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Marine renewable energy (MRE), which includes wave, tidal, and offshore wind

energy, has the potential to make significant contributions towards a sustainable

energy future in a number of countries worldwide. One such country is Spain,

where MREs are among the largest renewable resources; yet they are not playing

their full part in the national energy mix. Among other constraints, the lack of a

specific policy framework promoting this emerging sector is often pointed to as the

main barrier for MRE grid penetration. This paper assesses the Spanish MRE

sector, in terms of resource availability, government plans, policy regulations, and

projects undertaken, with a view to establish a comparison with the situation in

other European countries. In particular, the United Kingdom is used as a case study

to analyze ongoing research activities, pilot projects, and lessons learned. As a

result, it is found that public funding needs to be increased; the economic crisis

should be seen as an opportunity for job creation and industrial development rather

than a barrier; administrative procedures must be simplified and cross-national

cooperation should be increased. Policies focused on these aspects may contribute

to boost the MRE sector in Spain. VC 2015 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4938405]

I. INTRODUCTION

The worldwide demand for electricity has been growing considerably during the last deca-

des. In response to this, most countries now recognize the need to incorporate renewable energy

resources as an alternative to fossil fuels within their energy policy, so that they can achieve

future energy security and mitigate the effects of climate change (Ghezloun et al., 2014). The

need for increasing the share of renewable energies to the total energy production has resulted

in a growing interest on marine renewable energy (MRE), which include offshore wind, wave,

and tidal energy (Pelc and Fujita, 2002). Yet not fully-fledged renewables, it is generally agreed

that MREs could meet total worldwide electricity demand many times over (Magagna and

Uihlein, 2015). So far, it is anticipated that more than 10% of electricity could be generated

from marine renewable sources by 2020. Despite this promising prediction, the MRE sector has

not been able to realize its full potential in a number of countries worldwide. One of such

countries is Spain where MREs are among the largest renewable resources; yet they are not

playing their full part in the national energy mix (IDAE, 2011).

Several barriers to MRE grid penetration could be mentioned, but the lack of appropriate

policy and regulatory frameworks has been long claimed as being among the most significant

issues (Jeffrey et al., 2014). Indeed, past experiences have proven that government policy mak-

ers influence significantly the accomplishment or approach vis-�a-vis renewable energy
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(Goldemberg et al., 2014). The wind energy policy in Spain constitutes a great example (S�aenz

de Miera et al., 2008). Thanks to the support at a public level, by means of a detailed renew-

able energy plan (updated in 2010, see IDAE, 2011), a long-term subsidization framework for

renewable energies (throughout feed-in tariffs (FIT)), and growth rates of wind-installed power

during the last decade in this country have been significant. In the 1998–2005 period, wind

capacity has grown annually at an average rate of 42% (S�aenz de Miera et al., 2008). In con-

trast, the lack of administrative procedures and specific policies (among others) is weighing on

potential inversions in the MRE sector, which in turn is considerably less developed (Leete

et al., 2013 and Verbruggen et al., 2010).

This paper explores the MRE sector in Spain, in terms of potentials of use (resource avail-

ability), government plans, policy regulations, and undertaken projects. This situation is then

compared with the emerging MRE policy in Europe, with a special focus on the United

Kingdom (UK)—one of the leading European countries in MRE development (Jeffrey et al.,
2014). In particular, ongoing research activities, pilot projects, and lessons learned from the UK

policy are analyzed, with a view to suggest policy measures that could contribute to boost the

marine energies in Spain.

A. Marine renewable energies: Overview

Marine renewable energy in the context of this paper includes wave, tidal stream, and off-

shore wind energy technologies, which are briefly explained below.

Offshore wind energy harnesses the power of winds that are found over the oceans, which

are strong and consistent (Veigas and Iglesias, 2013; Veigas et al., 2014; and Veigas and

Iglesias, 2014). It is based on the same conceptual design and working principle as onshore

wind energy, i.e., it aims to capture the kinetic energy of natural wind movements through tur-

bines with a view to transform it into electricity (P�erez-Collazo et al., 2015). The theoretical

amount of kinetic energy in the wind that is available for conversion is related to the cube of

the velocity of the winds. Notwithstanding, it has to be taken into account that wind turbines

do not convert all the available energy into electric power, but a fraction of the available

energy (between 40% and 50%) (Ellabban et al., 2014). From 1970 to 1980, a variety of

onshore wind turbine configurations were investigated with a view to maximize energy capture

and minimize the cost. As a result, two types of designs were proposed, namely, horizontal and

vertical axis designs. Gradually, the horizontal axis design came to dominate and it has been

also adopted for offshore wind energy (Fig. 1(a)) (Siemens Ltd.). The main motivations for

developing offshore wind energy instead of onshore wind energy are the following: the better

quality of wind resources in the sea, where the winds are stronger and thus more energetic; and

the availability of more free areas, where bigger turbines and larger wind farms can be installed

(Bilgili et al., 2011; Ellabban et al., 2014; and Esteban et al., 2011).

