an active involvement with marine energy developments. There are the local fishing communities that must be considered with Mackinson et al. [62] revealing that no concern is given to them at an early enough stage in marine energy development and that if they were informed early enough, they would be able to plan future fishing better. Again this highlights the communication issues within the industry and its external stakeholders. It was also noted that there must be mitigation options in place to fleets that may be disadvantaged such as incentive schemes and causing minimal environmental impacts that could affect fish levels. Dredging must also be considered in the same way that fishing is.



Marine energy developers, and in particular tidal energy developers, must work closely with commercial shipping and recreational boating [63] to primarily avoid accidents through collision if placed too near shipping lanes or in busy sailing areas. The Royal Yacht Association [64] outlined a number of key points that developers must follow in order to mitigate the risk of recreational boating disrupting tidal projects (with the same rules being applicable to commercial shipping). These include; creating a minimum underwater clearance of 8 m below chart datum, correct marking and lighting, minimising effects on navigation and communication equipment and avoiding busy and popular routes. The Maritime and Coastguard Agency [65] offers guidance to mariners operating nearby to offshore energy installations with focus also given to the emergency services.



One final social group of stakeholders that must be considered are tourists. Reports so far suggest that offshore installations have attracted tourists especially when nearby information centres are developed [66]. However this increase in tourism may not be sustained in the future, as people may start to resent the technology as it becomes more common which may impact local communities so impact to tourism should be concluded neutral.




3.4. Technological


The ability to harness some of the world’s most abundant tidal energy presents the UK with a piece of technology that could have a significant impact on the country’s overall energy generation [67]. The developer with the highest output power and efficiency rating may be seen as the most attractive to potential investors, but with the technology behind tidal energy still in its early stages there is still great risk in the development stage, with this being one of the main reasons why banks have not yet invested in the technology [1].



In order to produce ground breaking new technology it is essential to distinguish and develop required expertise, as well as identify a supply chain that is capable of producing components and systems. Scottish Enterprise [68] has created an online portal so that developers can easily identify their supply chain. It is common practice to over engineer the designs which may in turn make them less cost effective to commercialise, therefore thorough techno-economic analysis must also be carried out in order to reduce this risk [69]. A way of conducting this analysis could be through learning from outcomes of other industries such as onshore and offshore wind. It is also important that developers put significant effort into achieving reliability and availability thresholds considering the harshness of the environment and the restrictions in interventions [70].



Despite some of the oldest ocean energy technologies having used tidal power in the past in the form of barrages or dams [71], no one design has yet been accepted as the norm as yet for in stream-tidal turbines, unlike in wind energy where turbines are mostly two or three bladed on a steel or concrete tower. The European Marine Energy Centre (EMEC) [72] identifies six main types on in stream tidal devices; horizontal axis, vertical axis, oscillating hydrofoil, enclosed tips, Archimedes screw and tidal kites. They also claim there are still a number of devices being worked on that cannot be grouped into one of the six sections due to their “unique” design. There are also a number of different fixing methods including; gravity base, flexible mooring, rigid mooring, pile mounted, hydrofoil inducing down-force, attached to floating structure and fixed [73]. A thesis by Seibert [74] and a report by BMT Cordah [75] explore the different anchoring and mooring systems available in a cost effective way. These studies were carried out as there are high costs associated with mooring whilst at the same time the footprint needs to be kept as small as possible The plethora of designs under development (in different stages of maturity) means that it is very competitive in terms of producing the best design in order to win over investors, therefore it is important that developers produce a truly world class design and are committed throughout the project.



Lessons from wind turbines in terms of reliability should be taken into account when assessing tidal turbines and as tidal energy has a much higher power density than wind [76]. This higher power density means that higher amounts of energy can be produced for the same swept area, but that will also lead to a dramatic increase in loading along with the cyclic loading caused by waves. A report by Department of Trade and Industry (DTI) [77] highlighted that there was scope for error in the following areas of an in-stream tidal device; rotor, power train, electronics, control systems, communications, structure, cabling, foundations, anchoring, mooring, access and servicing. The likelihood of failure increases as the depth of the sea increases and with 90% of the extractable energy in the top 10 UK mainland sites lying in waters 40 m or more in depth, the design process must be even more vigorous [78]. A key challenge here is the different behaviour of components that have not been designed for subsea application.



