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Abstract—  
This paper offers a holistic approach to the evaluation of 

an ocean renewable energy (ORE) technology type or 

specific project in order to provide a comprehensive 

assessment of both narrow economic and broader socio-

economic performance.. This assessment incorporates 

methods from three pillars areas: Economic - financial 

returns and efficient use of resources, Social - employment, 

social and community cohesion and identity, and 

Environmental - including the physical environment and 

pollution. These three pillars are then considered in the 

broader context of governance. In order to structure this 

evaluation, a novel parameter space model was created, 

defined by the three pillars and by the scale of the system 

under assessment. The scale of the system  ranged from 

individual  components of an ORE project; to projects 

comprising of a number of devices; through to a geographic  

regions in which multiple farms may be deployed. The 

parameter space consists of an inner circle representing the 

boundary of interest for a private investor, or a firm, 

developing an ORE project. The outer circle is 

charactersised by assessment tools typically employed at 

the broader stakeholder level including economic, social, 

and environmental methods that can be employed at local, 

regional or national scale and which are typically employed 

to inform policy and decision making regarding ORE. 

Governance sets the stage within which management 

occurs. Wider impacts to the firm undertaking the project 

will take into account “externalities” of the project across 

the three fields. In this model, key methods identified are 

mapped onto this parameter space and the connectivity 

explored. The paper demonstrates that the three pillars are 

inter-connected and each must be considered in any 

meaningful assessment of ORE sustainability. An 

integrated assessment approach has the ability to address 

both the private and the public aspects of an ORE 

development,. This analysis provides insights on existing 

best practice, but also reveales the potential for disconnect 

between an ORE project’s commercial viability and its 

contribution to environmental and social goals.. 
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I. INTRODUCTION 

This paper provides a holistic approach to the evaluation of 

an ocean renewable energy (ORE) (defined in this paper as 

wave and tidal energy) technology type or specific project. This 

analysis takes the novel approach of considering economic and 

socio-economic (E&SE) analysis from the perspective of the 

project funder or private investor or a firm (called Private) and 

of a wider societal stakeholders (called Public). Private 

systems (considerations and aspects) can vary from the 

components of an ORE project, including a project comprising 

a number of devices installed at a particular location, through 

to a geographic or economic region in which multiple farms 

may be deployed on a national scale with clear associations to 

Public considerations. Such an assessment incorporates 

methods relevant to three pillar areas: Economic - financial 

returns and efficient use of resources, Social - variables such as 

employment, social and community cohesion and identity, and 

Environmental - including the physical environment and 

pollution. In addition the overarching governance system will 

also be discussed, to complete the assessment. 

The methods and metrics used in Public and Private spheres, 

and by different pillars, to assess the performance of ORE 

projects are reviewed. The objective of this review is to 

catalogue the principal methods used and to identify any gaps 

and weaknesses in these.  

The paper then progresses to integrate the assessment 

methodologies between the Private and Public by creating a 

novel parameter space model, defined by the three pillars and 

by the scale of the system under evaluation. The 

interconnectivity between pillars as well as the relationship 

between the broader macro-economic, social and 

environmental issues and those directly considered by private 

investors are assessed.  

In context of this work 'economic assessment' refers to the 

appraisal of financial and economic performance of a project or 

technology.  Such assessments are typically undertaken to 

inform developers, sponsors or policy makers about the 

financial viability of specific projects or technologies. In 

contrast the macro-economic, social and environmental 

assessment generally refers to the wider external impacts of 

development; for example, employment multipliers, 

environmental impacts, ecosystem services, community 

benefits, and lifecycle analysis. These issues are still economic 

in consequence, but they are experienced by wider society 

beyond the confines of the project. 

Many thousands of offshore wind turbines have now been 

constructed and several tens of GWs of offshore wind turbines 

are currently at the planning stage in European waters alone [1]. 

Tidal stream and wave energy systems are at a much earlier 

stage of development but both could provide a significant 

contribution to European and global electricity supply [2]. 

Europe faces a renewable energy target of 20% [3] of electricity 

production from renewables by 2020 [4], with some countries, 

such as Ireland, setting even higher targets of 40% for 2040 [5]. 

A portfolio of electricity generating technologies with low 

carbon emissions that include nuclear, offshore wind, wave, 

tidal range and tidal stream are expected to be required to meet 

these targets. At present tidal stream systems are generally 

considered to be closer to technical viability, and a handful of 

prototype technologies are undergoing offshore testing. To-

date no large-scale OE farms have been constructed [6]. Prior 

to the construction of any large farms, alternative designs must 

be compared and preferred design solutions identified.  

Reviews of offshore wind economic and socio-economic 

analysis have already been conducted and published [7, 8].  To 

assess the viability of any infrastructure project, a variety of 

assessment criteria or techniques may be employed. Seen 

through the lens of sustainable development these methods can 

be considered in three broad categories – economic, 

environmental and social. Sustainable development, as 

conceptualised in ‘Our Common Future’ [9], requires a 

convergence between the three pillars of economic 

development, social equity, and environmental protection, as 

defined by the UN [10]. There have been many studies of the 

cost of energy, and potential future cost of energy, from ocean 

energy systems [11, 12]. Such values are a key input to 

corporate decision making and strategic energy system 

planning. Similarly there have been many studies of social 

acceptance, siting, environmental impact incorporating coastal 

processes, flora and fauna, and ecosystem services [13-16]. 