Wave energy is related to wind energy, since ocean waves are generated by the force of

the winds over the ocean surface (Iglesias and Carballo, 2009; Iglesias et al., 2009; and Iglesias

and Carballo, 2010b). Once created, waves can travel large distances with little energy loss

(Carballo and Iglesias, 2012; Carballo et al., 2014; and Carballo et al., 2015). As opposed to

wind energy, it is expected that different principles of wave energy conversion—oscillating

water column (OWC), overtopping (Buccino et al., 2012) such as the WaveDragon

(WaveDragon Ltd.) (Fig. 1(b)), etc.—will be utilised at various locations (shoreline, near-shore,

offshore) to take advantage of the variability of the resource (Carballo et al., 2015), which has

been globally estimated at 10 TW. In particular, the wave power resource in the European

coastline was found to range from 1 GW (in Sweden) to 120 GW (in the UK). On the

Mediterranean side, the wave energy resource contribution from Spain, France, Italy, and

Greece was estimated to be 30 GW (Vicinanza et al., 2011 and 2013). Depending on what is

considered to be exploitable, the wave energy resource could cover up to 66% of the total

world energy consumption (Astariz et al., 2015c).

Tidal energy is the energy dissipated by tidal movements and it can be classified into: (1)

potential energy, resulting from the rise and fall of the tide and (2) kinetic energy, generated by
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the flood and ebb currents (O Rourke et al., 2010a). Both forms of energy can be used to pro-

duce electricity by means of tidal barrages and tidal stream energy converters, e.g., SeaGen tur-

bine (Fig. 1(c)) (Atlantis Resources Ltd.), respectively. Initially, the exploitation of tidal energy

was based on the construction of tidal barrages. However, due to their various environmental

impacts (on both the hydrodynamics and the marine life), the interest on tidal barrages

decreased (Ahmadian et al., 2012; Frid et al., 2012; and Hooper and Austen, 2013). Thus, the

efforts have been recently focused on tidal stream energy (Evans et al., 2015 and Neill et al.,
2014). On this basis, a number of tidal stream energy converters have been developed, which

can be classified, according to their principle of operation into reciprocating or rotating devices

(Denny, 2009; O Rourke et al., 2010b; and Sanchez et al., 2014b). The latter are the most

extended and can be bottom-mounted devices or floating converters (Sanchez et al., 2014a).

However, so far none of the existing designs has gained universal acceptance (as in the case of,

e.g., the three-bladed horizontal-axis wind turbine) (O Rourke et al., 2010b). Rather, a number

of analyses on different designs are being conducted with a view to determining which charac-

teristics can maximise the power output of converters (Lee et al., 2012 and Li and Çalişal,

2010). The potential impacts of tidal stream energy are also being investigated, and indeed

characterising and minimising them is a crucial prerequisite to maintain the sustainable charac-

ter of tidal stream energy (Ramos et al., 2013; Sanchez et al., 2014b; and Sanchez et al.,
2014c). These studies are helping designers to establish a basis on which prototypes can be suc-

cessfully deployed in real environments (Willis et al., 2010).

MREs present significant advantages in comparison to other forms of energy. Offshore

wind energy has a higher power potential than onshore wind energy, since the winds are stron-

ger in the ocean. Tidal stream energy is predictable and has a higher load factor than wind

energy due to the properties of the fluid (water density is approximately one thousand times

that of air). It also benefits from public acceptance and positive externalities (Vazquez and

Iglesias, 2015b). Wave energy can be forecasted several days ahead and it is an abundant

resource that has low visual and acoustic impact. As renewable sources, the MREs have low

FIG. 1. Marine energy converters: (a) offshore wind turbines; (b) overtopping wave energy converter turbine. Reproduced

with permission from WaveDragon Ltd. Copyright 2015 Wave Dragon Technology. (c) Tidal stream turbine. Reproduced

with permission from Atlantis Resources Ltd. Copyright 2015 Atlantis Resources.
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environmental impact since they do emit neither carbon dioxide nor other chemical pollutants.

Moreover, a recent line of investigation is assessing the potential of combined exploitation of

some MREs, namely, wave and offshore wind energy, with promising results (Astariz et al.,
2015c; Astariz et al., 2015b; Astariz et al., 2015d; Astariz and Iglesias, 2015; and Azzellino

et al., 2013a). So far, the following advantages of such combined systems can be anticipated:

increased power production (Azzellino et al., 2013b); the possible shadow effect (i.e., reduced

wave heights at the inner part of the farm, which increases the accessibility); and the potential

to share electrical and structural infrastructure (e.g., cabling), which can also have a positive

impact on the operational costs (Astariz et al., 2015a).

Of course, MREs are not without downsides, among which is the fact that the technology

is not totally mature yet and therefore the related expenditures are high (Vazquez et al., 2014).