Industry standards recommend using failure mode and identification planning in order to mitigate the risks of failure such as the Structured What-if-Technique (SWIFT), Hazard and Operability Study (HAZOP), Fault Tree Analysis (FTA) and Failure Mode and Effect Analysis (FMECA) [79]. As well as using theoretical modelling, computer aided engineering has become a vital part of testing devices. Research organisations such as the National Renewable Energy Laboratory (NREL) [80] are currently collaborating with national laboratories, agencies, universities and industry to develop validated computer simulations which can be used to improve the performance of hydrokinetic energy converters. This technology is not just being used for single units, but for array scale farms as this is seen as the biggest area of technological uncertainty [81]. After theoretical and computer modelling is carried out the correct sequence of prototyping and scaling up. These stages are concept/tank testing, part scale demo, full scale at sea demo, first farm deployment and finally full commercial [82]. EMEC [83] offer draft standard for marine energy devices which help in all aspects of building an effective and reliable structure. These prototyping stages are vital in producing a reliable device and work should be done primarily at small scale before scaling up, as the financial risks are much lower at this point. Selecting the appropriate scale ratio for each stage is also vital, as the scaling effect applies between the tank test and real scale performance.



There are a number of key processes which present multiple risks once the design has been finalised including; installation, commissioning, grid connection, maintenance, removal and decommissioning. The Crown Estates [84] have issued guidelines for installation and maintenance procedures with relevant risk assessments for all stages along the way, with grid connection issues highlighted in a report by OffshoreGrid [85]. Both reports highlight the significant costs off installation. As decommissioning must be carried as a legal requirement it is just as important to be carried out safely and cost effectively. A report was written by Climate Change Capital [86] highlighting all issues associated with it being noted that the main risk associated with decommissioning is the lack of experience and knowledge to be able to predict the true costs associated with this stage of development. As costs associated with deploying a tidal energy device are so high, their lifecycles must be closely looked at in terms of payback period and carbon footprint [87].




3.5. Legal


Currently legislation and regulations governing marine and tidal energy devices are very complicated, with the Department of Environment, Food and Rural Affairs (DEFRA) [88] identifying the need to simplify them in order to reduce legislative risk for developers. Even if this simplification goes through there are still a number of legislative policies which apply to tidal energy devices within the UK and this section will look at these in more detail.



At world level there is the United Nations Convention on Law of the Sea which “lays down a comprehensive regime of law and order” which are applicable to all oceans and seas to establish rules to govern their uses [89]. This gives the sovereign state the control over water within 200 nautical miles of its coast amongst other rights. At a European level there are a number of directives which may be applicable to tidal energy including the Renewable Energy Directives in 2001 and the update in 2009 which make renewable targets legally binding for the countries who agree to participate [90]. If a participating country does not meet the targets they are liable to monetary penalties by the European Union such as those imposed on Poland and Cyprus in 2011 for not transposing the Renewable Energy Directive targets to their own nation. For Poland the Commission proposed a daily penalty of €133,228 and for Cyprus a daily penalty of €11,404 [91]. Strategic Environmental Assessments and Environmental Impact Assessments have become mandatory for tidal energy [92], these assessments look at both the positive and negative impacts a project may have on the environment and the measures taken to mitigate the impact. There are also the Habitats Directive [93] and the Wild Birds Directive [94] which both come under the Environmental Investigation Agency (EIA) directive and deal with the protection of species and their habitats. As well as these four main directives there is also legislation specific to the use of the marine environment in the form of The Water Framework Directive for improving the quality of water focusing on ecology [95] and the Marine Strategy Framework Directive to help protect the marine environment [96]. Finally in March 2013 the Marine Spatial Planning Directive was commissioned due to the high competition for maritime space [97].



Each member state is responsible for transposing the EU level legislation to their own legal system, giving great variance despite directive being in place [98]. This creates risk within the industry especially if developers are thinking of investing abroad.