Environmental assessment is a legal requirement which seeks 

to ensure that the environmental implications of decisions on 

development planning are taken into account by decision-

makers before they make their final decision. In the EU, the 

environmental assessment process is governed primarily by the 

Environmental Impact Assessment Directive (85/337/EC as 

amended). The Directive identifies the projects subject to 

mandatory EIA (Annex I) which list projects for which EIA is 

mandatory (Annex I) , and those for which EIA can be 

requested at the discretion of the Member States (Annex II), 

whereby the national authorities have to decide whether an EIA 

is needed. Whilst ocean energy (wave and tidal) developments 

are not explicitly listed in Annex I, where an EIA is mandatory, 

they have nonetheless been subject to EIA arising from Annex 

II which lists “industrial installations for the production of 

electricity” as potentially requiring an EIA. Existing wave and 

tidal projects have often been subject to EIA because of the 

uncertainty surrounding their environmental impact on the 

receiving environment (for an analysis of EIA experience from 

wave energy see Conley et al. [17].  

The intention of this analysis is to inform the development 

of approaches that will support the sustainable development of 

ocean energy projects, relating to economics, social science and 

environmental factors, along with their inherent synergies. 

Transferable lessons for other renewable energy sectors can 

also be taken from this analysis, as well as it assisting in the 

sustainable development and successful growth of this 

emerging sector. 

 

 

 

 

 



II. ANALYSIS OF PRIVATE AND PUBLIC                         

ASSESSMENT METHODS IN                                                     

ECONOMIC AND SOCIO-ECONOMIC OF ORE  

A. Private assessment methods in ORE 

E&SE assessment is never an exact science.. In the context 

of ORE uncertainties concerning physical parameters such as 

resource assessment; reliability and device efficiency 

compound the difficulties. This is particularly so for wave 

energy. Unlike wind and tidal, which is defined by one 

dimensional parameter, wave energy’s two dimensional 

parameters present significant problems to resource engineers 

attempting to quantify the resource. Problems occur both in the 

physical measurement techniques as well as in the 

mathematical interpretation used to produce the hourly average 

data. Like wind, the annual resource varies from year to year, 

with current studies indicating that at least 15 years of data is 

required to provide reliable statistics for that location. Wave 

energy power is represented in a two dimensional matrix 

format, to correspond with the two dimensionality of the 

resource. The history of its development has unfortunately led 

to the creation and use of multiple parameter techniques 

particularly in representing wave period measurements; either 

using Tz, Tp or Te. There are many other inconsistencies 

occurring with the use of scatter diagrams, such as the 

dependency of the matrix on location and wave directionality. 

The IEC standards committee is a very important initiative that 

endeavours to standardise the parameters used for wave energy 

calculation [18-22]. 

Capex analysis for ORE is similarly not an exact science, 

especially considering that the technologies have not reached 

commercialisation phase yet. Quotes on Capex made in reports 

and studies, still suffer the same lack of clarity in definition that 

their counterpart studies on offshore wind and other 

renewables; namely lack of clarity in quantification, and 

qualification of Capex pertaining to the item discussed [23]. A 

major common error is lack definition of whether costs are for 

a device only, device plus installation costs, or whether it infers 

all installation and balance of plant i.e. total Capex. This 

ambiguity is particularly relevant in quotations of Capex/ MW, 

where the exact content of the Capex is extremely important. 

Comparison analysis of costs to other technologies both wave, 

and other RE as well as fossil energies is meaningless unless 

confident direct comparisons can be made [24-26]. 

Capex dependencies on volume and time are similar to other 

renewables, and yet are parameters rarely discussed at levels 

appropriate to their importance [27, 28]. The drive to larger size 

devices to achieve what is considered a more economic product 

is as popular in wave energy as any other technology. However, 

this has not been proven yet in ocean energy sphere. Certainly, 

larger volume of product should provide a cheaper bulk 

purchasing cost, and this will be purely market driven. 
However there is still uncertainty whether balance of plant 

costs will reduce inline with other costs. Reduction in Capex 

due to progress rations due to learning is another contentious 

area still under research. Experience could be similar to that of 

offshore wind where costs reductions from innovation and 

skills learnt in manufacturing were offset by excessive demand 

and peaks in commodity prices. Ambitious targets for ocean as 

well as renewables will certainly provide a ready market for the 

product if it ever gets to commercial stage. However, ancillary 

supporting mechanisms will be required for some time to 

sustain the path to commercialisation.  

Similar to offshore wind, wave energy operations and 

maintenance will be an unknown quantity and risk for the 

industry [29]. Many research projects are being financed by the 

EU to try and quantify and mitigate this risk. The technology 

poses unique challenges when compared  to offshore wind and 

these  are likely to increase the annual costs over and above that 

of offshore wind [23]. Indeed, OSW demand may make access 

to competing vessel seven more expensive, jeopardising the 

already tenuous weather window volatility that wave energy 

faces. This combined with the requirement of far offshore farms 

located in the worlds most inclement environments will make 

for challenging technical and financial operations and 

maintenance (O/M) logistics [26, 30]. 

 

B. Public assessment methods in ORE 

The public attributes of ORE are divided in three separate 

study categories: macro-economic and social and environment 

impact studies. Hacking and Guthrie [31] are of the opinion that 

sustainability assessment can most usefully be considered an 

umbrella term incorporating a range of impact assessment 

practices. 

Macro-economic studies are essential for all technologies in 

order to provide justification for state and federal support for 

the promotion of the sector, as well as provide guidance for 

future planning and road-maps. There have been numerous 

comprehensive studies conducted for offshore wind. However, 

there are many short-comings in these studies due to a lack of 

clarity in the definition of variables and benchmarks which has 

led to confusing results being reported; e.g. the use of 

jobs/MW. Recent papers are now promoting the use of the more 

robust metrics such as jobs/€M invested, job years, and 

cumulative jobs metrics, which will hopefully clarify and 

standardise future statistics [32, 33]. Studies investigating 

Gross value added (GVA) and employment are becoming 

increasingly complex. Input/Output (I/O) studies are now 

progressing to computer general equilibrium (CGE) studies, 

often requiring large datasets and equally large project teams to 

complete the task. As yet few European countries have 

completed CGE studies for ORE and this endeavour could be 

the source for future cross national collaborative projects, 

perhaps via EU Horizon 2020 [34, 35].  