However, a well-planned policy framework may strengthen and accelerate the development of

marine energies—which is the central topic of this paper (Vazquez et al., 2014).

II. MARINE RENEWABLE ENERGY IN SPAIN

Spain has a long coast that faces the Atlantic Ocean and both the Cantabrian and the

Mediterranean Sea. With almost 8000 km of coastline (Law of Coasts 22/1988), marine energies

in Spain constitute promising resources. However, their degree of development is not as high as

it could be expected. Indeed, other countries with less marine energy potential have a more

mature sector. In Spain, a number of development projects were carried out, but specific policy

measures and supporting schemes are still insufficient in some cases and undefined in others.

A. Marine energy potential

Within Europe, Spain ranks among the leading countries in terms of wind energy potential

(installed capacity). By the end of 2014, Spain ranked second (after Germany), since the in-

stalled wind capacity in Spain was above 20 000 MW (Upham and Garc�ıa P�erez, 2015 and

Vazquez et al., 2014). Despite having the same working principle, and thus employing similar

technology, the development of the offshore wind energy sector is not so outstanding.

According to Makridis (2013), Spain has a higher offshore potential than Denmark (317 GW

versus 256 GW). Whilst Denmark is a current leader in offshore wind energy (Azzellino et al.,
2013c), together with the United Kingdom (IDAE, 2011 and Makridis, 2013), Spain is never-

theless planning to include this renewable in the energy mix by 2020 (IDAE, 2011).

Regarding wave energy, Spain has one of the highest potential among the European coun-

tries, highlighting the case of Galicia with 66 kW/m (IDAE, 2011) (Fig. 2). Indeed, the wave

energy potential for commercial exploitation in Spain is estimated at 16 GW (MEyC, 2012).

The wave energy potential of the Iberian Peninsula and Portugal, and in particular, of the

Atlantic coast of Spain has been the subject of a number of previous studies (e.g., Iglesias and

Carballo, 2010a; Carballo et al., 2015; and Rusu and Guedes Soares, 2012), with promising

results. These studies pointed towards wave energy farms being able to satisfy regional electric

demands (Veigas et al., 2015). As it happened with offshore wind energy, Spain is far from

leading the production of wave energy in Europe.

Tidal energy in Spain is also a promising resource (IDAE, 2011). Several places along the

Atlantic coast were pointed as interesting future tidal stream sites, e.g., Ria de Muros (Carballo

et al., 2009), Ria de Ribadeo (Ramos et al., 2014a), Ria de Ortigueira (Iglesias et al., 2012),

and Ria de Arousa (Ramos and Iglesias, 2013) in NW Spain. A recent study highlighted the

possibility of satisfying the electrical demand of a port by means of tidal stream energy in NW

Spain (Ramos et al., 2014b). Despite this significant potential, there is a lack of tidal stream

energy farms at a commercial scale in Spain.

B. Regulatory framework

Currently, there are neither concrete government plans nor a relevant legislation for the ex-

ploitation of the marine energies in Spain. This causes uncertainty over requirements,
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ambiguity, and delays in consenting application processes, since procedures designed for other

sectors (e.g., oil) are used instead (Simas et al., 2015).

Marine energies are specifically considered only in 2 Royal Decrees (RD). The Royal

Decree 1028/2007 (RD 1028/2007) establishes the administrative procedure to apply for an au-

thorization of installations at sea for electricity generation. Even though it is mainly focused on

offshore wind, a procedure for the other marine technologies (wave and tidal stream energy) is

also included. The Royal Decree 661/2007 (RD 661/2007) set a FIT range between 8.43 ce/

kWh and 16.40 ce/kWh for the offshore wind energy. The Spanish Ministry of Economy and

Competitiveness (MEyC, 2012) suggested a hypothetical FIT scheme for both tidal and wave

energy (Table I). As seen in Table I, the FIT values are quite high, if compared to those associ-

ated with the offshore wind energy; however, they have not been officially established yet.

The current economic crisis has threatened the revenue mechanisms. Indeed, the Royal

Decree 1/2012, January 27th temporarily suspended all FITs for new installations of renewable

energies.

C. Government plans

In Spain, the Renewable Energy Plan (Plan de Energ�ıas Renovables (PER)) 2010–2020

(IDAE, 2011) describes the current situation of the marine energy sector and sets future strategic

actions for this sector. The quantitative targets for each marine technology are commented below.

For offshore wind energy, the PER states that a capacity of 50 MW is expected to be in-

stalled by the end of 2020. The electricity production, forecasted between 2011 and 2020, is

shown in Table II (IDAE, 2011).

The Spanish PER sets a global objective for both wave and tidal energy, including a target

for an annual installation rate of 20–25 MW between 2016 and 2020. The plan also states that

100 MW is expected to be installed by 2020, producing 220 GWh/year by then.

FIG. 2. Mean distribution of wave energy in Europe (kW/m).