From the guidelines provided in the EU directives the UK has moulded its energy policy and it is at this point where it becomes a risk for developers if they choose not to look into the legal framework in great detail. There is the Overarching National Policy Statement for Energy (EN-1) which outlines the planning procedures and consents for any energy development covering; the Planning Act 2008 and the Electricity Act 1989 [99]. There is also the National Policy Statement for Renewable Energy Infrastructure (EN-3) which covers planning processes for any renewable energy within England and Wales [100]. The planning process for England, Northern Ireland and Wales is carried out on behalf of DECC by the Marine Management Organisation which control licensing applications under the Marine and Coastal Access Act 2009 [101]. Even though Wales and N. Ireland work under the same act as in England, they have their own separate licensing teams in the form of the Marine Licensing Team for Wales [102] and the Marine Licensing team of the Department of the Environment Northern Ireland (DOENI) [103]. Scotland has its own licensing body in the form of Marine Licensing Scotland which acts under the Marine (Scotland) Act 2010 [104]. These policies create a framework in which planning must be consented before any development can get underway. Energy Infrastructure [105] has compiled a comprehensive list of recent decisions on applications within the UK. There are also strict laws regarding the decommissioning of structures also under the Energy Act 2004 [106].



Apart from just obtaining a license for placing a tidal energy device in the sea or ocean, access must be given by the Crown Estates in the form of a lease. In 2012 it was announced that the Crown Estates [107] had given leases to 36 wave and tidal developers. However these leases are not always granted and can therefore hinder the progress of a project. Along with this the correct health and safety procedures must be followed, with BWEA [108] and RenewableUK [109] providing guidelines in order to cover as many associated risks so that developers are not liable for any accidents at any stage of the project.



Finally with any new project and development there is always a risk that information may be disclosed to a competitor or that a patent may not be granted for a device. In order for information to stay safe, the correct procedures for any project with sensitive material should be followed [110].




3.6. Environmental


The UK government has committed itself to reaching EU targets on climate change and marine energy devices can contribute by producing energy with decreased greenhouse gas emissions, air pollution and damage from acid rain but only if managed correctly [111]. There is the possibility that developers may overlook other environmental impacts as they falsely assume that they are already contribute positively by saving on the use of fossil fuels. However, developers must consider the bigger picture and how their actions may have detrimental effects to the environment at any stage of the project. The environment in this context refers to the area surrounding the device and all that is contained within it.



In order to help monitor the environmental uncertainty of marine energy devices two main directives were put in place by the European Commission; the Environmental Impact Assessment Directive and the Strategic Environmental Assessment Directive [92]. These were both put in place so that the environmental implications are considered before any decisions are made and they should be carried out for each individual project and device due to the “unique complex” of potential effects [112]. Public participation is a big part of these studies. There are a number of Environmental Impact Assessments (EIAs) and Strategic Environmental Assessments (SEAs) available in literature including the Sea Generation Environmental Monitoring Programme Report [113], Fundy Tidal Energy SEA [114] and a Study of the Strait of Messina [115].



Within the UK, DEFRA is the government department responsible for the policy and regulations on environmental issues, including those encountered by marine energy devices whilst helping to improve the economy [116]. In order to utilise a wider range of expertise DEFRA are supported by many public agencies to aid their work, with a number of them being heavily involved in marine renewables. The Joint Nature Conservation Committee (JNCC) provides advice to DEFRA and developers in the industry about nature conservation with regards to offshore renewable energy [117]. The Centre for Environment, Fisheries and Aquaculture Science (CEFAS) specialise in the management of the seas and oceans and pay particular attention to fish (farmed or wild). They help with policy and licensing and have published a number of reports including one on data acquisition to support marine renewable EIAs [118]. The Marine Management Organisation helps by providing licenses as part of the planning process for anyone wishing to “carry out an activity in the English or Welsh marine environment” whilst helping govern fisheries and marine planning [119]. There are also other specific groups to the countries within the UK that with marine energy developments whilst helping in the conservation of the environment; Natural England, Scottish Natural Heritage, Environments and Countryside Department (Welsh Assembly Government) and the Northern Ireland Environmental Agency.



Along with advisory agencies for the government, there are a number of charities aiming to protect the environment which could potentially form a barrier to the progress of tidal energy unless they are cooperated with. The World Wildlife Foundation [120] issued a report in which it declares that it will fully support marine renewables providing consideration was given to all mammals that could be affected. The Royal Society for the Protection of Birds (RSPB) fully support tidal energy devices as well, with it seen as an important contributor to carbon-free energy providing correct IEAs are carried out [121].