Social impact studies are now broadening to incorporate 

socio-technical, indirect socio-economic and innovation 

studies.  

As ORE comprises of emerging technologies, early public 

opinion will be significantly influenced by the performance of 

demonstration projects and the first commercial projects. 

Attitudes are predominantly positive but there is also concern 

from a number of directly affected stakeholder groups. It also 

emerges that place attachment could be a greater factor in 

public acceptance and support of a project than other socio-



demographic variables. It follows that transferring results and 

practices between different communities and geographical 

areas of deployment may not prove successful. Early local 

involvement and consultation with communities and 

stakeholders affected is increasingly seen as the norm.  

Consequently, the amount and quality of information 

volunteered, in terms of the performance and impacts of any 

project, seems to be a significant factor in securing support. To 

that extent, it is critical that information contained in EIAs, and 

any other information introduced into the public domain is 

trustworthy, understandable, credible and independent [36, 37]. 

Linked to the issue of  stakeholder acceptability is an 

increasingly common assumption that communities need to see 

benefits from the introduction of renewable energy into their 

environment [38]. Acceptance by the community should be 

voluntary, transforming the community’s perception of ORE on 

the overall benefit of the technology to the entire community. 

Promoting job creation on its own is unlikely to be sufficient   

justification for a project and will be insufficient to gain the 

community acceptance based solely on that premise. Indeed, it 

has been demonstrated that the larger the project, the greater the 

difficulty in obtaining local support of the community. This will 

be a significant problem for ocean energy which will require 

development of very large scale projects to be profitable. 

Compensation is one method that some developers have used 

to gain support or access to space. This concept is gaining 

popularity in North America for other forms of RE, but is not 

gaining much consideration in Europe. Estimation of 

compensation required is extremely complex and in Europe is 

made more difficult by state ownership of the seabed.  

ORE developments will be subject to some form of 

environmental assessment depending on the nature, size and 

location of the development. This is a legal requirement 

deriving from a number of EU legal instruments including the 

Environmental Impact Assessment (EIA) Directive 

(2011/92/EU), the Strategic Environmental Assessment (SEA) 

Directive (2001/42/EC) and the Habitats Directive 

(92/43/EEC). The non-mandatory nature of application of the 

EIA process to ORE projects, coupled with the absence of 

socio-economics in the text of the Directive, means that there 

is no formal requirement to assess the socio-economic impacts 

of a proposed ORE development. Both the EIA and SEA 

Directives require formal public consultation. Unfortunately 

under both processes, consultation is top-down whereby 

information is disseminated but there is little opportunity for 

true participation and limited ability to influence the decision 

to be made. Participation in the SEA process can inform 

stakeholders of the environmental impacts of strategic 

decisions thereby contributing to communication and helping 

to reduce the risk of litigation by affected stakeholder groups, 

which in turn can help to avoid implementation delays [39].  

An ecosystem service approach [38] can be used to ensure 

the assessment of the socio-economic impacts is holistic and all 

encompassing. This approach documents all the benefits which 

we receive from the marine environment and investigates how 

these benefits are likely to change following the 

implementation of a given technology, in this case ORE. This 

wider assessment is critical if all the costs and benefits of ORE 

are to be considered not solely its financial aspects. This 

approach is particularly useful in translating the outputs from 

standard EIA into terms which are societally relevant. 

Life Cycle Assessment (LCA) is a methodology used to 

evaluate the environmental aspects and impacts of a product, 

process or service. LCA takes into account upstream and 

downstream activities relevant to all the stages of a product’s 

life cycle. The methodology is a tool aimed to inform and guide 

decision making and is regulated by the ISO 14000 

environmental management standards [40, 41]. Legal 

requirements arising from the EU EIA Directive (85/337/EEC, 

as amended) requires not only consideration of the direct 

impacts of a project, but also any indirect, secondary and 

cumulative effects of a project. Cumulative effects are also 

included in the EU Strategic Environmental Assessment 

Directive (2001/42/EC) and Habitats Directive (92/43/EEC, as 

amended). In practice cumulative impacts are often not 

addressed or are handled inadequately in both EIA and SEA 

processes [42, 43] further limiting a holistic assessment of a 

project’s impacts. 

 

 

III. INTEGRATED ASSESSMENT METHODOLOGIES BETWEEN 

PRIVATE AND PUBLIC INVESTMENT IN ORE 

 

A holistic approach to the evaluation of an ORE technology 

type or specific project is very important in order to provide a 

comprehensive assessment. Such an assessment should 

incorporate methods relevant to the three pillars of 

sustainability: 

 Economic - financial returns and efficient use of 

resources 

 Social - variables such as employment, social and 

community cohesion and identity, 

 Environmental - including the physical environment 

and pollution. 

This section attempts to identify connections between the 

assessment methods applying a parameter space characterised 

by the three pillars and by the scale of the system under 

evaluation. The scale of the system considered varies from the 

components of a ORE project, to a project comprising a number 

of devices installed at a particular location, to a geographic or 

economic region in which multiple farms may be deployed by 

a state. 

This parameter space is illustrated in following four figures, 

on which:  

 the inner solid circle at the centre of the axis are placed 

methods which are within the boundary of interest for 

a private investor, or a firm, developing a marine 

energy project. This includes the “private” 

consequences of a project.  

 the outer circle denotes the methods typically 

employed at the broader stakeholder level including 

economic, social and environmental issues that can be 

employed at local, regional or national scale sand  



 

Fig 1: Economic axis considerations 

. 

 
Fig 2: Environmental axis considerations. 

 

 

 

 

 

  



 which are typically employed to inform policy. These 

are, of course, therefore much wider than the impacts 

to the firm undertaking the project but will take into 

account “externalities” of the project across the three 

fields.  