TABLE I. The proposed feed-in tariff (FIT) scheme for wave and tidal energy in Spain.

Period FIT (ce/kWh) Fixed bonus over market price (ce/kWh)

First 20 years 74.410 41.519

After 20 years 70.306 33.047
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In materializing the aforementioned predictions, the plan points at several kinds of barriers

(technical, financial, etc.) that need to be overcome. Some of the most remarkable administra-

tive barriers are: (1) insufficient FIT mechanisms and (2) complex and time-consuming proce-

dures for licensing and authorization. In order to be effective, FITs should be established on the

basis of real costs and positive benefits that marine energies can produce (jobs, less environ-

mental impact, etc.) Therefore, proper ex-ante economic assessment tools must be developed

(Vazquez and Iglesias, 2015b and Vazquez and Iglesias, 2015a). Concerning the total time

needed to obtain approval of one MRE project, it is approximately 2 years (with some varia-

tions among different projects). The lack of previous experience in the MRE projects explains

that such a long process is carried out case-by-case (Simas et al., 2015).

D. Technology strategic actions

In several Spanish regions (e.g., the Basque Country and the Canary Islands), governments

are promoting and developing demonstration projects, test facilities, and new MRE converters.

The technology strategic actions, which are to strengthen the MRE sector in Spain, can be clas-

sified in the following groups (Villate, 2012):

• Operational ocean energy projects:

(–) Mutriku OWC Plant: it is the Spanish first commercial wave power plant. Its installed

power is of 216 kW. It is focussed on oscillating water column (OWC) turbines and allows

developers to test prototypes from a quarter scale to full size scale.

(–) WELCOME (Wave Energy Lift Converter Multiple Espa~na). This is a 1:5 scale wave

energy converter (WEC) prototype based on APC-PYSIS technology (Supplemented Point

Absorber). It was installed in April 2011 around 4 nautical miles from Las Palmas harbor

(Canary Islands—Spain)—PLOCAN. Developer: PIPO systems.
• Test facilities: BIMEP (Biscay Marine Energy Platform). It is an ocean infrastructure for

research, demonstration, and operation of offshore WECs at the open sea (water depth between

50 m and 90 m). In Fig. 3, a representation of the infrastructure and its main components is pre-

sented. As it can be observed, a rectangle area (4 � 2 km) has been demarcated to hold the

WECs, which are connected to onshore cables by means of 4 test power connection units

(BIMEP).
• New Developments (Fig. 4).

III. LESSONS LEARNED FROM OTHER COUNTRIES: THE CASE OF THE UNITED

KINGDOM

The UK is amongst the European leaders in marine energy development (Foxon et al.,
2005). Fig. 5 shows the intense MRE activity across the UK, with a number of current and

planned wave, tidal and offshore wind energy projects (European Marine Energy Centre

(EMEC); Renewable UK, 2012). In 2010, the UK led the production of offshore wind energy

in Europe with 15 farms in operation and a total installed capacity of 1341 MW (IDAE, 2011).

As regards the tidal energy production, the level of UK tidal practical resource was estimated

to be 18–200 TWh per annum. To exploit it, the Crown Estate has demarcated 26 zones for

tidal energy deployment in the UK, which account for over 1000 MW (Magagna and Uihlein,

2015). Despite receiving less interest and investments (if compared to the tidal energy sector),

wave energy production in the UK during the last 5 years was estimated at 0.8 GWh, as stated

in Magagna and Uihlein (2015). According to Renewable UK (2013), the progress of the

TABLE II. Forecasted electricity production between 2011 and 2020 (cumulative data).

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Offshore wind energy production (kWh) 0 0 3 34 66 111 231 498 1065 1865
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marine energy sector in the UK has been driven by a number of supporting initiatives encour-

aged by the Government and other stakeholders, as explained below.

A. The UK policy framework

The UK marine energy strategy is characterized by introducing “technology push” and

“market pull” supporting mechanisms (Jeffrey et al., 2014). These mechanisms are mainly fi-

nancial supporting initiatives that can be classified in three groups (Renewable UK, 2013): (1)

Government funding to support specific projects; (2) revenue support policies; and (3) funding

bodies (e.g., The Carbon Trust, The Department of Energy and Climate Change, etc.). Some of

the most remarkable initiatives (Jeffrey et al., 2014) are shown in Fig. 6.

The success of the UK strategy may be due to several key aspects, which are summarized

below.

• The variety of schemes. The aforementioned initiatives (revenues, funding bodies, etc.) allow

supporting a range of activities that can cover different needs of the sector.
• The supporting mechanisms cover a different stage of development from underpinning research

through to full scale test infrastructure and deployment activities (Fig. 6). This allows having a

FIG. 3. BIMEP Offshore infrastructure and equipment. Reproduced with permission from BIMEP, see http://www.fp7-marinet.eu/

EVE-biscay-marine-energy-platform-bimep.html for EVE Biscay Marine Energy Platform. Copyright 2013 BIMEP.