Despite there being numerous agencies working with tidal energy, there is a limited amount of data and information on the medium and long term effects of marine renewable energy devices [122]. Studies have been carried out in order to identify impacts which need to be investigated. These include; water circulation patterns, benthic habitats, artificial reef effect, water quality, sound disturbance, electromagnetic fields, avoidance behaviour, light disturbance and collision risk [123]. The UK also has important species of mammals and fish which have been specifically looked at such as; a report looking at effects on salmon [124], tidal energy effects on birds [121] and fish collision risk off the coast of Wales [125]. There is also the risk of damaging the man-made environment such as ship wrecks which are popular dive sites.



Many impacts have the potential to be high risk in terms of damage to the environment but with sufficient knowledge and the correct mitigation procedures, it is expected that all of the implications could have a low impact potential [126]. There have been numerous reports speculating what these implications could be, but until these devices have been deployed for a number of years it will be difficult to determine exactly the effects [127]. Linley et al. [128] also highlight the need for research in terms of scaling up a single device into a farm and the differences in environmental effects it will have then. There is also the uncertainty surrounding the decommissioning of devices and the environmental impact caused during this process. Finally the potential benefits must also be considered [129] such as the creation of safe zones out of the reach of fisherman.





4. Discussion


There are many risks and benefits associated with tidal energy, all of which may be considered most crucial to different stakeholders due to difference in focus, therefore making it difficult to pinpoint the overall most important factor which must be considered. Investors for example would see financing as the most critical risk in tidal energy development as they will want a return on their investment and will only invest if public money is committed at the same time. Whereas developers will primarily want their technology to be successful, but will always have techno-economic performance on their mind as the project will fall through without it. But then the general public may want social and environmental considerations as top priority due to the impacts it may cause on their everyday lives. The technological risks associated with tidal energy can be mitigated by following set design steps, using knowledge learnt from other industries and from extensive testing, deployment and monitoring.



There is a great number of stakeholders involved throughout a tidal energy project that makes it difficult to identify the requirements of them all hence the need for a framework in order to ultimately guide developers through the process of getting a tidal energy device to market. Each one of these stakeholders has the potential to delay or even stop a tidal development project if their requirements are not catered for which presents a major risk to technologists and developers. The legal framework regarding marine renewables is extensive in order to cater for the needs of all these stakeholders, highlighting the need for more simple legislation to be implemented towards a wider expansion of the industry.



It can also be noted from the findings of this analysis that there are several stakeholders having involvement in multiple areas of the PESTLE analysis which could dictate the future of the market on their own. The UK government is perhaps the biggest of these stakeholders with involvement in providing funding, licensing, the environment, policies and a social obligation to the general public. As long as they continue to commit to the marine energy sector, the short term future at least will have a positive outlook.



From this literature research it can be seen that the best way for developers to mitigate risk is by considering each development stage separately and considering all risks and stakeholders present at that stage. Once all risks at that particular stage have been mitigated to enough of an extent at that point, then the developers should move onto the next stage.




5. Conclusions


The UK has an abundance of marine energy sources in its coastal waters, which have the potential to play a major role in the future of the UKs energy mix. However with the industry still being in its early stages of development there are numerous areas of uncertainty which need to be explored to secure the future of the industry. To bridge these gaps in data this paper looks at the marine energy industry as a whole, and with a focus on tidal energy, identification of stakeholders was firstly carried out along with their associated benefits and risks which they may present to developers. This was done by carrying out a comprehensive PESTLE analysis, which is already accepted by industry as a comprehensive method of assessing the state of a particular industry or market.



The main focus of research in tidal energy so far has been predominantly based on engineering the technology. But for the technology to become viable on the market all other aspects of the PESTLE disciplines must be considered, as other factors have the ability to stop any developments before they can be deployed. So far many stakeholders were found to be supportive of tidal energy, but that they are weary of the technology as a whole due to it being relatively undeveloped. Research has also suggested that in order to mitigate many of the identified risks, stakeholders should be involved to share not just knowledge, but also differences in opinion. Working in this way could even turn risks into benefits, especially in regard to social and environmental factors. In identifying all stakeholders along with potential risks it is hoped that in turn a risk framework can be produced for tidal developers to follow to increase their likelihood of succeeding and making a positive impact on the future of low carbon energy.
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