In the following sections, key methods identified in the 

preceding sections are mapped onto this parameter space and 

the connectivity explored. Methods may identify impacts 

within a specific pillar only – and so would be placed on an axis 

– or identify impacts at the interface between pillars – and so 

are placed between axes. Within the solid circle at the centre of 

the axis are methods which are within the boundary of interest 

for the ‘firm‘ developing the project, and so relate to the 

“private” consequences of the project. At the end of each axis 

are the impacts at the aggregate level, which might be the 

region or nation, and which is within the interest of the policy 

maker. These are, of course, therefore much wider than the 

impacts to the firm undertaking the project but will take into 

account “externalities” of the project across the three fields.  

Connectivity between all methods is then considered via this 

methodology. For example, the assessments employed by some 

stakeholders are of direct relevance to the private investor; 

stakeholder ownership of a firm or project will influence the 

acceptable level of project risk and the process and outcomes 

of the Environmental Impact Assessment are clearly defined 

stages of project development. Similarly, private companies 

have interests at the policy level, for example, innovation 

systems. This framework is presented to facilitate the 

discussion rather than to provide a definitive location for each 

of the methods considered. Therefore, only a small number of 

the methods mentioned earlier in the paper have been displayed 

and located in Figure 1. 

 

A. Economic Axis 

Within the ‘firm’ or agents interest, the simple question to be 

address is: does the project make financial sense? The methods 

here will be the Net Present Value and Internal Rate of Return 

(NPV/IRR). These will require firms to estimate costs and 

revenues across the project’s lifetime, which will include 

OPEX, CAPEX on the cost side, and any financial support 

mechanism, such as tariffs or certificates, on the revenue side. 

The electricity sales will also be considered on the revenue side. 

IO and CGE models can capture the economic, social (e.g. 

employment) and environmental (including pollution) 

consequences of specific projects. Such measured effects 

though will be external to the firm seeking to undertake the 

project. Additionally, there may be other external benefits 

which are not included in the firms decision, e.g. its 

contribution to the energy mix, energy security, innovation, 

green jobs in the supply chain, etc. Excluding such externalities 

are likely to result in firms concluding that certain project are 

not financially viable. Renewable energy subsidies and grants 

may, for example, be ways through which policy currently acts 

to compensate firms for these resultant positive externalities. 

On Figure 1, for example, there are no feedbacks from GDP 

impacts or national job creation from a project to a firm’s 

financial evaluation metric, i.e. NPV or IRR. However, 

appropriately designed industrial/sectoral policy – tax breaks, 

etc. - could take such external impacts into account, and could 

act as compensation and/or stimulus for companies and firms 

to develop renewable energy portfolios.  

 

B. Environmental Axis  

Figure 2 shows how the environmental impacts of an ORE 

project (represented on the environmental axis) may be linked 

to factors on the economics and social axes. The concept of 

Ecosystem Services has been developed to determine how 

changes at the ecosystem level can affect the health and well-

being of humans.  At an environmental management level, it 

can be used to ensure that environmental, economic and social 

issues are regarded equally when decisions on developments 

are made. As such ecosystem services are placed on the 

policy/planning level (outer ring) and links the environmental 

axis across to factors on the economic and social axes.  

The impacts on ecosystem services that are considered at a 

firm level (inner ring) are those that are covered in an 

Environmental Impact Assessment (EIA). An EIA usually 

requires information to be gathered on fish resources, fisheries 

(provisioning services), benthic environment (supporting 

services) and recreational uses (cultural services) among others. 

This is represented in the diagram by the arrow linking 

Ecosystem Services at the policy/planning level and EIA at the 

firm level.  The ability of the public to participate in the 

consenting process is also legally prescribed through EIA 

legislation which is why EIA is positioned between the 

environmental and social axes. 

Ecosystem Services economic valuation provides a link 

between the environmental and economic axes, linking the 

largely qualitative aspects of Ecosystem Services into 

quantitative measures. ES valuation involves assigning 

monetary values to non-market goods and services. Ecosystem 

benefits are identified in this valuation so that these values are 

not ignored or overlooked when it comes to resource 

management decision made on a policy level. ES monetary 

valuations can be used as a basis for understanding and 

developing appropriate economic instruments for sustainable 

use of resources. These monetary values are linked directly to 

both trade-off analysis and cost benefit analysis (CBA), and 

these links have been located in Economic and Social one-third 

of Figure 2. Trade-off analysis and CBA therefore provide 

socio-economic frameworks through which the impacts of 

ORE developments can be assessed for policy and planning, 

and these links are therefore located closer to the outer 

policy/planning ring.  

 

 

C. Social Axis  

Figure 3 shows how the social impacts of an ORE project 

(represented on the social axis) may be linked to factors on the 

economic and environmental axes. Public perception of ORE 

development will be influenced by a number of factors. This  



 

 
Fig 3: Social axis considerations. 

 
Fig 5: Governance axis considerations. 

 

 



 

 

 

can be influenced by the level of stakeholder engagement 

that is carried out. Stakeholder engagement is a method that the 

developer undertakes to involve key stakeholders in the 

development process, is a legal requirement and is placed on 

the developer circle in the diagram. This engagement generally 

involves a dedicated communication strategy developed at an 

early stage of project development planning.  

Public perception will also be influenced by the costs and 

benefits an ORE development will bring to the local 

community.  Community benefit is increasingly used to as an 

argument to ensure  local support for renewable energy 

developments. Community benefit can be in the form of direct 

financial reward e.g. community payments or promotion of 

local ownership.  Less direct benefits include  local contracting 

and benefits in kind. Community funds, local ownership and 

local jobs are predominantly economic benefits and, as such, 

they link the social and economic axes. Benefits in kind are 

those that a developer directly provides to the local community, 

for example a new facility or improvements to an existing one, 

environmental improvements such as the creation of a park etc.  

These are placed between the social and environmental axes on 

the graph.  