FIG. 4. New Spanish technology developments: (a) 300 kW wave buoy, Galicia 2011; (b) 1 PowerBuoy prototype to dem-

onstrate improved electronic “tuning” for changes in wave conditions, Santo~na, 2012; (c) 150 kW Wave Energy Power

Buoy Project based on a linear converter, Canary Islands, 2014.
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wide perspective of the technology development process. Therefore, lessons learned from the

most developed projects can be incorporated to the less mature technology, producing savings

in both money and effort.
• The timing of support mechanisms has a significant impact (Magagna and Uihlein, 2015 and

Jeffrey et al., 2014). Some of the decisions were taken in advance. For example, the early estab-

lishment of the EMEC was a strategic decision that has helped to accelerate the development of

the sector in the UK. On the other hand, the establishment of the Renewable Obligation (RO)

premium improved the confidence within the private sector, by reducing the risk of investment.
• The UK strategy has a long-term approach, i.e., it is based in current investment in order to

obtain future benefits.

B. UK technology developers

The UK policy framework is favourable for technology developers since it reduces the

investment risk. Thus, for instance, over the 100 tidal energy companies involved in the devel-

opment of tidal energy technology, the UK accounts for more than 30% of tidal developers

FIG. 5. MRE activity in the UK: current and planned wave, tidal and offshore wind energy projects across the UK (location

of sites are approximate).

FIG. 6. UK policy initiatives within the marine energy sector.
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(EMEC) (Fig. 7). A similar percentage can be associated to the amount of wave energy devel-

opers, but at a European scale (EMEC) (Fig. 8). While among tidal stream energy devices, the

horizontal axis turbine is the most extended design (Fairley et al., 2013); there is a lack of con-

sensus amongst the various wave energy converters. Indeed, three different wave energy con-

verters account for 82% of research efforts, which adds uncertainty and weighs on the number

of wave technology developers (Magagna and Uihlein, 2015).

The existence of technology developers in a country is not trivial at all. It implies that the

national energy resources may be exploited by national companies, which may contribute to

benefit the country at different levels: economically, socially (by creating jobs and promoting a

healthier electricity technology), and environmentally (by reducing the CO2 emissions, for

example). In this sense, public investment is justified by the benefits generated.

IV. POLICY RECOMMENDATIONS FOR THE SPANISH MRE SECTOR

The degree of development that is experienced in the Spanish marine energy sector is still

small in comparison to its energy potential. By analysing the case of the UK, it can be seen

FIG. 7. Distribution of tidal developers in the world.

FIG. 8. Distribution of wave developers in the world.
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that Spain would become a major player in the marine energy sector if more attention was paid

to the regulatory framework and the financial incentives.

First, public funding has to be increased. Marine energy technologies are not currently cost

competitive with conventional sources. Therefore, a long-term strategic approach should be

adopted until this emerging sector could be privately funded entirely. The economic crisis may

be a barrier for the public funding, but it should be seen as an opportunity, since this funding

will bring in turn long-term social benefits such as energy security, carbon emissions reduc-

tions, job creation, and economic development.

Second, the permissions, licenses, and other requirements needed to develop a marine

energy project should be clearly defined with simple processes, which would be preferably

designed ad hoc. Coordination between consenting authorities should be improved as well. This

would contribute to lower the risk associated to the MRE as an emerging sector.

Last but not least, there is a potential of cross-national cooperation (between Spain and

other European countries, such as the UK). This cooperation could be focused on the testing of

devices and infrastructure to promote knowledge exchange and to avoid replication. This may

have also cost saving implications for both policy makers and technology developers (Bailey

et al., 2012). On the other hand, the potential also exists for technology developers to move

towards clusters in order to gain infrastructural, economic, informational, technical, and other

benefits. The advantages of joint projects are potentially considerable, but need to be offset

against other factors. The main barrier for cooperating is the desire to establish local competi-

tive advantages in the emerging MRE technologies as a way of achieving national economic

growth (Bailey et al., 2012).

V. CONCLUSIONS

Within the European countries, Spain has a promising potential in marine energies (wave,

tidal stream, and offshore wind energy). While it has considerable scope for marine energy de-

velopment, this sector in Spain is having a late development in comparison with other countries

that have similar marine energy resources. The lack of both concrete government plans and a

relevant legislation for the exploitation of the marine resources is one of the main challenges to

be addressed.

In this context, this work had two main aims: (1) to identify strengths and weaknesses in

current national regulatory frameworks affecting the development of the marine renewable

energy sector and (2) to provide recommendations on how the weaknesses might be corrected

to accelerate the growth of the marine renewable sector in Spain.

The government’s Renewable Energy Plan (PER) 2010–2020 includes the promotion

of marine energies. Indeed, it is expected that marine energies will take part in the energy mix

by 2020. Nowadays, a number of technological strategic actions are taken, including test facili-

ties and new developments. These actions encourage the private sector implication in the devel-

opment of marine energy technology. However, there is a lack of both concrete action plans

and detailed supporting initiatives in order to achieve the proposed goals.

As for the comparison between the UK and Spain, the strategic actions recommended in

this work are: greater public funding specifically assigned for the development of the marine

energy sector and cross-border learning opportunities that may contribute further to the growth

of the marine renewable energy industry in Europe. It is important to highlight that, apart from

the UK, other European countries could be used as examples of successful strategies. For

instance, Denmark has recently simplified the requirements for licensing marine energies

projects.

To conclude, the design of accurate energy policies is inextricably linked to the develop-

ment and promotion of the marine energy sector. Hence, implementation of energy policy or

strategy to develop this new technology is important and vital to ensure its success as the lead-

ing “green” energy source worldwide.
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Li, Y. and Çalişal, S. M., “Numerical analysis of the characteristics of vertical axis tidal current turbines,” Renewable
Energy 35, 435–442 (2010).

Siemens Ltd., see http://www.energy.siemens.com/hq/en/renewable-energy/wind-power/offshore.htm/ for information
about wind power solutions for offshore, onshore and service projects.

Magagna, D. and Uihlein, A., “Ocean energy development in Europe: Current status and future perspectives,” Int. J. Mar.
Energy 11, 84–104 (2015).

Makridis, C., “Offshore wind power resource availability and prospects: A global approach,” Environ. Sci. Policy 33,
28–40 (2013).

MEyC, see http://www.investinspain.org/invest/wcm/idc/groups/public/documents/documento/mda0/mzi4/~edisp/
4328718.pdf for “Oportunidades en el sector espa~nol de la energ�ıa marina’. INVEST IN SPAIN Nota de oportunidad:
’Energ�ıa renovable: energ�ıa marin,” Ministerio de Econom�ıa y Competitividad (MEyC).

Neill, S. P., Hashemi, M. R., and Lewis, M. J., “The role of tidal asymmetry in characterizing the tidal energy resource of
Orkney,” Renewable Energy 68, 337–350 (2014).

O Rourke, F., Boyle, F., and Reynolds, A., “Tidal energy update 2009,” Appl. Energy 87, 398–409 (2010a).
O Rourke, F., Boyle, F., and Reynolds, A., “Marine current energy devices: Current status and possible future applications

in Ireland,” Renewable Sustainable Energy Rev. 14, 1026–1036 (2010b).
Pelc, R. and Fujita, R. M., “Renewable energy from the ocean,” Mar. Policy 26, 471–479 (2002).
P�erez-Collazo, C., Greaves, D., and Iglesias, G., “A review of combined wave and offshore wind energy,” Renewable

Sustainable Energy Rev. 42, 141–153 (2015).
Ramos, V., Carballo, R., �Alvarez, M., S�anchez, M., and Iglesias, G., “Assessment of the impacts of tidal stream energy

through high-resolution numerical modeling,” Energy 61, 541–554 (2013).
Ramos, V., Carballo, R., �Alvarez, M., S�anchez, M., and Iglesias, G., “A port towards energy self-sufficiency using tidal

stream power,” Energy 71, 432–444 (2014a).
Ramos, V., Carballo, R., Sanchez, M., Veigas, M., and Iglesias, G., “Tidal stream energy impacts on estuarine circulation,”

Energy Convers. Manage. 80, 137–149 (2014b).
Ramos, V. and Iglesias, G., “Performance assessment of tidal stream turbines: A parametric approach,” Energy Convers.

Manage. 69, 49–57 (2013).
Renewable UK, see http://www.renewableuk.com/en/utilities/document-summary.cfm?docid¼534FCE8C-D4DB-490D-

A58E6B14B4B72BE4 for “Crown Estate offshore wind map,” 2012.
Renewable UK, see http://www.renewableuk.com/en/publications/index.cfm/wave-and-tidal-energy-in-the-uk-2013 for

“Wave and Tidal Energy in the UK Conquering Challenges, Generating Growth,” 2013.
Royal Decree (RD) 661/2007, see www.boe.es/boe/dias/2007/05/26/pdfs/A22846-22886.pdf for information about regula-

tion of renewables in Spain, 2007.
Royal Decree (RD) 1028/2007, see www.cne.es/cd_navidad/CNE/03_hechos_destacables/download/1_normativa/RD1028-

2007.pdf for information about the administrative procedure for processing applications for the authorisation of electricity
generating facilities in Spanish waters, 2007.

Rusu, L. and Guedes Soares, C., “Wave energy assessments in the Azores islands,” Renewable Energy 45, 183–196
(2012).

S�aenz de Miera, G., del R�ıo Gonz�alez, P., and Vizca�ıno, I., “Analysing the impact of renewable electricity support schemes
on power prices: The case of wind electricity in Spain,” Energy Policy 36, 3345–3359 (2008).