Evidence suggests that a consultative and publically 

available Environmental Impact Assessment (EIA), could 

increase project acceptance. As such, EIA could provide a 

further link between the social and environmental axes. While 

the EU EIA Directive does not explicitly include social impacts 

but that some Member States have included social impacts in 

their transposing legislation 

 

 

D. Governance  

Governance is the way in which power is exercised in the 

management of a country's economic, social and environmental 

resources for development and addresses the values, policies, 

laws and institutions, by which a set of issues are addressed. 

Governance is different to management. Governance sets the 

stage within which management occurs [44]. Management is 

the process by which human resources and material resources 

are harnessed to achieve a known goal within a known 

institutional structure. Simplistically governance arrangements 

are represented in Figure 4. 

 

 

 

Institutions

PolicyPolitical will

 Government

 Laws and policies

 Taxation

 Education

 Marketplace

 Profit orientated

 Ecosystem goods and services

 Civil society organisations

 Co-management

 Community building

Governance arrangements

Adapted from Arts et al., 2006

 
Fig 4: Governance arrangements (adapted from [45]) 

 

 

Figure 5 presents an illustration of how governance 

frameworks interact and inform project level actions. For this 

purpose, the diagram separates governance into different levels 

of application: from supranational level to site level with 

national and regional levels in between (outside to inside). 

Supranational level is represented by the outermost circle and 

can include legislation and policy at EU level which has the 

potential to act as a driver for development and, in relation to 

the environment, determines the over-arching legislation that is 

applicable and that may filter down to site level such as EIA 

and Appropriate Assessment (under Habitats Directive). 

National governance also has a role here in that national 

legislation and policy can impact upon site level actions, though 

in some respects this will remain slightly tangential or remote 

given that it is strategic in nature as opposed to operational.  

The impact of regional governance is variable and will 

depend on national characteristics and the extent to which 

government power is devolved between administrations. In 

some countries with a strongly devolved system of government, 

regional authorities will have a pronounced effect on site level 

activity. This could, for example, take the form of regional level 

economic development policy, objectives for community 

cohesion, or guidance on the implementation of [a specific] 

national environmental policy. Alternatively in countries with 

strongly centralised government structure actions will be much 

more centralised potentially resulting in less community 

involvement in decision-making, for example.  

All of the foregoing scales will have some level of 

implication for site level activity. Generally it is at site level 

where the supranational and national legal obligations will 

translate into practice. Likewise in terms of policy this could 

act as a key stimulus for a developer to develop at a particular 

site. Policy guidance may also inform how a project 

development is carried out not only in relation to meeting legal 

obligations but also how to engage with stakeholders, other 

regulatory authorities etc.  

 

Taking the example of EIA, this was first enactment in 

legislation in the USA and subsequently in Europe. From 



supranational governance level, in the form of the EU Directive 

on EIA, national government are tasked with transposing the 

provisions of this over-arching EU Directive into national law. 

In Ireland, for example, the Directive is implemented by the 

Planning and Development Acts, 2000-2010, the Planning and 

Development Regulations 2001-2014 and the European Union 

(Environmental Impact Assessment) Regulations 2014 etc. 

Depending on where the project development is to be located 

these Regulations may result in the need for an Environmental 

Impact Assessment to be conducted at the site level. 

 

 

 

 

IV. CONCLUSIONS 

This paper has proposed a novel and idealised visualisation 

method of connecting and integrating the assessment methods 

for Private and Public assessments in ORE. Methods were 

considered in terms of the three pillars of sustainability – 

economy; environment and society. These methods were then 

analysed within the broader context of governance before being 

considered in terms of the type of end user, or stakeholder. The 

stakeholders considered range from private investors with 

direct influence on the design of a single project to stakeholders 

within the broader public domain, with indirect influence on a 

specific project.  

Section III revealed the multiple dimensions of connectivity 

that exist, both between stakeholder levels in ORE, and 

between the topics of economics, society, and environment. 

This analysis led to insights on existing best practice, but also 

revealed the potential for disconnect between an ORE project’s 

commercial viability and its contribution to environmental and 

social goals, Within a governance context, the benefits arising 

from the connectivity identified are clear as understanding 

these linkages will ensure more effective and efficient 

application of methods in the future, in particular preventing 

double application. Evidence from practice tends to revolve 

EIA and SEA and the uptake of newer forms of assessment is 

less common. EIA traditionally has a strong biophysical 

(ecological) emphasis and consequently does not usually 

include, and arguably neglects, the socio-economic impacts of 

development and governance considerations. Environmental 

Assessment was founded on the basis of providing evidence-

based decision-making, but in the context of ORE 

development, practice is still limited and consequently it is 

difficult to provide evidence of benefits for a particular project 

at this time. 

Ecosystem Services and life cycle assessment are 

increasingly recognised as enabling linkages between EIA and 

socio-economic impacts and governance, as well as providing 

an opportunity to integrate more pure economic and social 

aspects of a development. However, the reality is that these 

approaches are still in development and are not habitually 

utilised or required to be employed in development planning. 

This leaves the social impacts of a development as a somewhat 

outstanding issue, addressed in some places in the usual EIA 

process or included by developers if thought to improve the 

“attractiveness” of their development to the local community or 

the decision-maker.  

In conclusion, the review revealed that the current study of 

the economics, social and environmental science of ORE 

remain separate and discrete areas of research. The economic 

methods utilised are typically limited to project (or private 

investor) level so arguably are not strategic and conducted 

purely for the purposes of the investor and consequently there 

is minimal need for these to integrate with other (social and 

environmental) assessments. However, the paper also 

demonstrated that these research areas are inter-connected and 

synergistic and must be examined in a holistic manner if an 

analysis of the over-arching sustainability of a project is to be 

determined. An integrated assessment approach has the ability 

to address both the private and the public aspects of an ORE 

development, provided an enabling framework exists. Further 

analysis of the connections of the three pillars of environment, 

economy and society, within a governance context, and their 

related synergies will be essential to ensure the sustainable 

development of this nascent but emerging sector. Further work 

needs to focus on such a framework as currently issues of scale, 

lack of appropriate data, risk and uncertainty compromise the 

adoption of an integrated approach to the assessment of the 

sustainability of a project. The over-arching approaches and 

conclusions of this paper are expected to be transferable across 

the renewables sector, and indeed beyond to the wider energy 

sector. 

ACKNOWLEDGMENT 

The contributions of Gordon Dalton, Anne Marie O’Hagan, 

Wanan Sheng and Kieran Reilly are based upon works 

supported by Science Foundation Ireland (SFI) under the 

Charles Parsons Award for Ocean Energy Research (Grant 

number 06/CP/E003) in collaboration with Marine Renewable 

Energy Ireland (MaREI), the SFI Centre for Marine Renewable 

Energy Research - (12/RC/2302). Grant Allan acknowledges 

the support of ClimateXChange, the Scottish Government 

funded centre of expertise in climate change. The views 

expressed here are the solely responsibility of the authors and 

not necessarily those of ClimateXChange or the Scottish 

Government. Aliki Georgakaki and Nick Hacking would like 

to acknowledge the support of the Welsh European Funding 

Office (WEFO) through the LCRI Convergence Energy 

Programme. The same authors would also like to thank Wouter 

Poortinga for his support and his constructive comments on the 

subject of stakeholder perceptions. The contribution of 

Pierpaolo Ricci was mostly developed at Tecnalia Research and 

Innovation under the financial support from the Department of 

Industry, Innovation, Commerce and Tourism of the Basque 

Government (ETORTEK Program). 

All authors wish to acknowledge the European Energy 

Research Alliance (EERA) 

 

 

 

 



REFERENCES  

 
 

1 IEA  Technology Roadmap: Wind Energy (2013) 

http://www.iea.org/publications/freepublications/publication/name
,43771,en.html 

2 IEA. Annual Report 2012 - Implementing agreement on ocean 

energy systems. Department, /DivisionOES IA and IEA Energy 
Technology Network. 2013. 

http://www.iea.org/media/openbulletin/OES2012.pdf 

3 European Renewable Energy Council (EREC). Renewable Energy 
Technology Roadmap. Department, 2009. 

http://www.erec.org/fileadmin/erec_docs/Documents/Publications/
Renewable_Energy_Technology_Roadmap.pdf 

4 EU Commission  Renewable Energy Road Map.  (2007) 

http://europa.eu/legislation_summaries/energy/renewable_energy/l
27065_en.htm 

5 Howley, M., M. Holland and D. D. Dineen. Energy in Ireland Key 

Statistics. Department, /DivisionSEAI. 2014. 
https://www.seai.ie/Publications/Statistics_Publications/Energy_in

_Ireland/Energy_in_Ireland_Key_Statistics/Energy-in-Ireland-

Key-Statistics-2014.pdf 
6 SI Ocean. Wave and tidal energy strategic technology agenda. 

Department, /DivisionEU OEA and Intelligent Energy Europe. 

2014. http://www.si-ocean.eu/en/upload/SI%20Ocean%20-
%20WaveTidal%20Strategic%20Technology%20Agenda.pdf 

7 Snyder, B. and M. J. Kaiser. "Ecological and economic cost-benefit 

analysis of offshore wind energy." Renewable Energy 34(6): 1567-
1578 (2009) 

8 Dalton, G., G. Allan, N. Beaumont, A. Georgakaki, N. Hacking, T. 

Hooper, S. Kerr, A. M. O’Hagan, K. Reilly, P. Ricci, W. Sheng and 
T. Stallard. "Economic and socio-economic assessment methods for 

ocean renewable energy: Public and private perspectives." 

Renewable and Sustainable Energy Reviews 45(0): 850-878. (2015) 
9 World Commission on Environment and Development. Our 

Common Future. Department, /DivisionOxford University Press, 

UK. 1987. http://www.un-documents.net/our-common-future.pdf 
10 United Nations. Sustainable Development: From Brundtland to Rio 

2012. Department, /DivisionBackground Paper prepared for 

consideration by the High Level Panel on Global Sustainability at 
its first meeting, 19 September 2010. United Nations, New York, 

USA. 2010. 

http://www.un.org/wcm/webdav/site/climatechange/shared/gsp/do
cs/GSP1-6_Background%20on%20Sustainable%20Devt.pdf 

11 Allan, G., M. Gilmartin, P. McGregor and K. Swales. "Levelised 

costs of Wave and Tidal energy in the UK: Cost competitiveness 
and the importance of "banded" Renewables Obligation 

Certificates." Energy Policy 39(1): 23-39. (2011) 

12 Stallard, T. Economics of Ocean Energy. Comprehensive 
Renewable Energy. S. Ali. Oxford, Elsevier. 8.06 151-169. (2012) 

http://www.sciencedirect.com/science/article/pii/B9780080878720

008064 
13 Devine-Wright, P. "Place attachment and public acceptance of 

renewable energy: A tidal energy case study." Journal of 

Environmental Psychology 31(4): 336-343. (2011) 
14 Bailey, I., J. West and I. Whitehead. "Out of Sight but Not out of 

Mind? Public Perceptions of Wave Energy." Journal of 

Environmental Policy & Planning 13(2): 139-157. (2011) 
15 Copping A, L. Hanna, J. Whiting, S. Geerlofs, M. Grear, K. Blake, 

A. Coffey, M. Massaua, J. B. Saracino and H. Battey. 

Environmental Effects of Marine Energy Development around the 
World for the OES Annex IV. Department, /DivisionOES and 

Pacific Northwest lab. 2013. 

http://www1.eere.energy.gov/water/pdfs/annex_iv_report.pdf 
16 Bergstrom, L., L. Kautsky, T. Malm, R. Rosenberg, M. Wahlberg, 

N. A. Capetillo and D. Wilhelmsson. "Effects of offshore wind 
farms on marine wildlife - a generalized impact assessment." 