Sanchez, M., Carballo, R., Ramos, V., and Iglesias, G., “Energy production from tidal currents in an estuary: A compara-
tive study of floating and bottom-fixed turbines,” Energy 77, 802–811 (2014a).

Sanchez, M., Carballo, R., Ramos, V., and Iglesias, G., “Floating vs. bottom-fixed turbines for tidal stream energy: A com-
parative impact assessment,” Energy 72, 691–701 (2014b).

Sanchez, M., Carballo, R., Ramos, V., and Iglesias, G., “Tidal stream energy impact on the transient and residual flow in an
estuary: A 3D analysis,” Appl. Energy 116, 167–177 (2014c).

Simas, T., O’Hagan, A. M., O’Callaghan, J., Hamawi, S., Magagna, D., Bailey, I., et al., “Review of consenting processes
for ocean energy in selected European Union Member States,” Int. J. Mar. Energy 9, 41–59 (2015).

Upham, P. and Garc�ıa P�erez, J., “A cognitive mapping approach to understanding public objection to energy infrastructure:
The case of wind power in Galicia, Spain,” Renewable Energy 83, 587–596 (2015).

061702-12 Vazquez, Astariz, and Iglesias J. Renewable Sustainable Energy 7, 061702 (2015)

http://www.idae.es/index.php/mod.documentos/mem.descarga?file=/documentos_11227_PER_2011-2020_def_93c624ab.pdf
http://www.idae.es/index.php/mod.documentos/mem.descarga?file=/documentos_11227_PER_2011-2020_def_93c624ab.pdf
http://www.idae.es/index.php/mod.documentos/mem.descarga?file=/documentos_11227_PER_2011-2020_def_93c624ab.pdf
http://dx.doi.org/10.1016/j.energy.2009.08.004
http://dx.doi.org/10.1016/j.renene.2009.03.030
http://dx.doi.org/10.1016/j.energy.2010.01.011
http://dx.doi.org/10.1016/j.renene.2009.10.019
http://dx.doi.org/10.1016/j.renene.2012.05.012
http://dx.doi.org/10.1016/j.techfore.2013.08.006
http://dx.doi.org/10.1016/j.techfore.2013.08.006
http://www.boe.es/buscar/doc.php?id=BOE-A-1988-18762
http://www.boe.es/buscar/doc.php?id=BOE-A-1988-18762
http://dx.doi.org/10.1016/j.apenergy.2012.04.018
http://dx.doi.org/10.1016/j.enpol.2013.05.011
http://dx.doi.org/10.1016/j.renene.2009.05.024
http://dx.doi.org/10.1016/j.renene.2009.05.024
http://www.energy.siemens.com/hq/en/renewable-energy/wind-power/offshore.htm/
http://dx.doi.org/10.1016/j.ijome.2015.05.001
http://dx.doi.org/10.1016/j.ijome.2015.05.001
http://dx.doi.org/10.1016/j.envsci.2013.05.001
http://www.investinspain.org/invest/wcm/idc/groups/public/documents/documento/mda0/mzi4/~edisp/4328718.pdf
http://www.investinspain.org/invest/wcm/idc/groups/public/documents/documento/mda0/mzi4/~edisp/4328718.pdf
http://dx.doi.org/10.1016/j.renene.2014.01.052
http://dx.doi.org/10.1016/j.apenergy.2009.08.014
http://dx.doi.org/10.1016/j.rser.2009.11.012
http://dx.doi.org/10.1016/S0308-597X(02)00045-3
http://dx.doi.org/10.1016/j.rser.2014.09.032
http://dx.doi.org/10.1016/j.rser.2014.09.032
http://dx.doi.org/10.1016/j.energy.2013.08.051
http://dx.doi.org/10.1016/j.energy.2014.04.098
http://dx.doi.org/10.1016/j.enconman.2014.01.027
http://dx.doi.org/10.1016/j.enconman.2013.01.008
http://dx.doi.org/10.1016/j.enconman.2013.01.008
http://www.renewableuk.com/en/utilities/document-summary.cfm?docid=534FCE8C-D4DB-490D-A58E6B14B4B72BE4
http://www.renewableuk.com/en/utilities/document-summary.cfm?docid=534FCE8C-D4DB-490D-A58E6B14B4B72BE4
http://www.renewableuk.com/en/utilities/document-summary.cfm?docid=534FCE8C-D4DB-490D-A58E6B14B4B72BE4
http://www.renewableuk.com/en/publications/index.cfm/wave-and-tidal-energy-in-the-uk-2013
http://www.boe.es/boe/dias/2007/05/26/pdfs/A22846-22886.pdf
http://www.cne.es/cd_navidad/CNE/03_hechos_destacables/download/1_normativa/RD1028-2007.pdf
http://www.cne.es/cd_navidad/CNE/03_hechos_destacables/download/1_normativa/RD1028-2007.pdf
http://dx.doi.org/10.1016/j.renene.2012.02.027
http://dx.doi.org/10.1016/j.enpol.2008.04.022
http://dx.doi.org/10.1016/j.energy.2014.09.053
http://dx.doi.org/10.1016/j.energy.2014.05.096
http://dx.doi.org/10.1016/j.apenergy.2013.11.052
http://dx.doi.org/10.1016/j.ijome.2014.12.001
http://dx.doi.org/10.1016/j.renene.2015.05.009


Vazquez, A., Astariz, S., and Iglesias, G., “A strategic policy framework for promoting the marine energy sector,” in 3rd
IAHR Europe Congress, Book of Proceedings, Porto, Portugal (2014).