Environmental Research Letters 9(3): 034012 (034012 pp.). (2014) 

17 Conley, D., D. Magagna, D. Greaves, E. Aires, J. Chambel Leitao, 
M. Witt, C. Embling, B. J. Godley, A. Bicknell, J. B. Saulnier, T. 

Simas, A. M. O’Hagan, J. O’Callaghan, B. Holmes, J. Sundberg, Y. 

Torre-Enciso and D. Marina. Report on the analysis of the EIA 
Experience for Wave Energy - Deliverable 3.5. Department, 

/DivisionSOWFIA project report. 2013.  

18 Ochi, M. K. "Probability distributions of peaks and troughs of non-
Gaussian random processes." Probabilistic Engineering Mechanics 

13(4): 291-298. (1998) 

19 IEA. IEA - Ocean Energy Systems - Annex 11. Department, 2003. 
http://www.iea-oceans.org/_fich/6/IEA-

OES_Annex_II_2003_(2406).pdf 

20 Mollison, D. Wave climate and the wave power resource, in 
Hydrodynamics of Ocean-Energy Utilization, D.V.Evans and A.F. 

de . Falcão: 133-156. (1985)  
21 Bedard , R. Wave energy forecasting accuracy as a function of 

forecast time horizon. Department, /DivisionEPRI. 2009. 

http://oceanenergy.epri.com/attachments/wave/reports/013_Wave_
Energy_Forecasting_Report.pdf 

22 Saulnier, J.-B., A. Clement, A. F. d. O. Falcao, T. Pontes, M. 

Prevosto and P. Ricci. "Wave groupiness and spectral bandwidth as 
relevant parameters for the performance assessment of wave energy 

converters." Ocean Engineering 38(1): 130-147. (2011) 

23 Stallard, T., R. Rothschild and G. A. Aggidis. "A comparative 
approach to the economic modelling of a large-scale wave power 

scheme." European Journal of Operational Research 185(2): 884-

898. (2008) 
24 Dalton, G. J., R. Alcorn and T. Lewis. "Case study feasibility 

analysis of the Pelamis wave energy convertor in Ireland, Portugal 

and North America." Renewable Energy 35(2): 443-455. (2010) 
25 Dalton, G. J., R. Alcorn and T. Lewis. "A 10 year installation 

program for wave energy in Ireland,  a sensitivity analysis on 

financial returns." Renewable Energy 40(1): 80-89. (2012) 
26 O'Connor, M., T. Lewis and G. Dalton. "Techno-economic 

performance of the Pelamis P1 and Wavestar at different ratings and 

various locations in Europe." Renewable Energy 50(0): 889-900. 
(2013) 

27 Carbon Trust. Future marine energy. Findings of the marine energy 

challenge: Cost competitiveness and growth of wave and tidal 
stream energy. Department, /DivisionCarbon Trust. 2006. 

http://www.ocean-energy-

systems.org/publication/future_marine_energy_results_of_the_ma
rine_energy_challenge_cost_competitiveness_and_growth_of_wa

ve_and_tidal_stream_energy/ 

28 Junginger, M., A. Faaij and W. C. Turkenburg. "Global experience 
curves for wind farms." Energy Policy 33(2): 133-150. (2005) 

29 Stallard, T., P. Ricci, J.-F. Dhedin, G. Harrison and L. Johanning. 

Economic Assessment of Marine Energy Projects. Chapter III. 
Department, /DivisionSmith, G.H. et al. (eds.) The EQUIMAR 

Protocols. The Institute for Energy Systems. ISBN 978-0-9508920-

3-0. 2011.  
30 O'Connor, M., T. Lewis and G. Dalton. "Weather window analysis 

of Irish west coast wave data with relevance to operations & 

maintenance of marine renewables." Renewable Energy 52(0): 57-
66. (2013) 

31 Hacking, T. and P. Guthrie. "A framework for clarifying the 

meaning of Triple Bottom-Line, Integrated, and Sustainability 
Assessment." Environmental Impact Assessment Review 28(2â€“3): 

73-89. (2008) 

32 Allan, G. J., et al. The economic impacts of temporary expenditures 
related to marine energy developments in the Pentland Firth and 

Orkney Waters area 2010-2020. Department, 

/DivisionForthcoming Strathclyde Discussion Papers in 
Economics. 2012.  

33 Dalton, G. J. and T. Lewis. "Metrics for measuring job creation by 

renewable energy technologies, using Ireland as a case study " 
Renewable and Sustainable Energy Reviews 15(4): 2123-2133 

(2011) 
34 Allan, G., et al,. Impact of alternative electricity generation 

technologies on the Scottish economy: an illustrative input–output 

analysis. Department, /DivisionFraser of Allander Institute and 
Department of Economics, University of Strathclyde, UK. 2006. 

http://www.see.ed.ac.uk/~shs/Tidal%20Stream/April%2007%20I

http://www.iea.org/publications/freepublications/publication/name,43771,en.html
http://www.iea.org/publications/freepublications/publication/name,43771,en.html
http://www.iea.org/media/openbulletin/OES2012.pdf
http://www.erec.org/fileadmin/erec_docs/Documents/Publications/Renewable_Energy_Technology_Roadmap.pdf
http://www.erec.org/fileadmin/erec_docs/Documents/Publications/Renewable_Energy_Technology_Roadmap.pdf
http://europa.eu/legislation_summaries/energy/renewable_energy/l27065_en.htm
http://europa.eu/legislation_summaries/energy/renewable_energy/l27065_en.htm
https://www.seai.ie/Publications/Statistics_Publications/Energy_in_Ireland/Energy_in_Ireland_Key_Statistics/Energy-in-Ireland-Key-Statistics-2014.pdf
https://www.seai.ie/Publications/Statistics_Publications/Energy_in_Ireland/Energy_in_Ireland_Key_Statistics/Energy-in-Ireland-Key-Statistics-2014.pdf
https://www.seai.ie/Publications/Statistics_Publications/Energy_in_Ireland/Energy_in_Ireland_Key_Statistics/Energy-in-Ireland-Key-Statistics-2014.pdf
http://www.si-ocean.eu/en/upload/SI%20Ocean%20-%20WaveTidal%20Strategic%20Technology%20Agenda.pdf
http://www.si-ocean.eu/en/upload/SI%20Ocean%20-%20WaveTidal%20Strategic%20Technology%20Agenda.pdf
http://www.un-documents.net/our-common-future.pdf
http://www.un.org/wcm/webdav/site/climatechange/shared/gsp/docs/GSP1-6_Background%20on%20Sustainable%20Devt.pdf
http://www.un.org/wcm/webdav/site/climatechange/shared/gsp/docs/GSP1-6_Background%20on%20Sustainable%20Devt.pdf
http://www.sciencedirect.com/science/article/pii/B9780080878720008064
http://www.sciencedirect.com/science/article/pii/B9780080878720008064
http://www1.eere.energy.gov/water/pdfs/annex_iv_report.pdf
http://www.iea-oceans.org/_fich/6/IEA-OES_Annex_II_2003_(2406).pdf
http://www.iea-oceans.org/_fich/6/IEA-OES_Annex_II_2003_(2406).pdf
http://oceanenergy.epri.com/attachments/wave/reports/013_Wave_Energy_Forecasting_Report.pdf
http://oceanenergy.epri.com/attachments/wave/reports/013_Wave_Energy_Forecasting_Report.pdf
http://www.ocean-energy-systems.org/publication/future_marine_energy_results_of_the_marine_energy_challenge_cost_competitiveness_and_growth_of_wave_and_tidal_stream_energy/
http://www.ocean-energy-systems.org/publication/future_marine_energy_results_of_the_marine_energy_challenge_cost_competitiveness_and_growth_of_wave_and_tidal_stream_energy/
http://www.ocean-energy-systems.org/publication/future_marine_energy_results_of_the_marine_energy_challenge_cost_competitiveness_and_growth_of_wave_and_tidal_stream_energy/
http://www.ocean-energy-systems.org/publication/future_marine_energy_results_of_the_marine_energy_challenge_cost_competitiveness_and_growth_of_wave_and_tidal_stream_energy/
http://www.see.ed.ac.uk/~shs/Tidal%20Stream/April%2007%20I%20MechE%20papers/Allan%20MacGregor%20Swales%20Turner.pdf


%20MechE%20papers/Allan%20MacGregor%20Swales%20Turn
er.pdf 

35 Allan, G. and M. Gilmartin. The regional employment impacts of 

renewable energy expenditures: The case for modelling. . 

Department, /DivisionUniversity of Strathclyde. 2011. 

http://www.strath.ac.uk/media/departments/economics/researchdis

cussionpapers/2011/11-29-Final.pdf 
36 Allan, G., P. McGregor and K. Swales. "The Importance of Revenue 

Sharing for the Local Economic Impacts of a Renewable Energy 

Project." Regional Studies: 1171-1186. (2011) 
37 O'Hagan, A. M. and A. W. Lewis. "The existing law and policy 

framework for ocean energy development in Ireland." Marine 

Policy 35(6): 772-783. (2011) 
38 Beaumont, N. J., M. C. Austen, J. P. Atkins, D. Burdon, S. Degraer, 

T. P. Dentinho, S. Derous, P. Holm, T. Horton, E. van Ierland, A. 

H. Marboe, D. J. Starkey, M. Townsend and T. Zarzycki. 
"Identification, definition and quantification of goods and services 

provided by marine biodiversity: Implications for the ecosystem 

approach." Marine Pollution Bulletin 54(3): 253-265. (2007) 
39 Jones, C. I., M. Baker, J. Carter, S. Jay, M. Short and C. Wood. 

Strategic environmental assessment and land use planning: an 

International evaluation, Routledge (Earthscan Planning Library), 
London.(2005)  

40 ISO  Environmental management - Life cycle assessment – 

Principles and framework - ISO14040.  (2006) 

http://www.iso.org/iso/catalogue_detail?csnumber=37456 

41 ISO  Environmental Management Life Cycle Assessment - 

Requirements and Guidelines.  (2006) 
http://www.iso.org/iso/catalogue_detail?csnumber=38498 

42 Duinker, P. N. and L. A. Greig. "Scenario analysis in environmental 

impact assessment: Improving explorations of the future." 
Environmental Impact Assessment Review 27(3): 206-219. (2007) 

43 Gunn, J. and B. F. Noble. "Conceptual and methodological 

challenges to integrating SEA and cumulative effects assessment." 
Environmental Impact Assessment Review 31(2): 154-160. (2011) 

44 Olsen, S. B. "Frameworks and indicators for assessing progress in 

integrated coastal management initiatives." Ocean & Coastal 
Management 46(3–4): 347-361. (2003) 

45 Arts, B., P. Leroy and J. van Tatenhove. "Political Modernisation 
and Policy Arrangements: A Framework for Understanding 

Environmental Policy Change." Public Organization Review 6(2): 

93-106. (2006) 
 

http://www.see.ed.ac.uk/~shs/Tidal%20Stream/April%2007%20I%20MechE%20papers/Allan%20MacGregor%20Swales%20Turner.pdf
http://www.see.ed.ac.uk/~shs/Tidal%20Stream/April%2007%20I%20MechE%20papers/Allan%20MacGregor%20Swales%20Turner.pdf
http://www.strath.ac.uk/media/departments/economics/researchdiscussionpapers/2011/11-29-Final.pdf
http://www.strath.ac.uk/media/departments/economics/researchdiscussionpapers/2011/11-29-Final.pdf
http://www.iso.org/iso/catalogue_detail?csnumber=37456
http://www.iso.org/iso/catalogue_detail?csnumber=38498