Vazquez, A. and Iglesias, G., “Device interactions in reducing the cost of tidal stream energy,” Energy Convers. Manage.
97, 428–438 (2015a.).

Vazquez, A. and Iglesias, G., “Public perceptions and externalities in tidal stream energy: A valuation for policy making,”
Ocean Coastal Manage. 105, 15–24 (2015b).

Veigas, M., Carballo, R., and Iglesias, G., “Wave and offshore wind energy on an island,” Energy Sustainable Dev. 22,
57–65 (2014).

Veigas, M. and Iglesias, G., “Wave and offshore wind potential for the island of Tenerife,” Energy Convers. Manage. 76,
738–745 (2013).

Veigas, M. and Iglesias, G., “Potentials of a hybrid offshore farm for the island of Fuerteventura,” Energy Convers.
Manage. 86, 300–308 (2014).

Veigas, M., Lopez, M., Romillo, P., Carballo, R., Castro, A., and Iglesias, G., “A proposed wave farm on the Galician
coast,” Energy Convers. Manage. 99, 102–111 (2015).

Verbruggen, A., Fischedick, M., Moomaw, W., Weir, T., Nada€ı, A., Nilsson, L. J., et al., “Renewable energy costs, poten-
tials, barriers: Conceptual issues,” Energy Policy 38, 850–861 (2010).

Vicinanza, D., Cappietti, L., Ferrante, V., and Contestabile, P., “Estimation of the wave energy in the Italian offshore,”
J. Coastal Res. SI 64, 613–617 (2011); available at http://www.ics2011.pl/artic/SP64_613-617_D.Vicinanza.pdf.

Vicinanza, D., Contestabile, P., and Ferrante V., “Wave energy potential in the north-west of Sardinia (Italy),” Renewable
Energy 50, 506–521 (2013).

Villate, J., “Ocean energy activities in Spain and vision of the OES,” In International Conference on Ocean Energy ICOE,
Dublin (2012).

WaveDragon Ltd., http://www.wavedragon.net/ for more information about the development of the Wave Dragon
technology.

Willis, M., Masters, I., Thomas, S., Gallie, R., Loman, J., Cook, A., et al., “Tidal turbine deployment in the Bristol
Channel: A case study,” Proc. ICE-Energy 163, 93–105 (2010).

061702-13 Vazquez, Astariz, and Iglesias J. Renewable Sustainable Energy 7, 061702 (2015)

http://dx.doi.org/10.1016/j.enconman.2015.03.044
http://dx.doi.org/10.1016/j.ocecoaman.2014.12.017
http://dx.doi.org/10.1016/j.esd.2013.11.004
http://dx.doi.org/10.1016/j.enconman.2013.08.020
http://dx.doi.org/10.1016/j.enconman.2014.05.032
http://dx.doi.org/10.1016/j.enconman.2014.05.032
http://dx.doi.org/10.1016/j.enconman.2015.04.033
http://dx.doi.org/10.1016/j.enpol.2009.10.036
http://www.ics2011.pl/artic/SP64_613-617_D.Vicinanza.pdf
http://dx.doi.org/10.1016/j.renene.2012.07.015
http://dx.doi.org/10.1016/j.renene.2012.07.015
http://www.wavedragon.net/
http://dx.doi.org/10.1680/ener.2010.163.3.93

	s1
	l
	n1
	s1A
	f1
	s2
	s2A
	s2B
	s2C
	f2
	t1
	s2D
	s3
	t2
	s3A
	f3
	f4
	s3B
	f5
	f6
	s4
	f7
	f8
	s5
	c1
	c2
	c3
	c4
	c5
	c6
	c6a
	c7
	c8
	c9
	c10
	c11
	c12
	c13
	c14
	c15
	c16
	c17
	c18
	c19
	c20
	c21
	c22
	c23
	c24
	c25
	c26
	c27
	c28
	c29
	c30
	c31
	c32
	c33
	c34
	c35
	c36
	c37
	c38
	c39
	c40
	c41
	c42
	c44
	c45
	c46
	c47
	c48
	c49
	c50
	c51
	c52
	c53
	c54
	c55
	c56
	c57
	c58
	c59
	c60
	c61
	c62
	c63
	c64
	c65
	c66
	c67
	c68
	c69
	c70
	c71
	c72
	c73
	c74
	c75
	c76
	c77

