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1. Key messages

· Offshore wind, wave and tidal energy activities are much more developed in the North-East Atlantic than in the other European marine regions; particularly offshore wind energy presents a strong growth over the recent years in the Baltic Sea as well; in the next decades, these trends are expected to continue and strengthen. On the other hand, in the North Mediterranean and the Black Sea, offshore renewable energy seems to develop less rapidly.

· Negative environmental impacts from offshore renewable energy activities are not expected to be heavy. 

· The Black Sea is probably on the verge of becoming in the future a major oil and gas producing marine region; environmental impacts from this development should be carefully examined.
· Offshore sand and gravel extraction activities are mainly observed in the Baltic Sea and in the North – East Atlantic; a rise is expected because of the increasing demand mostly in sand for beach nourishment; environmental impacts should be carefully examined.
· The North Sea Super-Grid and, more generally, the European offshore grids are acknowledged as central to achieving Europe’s goals of energy security and sustainability; their environmental impacts are not expected to be heavy. 

· Offshore installations may cause various impacts during the construction, operation and decommissioning phases; although impacts are usually meant to be negative, associated with various effects on seabed, biodiversity, landscape and human activities, some positive effects are also noticed like creation of new ecological habitat or increase of tourist interest. 

· Experience up to now shows that the negative impacts from offshore renewable energy activities may considerably decrease when impact studies and relevant rules are strictly fulfilled together with systematic monitoring. Such rules depend on the kind of the installation and may concern the distance from the shore, the specific characteristics of the respective technologies etc.
2. General introduction

Any installation or activity of resource extraction in the sea is potentially expected to cause various impacts on the environment and interactions with the socio-economic sectors. The impacts may be local or global, negative or positive and are depended on the kind, size, position of installations and the vulnerability of the area against various factors. Table 1 below presents an overview of the different kinds of resource extraction in coastal and marine areas as well as respective potential impacts. Many of the impacts are not easily recordable and may often be underestimated due to the difficulties in observing, measuring or estimating them in the middle of the sea. Relevant studies are providing indications on the most important impacts of the specific installations; a more systematic monitoring and registration of the relevant impact parameters by the countries or the international organizations would offer a better knowledge both on the state and on the appropriate common policy framework in Europe. One could say, for example, that in a sustainability perspective resource extraction activities with “no” in the “renewability” column of the Table 1 should be minimized.
	Kind of resource
	Product from marine resource
	Renewability of resource 
	Industrial treatment  of product
	Potential positive impacts (on global change)
	Potential  negative impacts

	Energy 
	Oil 
	No 
	Yes 
	No 
	High 

	
	Gas 
	No 
	Yes 
	No 
	Medium  

	
	Wind energy
	Yes 
	No 
	High  
	Low 

	
	Wave energy
	Yes 
	No 
	Medium 
	Low  

	
	Tidal energy
	Yes 
	No 
	Medium 
	Low  

	Organic products 
	Biofuel from aquaculture
	Yes 
	Yes 
	Medium 
	Medium 

	
	Fish from aquaculture
	Yes 
	No 
	No 
	Low   

	
	Plant biomass from natural eutrofication
	Yes 
	No 
	No 
	Low  

	
	Fish from fishing
	Yes 
	No 
	No 
	Medium 

	Non organic products
	Sand, gravel from marine aggregates
	No 
	No 
	No 
	Medium 

	
	Salt from sea saltworks
	Yes 
	Yes 
	No 
	Low  

	
	Freshwater from desalination 
	Yes 
	Yes 
	Low (on water resources)
	Low  


Table 1. Kinds of resource extraction in coastal and marine areas

3. Current status of European seas and activities

3.1. North – East Atlantic

3.1.1. Introduction

The part of the marine region of the North – East Atlantic related to coastal zones of the European Union member states is separated in 4 sub-regions: the Greater North Sea, the Celtic Sea, the Bay of Biscay and the Iberian Coast. Much of the coastal area in the North-East Atlantic is densely populated and highly industrialized; most activities and installations are in the maritime and coastal areas of the North Sea and the Bay of Biscay. Activities include industries, big ports, fishing, sand and gravel extraction, offshore renewable energy developments such as wind, wave and tidal energy activities etc; the exploration of oil and gas reserves is observed mainly in the North Sea (http://qsr2010.ospar.org).
The biological systems of the North Sea are rich and complex. Approximately 230 species of fishes inhabit the area; some 10 million seabirds are present at most time of the year; marine mammals occur regularly over large parts of the North Sea. (http://www.ospar.org 

 HYPERLINK "http://www.ospar.org/content/content.asp?menu=00470212000000_000000_000000"
).
In the Celtic Sea the large range of habitats in the region supports a diverse fish fauna. The region has a large number of areas attractive to seabirds and waterfowl. The common or harbor seal and the grey seal are widely distributed throughout the region. The waters around Ireland and to the west of Scotland support a variety of cetaceans. (http://www.ospar.org/ 

 HYPERLINK "http://www.ospar.org/content/content.asp?menu=00480213000000_000000_000000"
).
In the Biscay and Iberian Sea the ecosystems are rich, supporting an abundant fish fauna and presenting a particular importance for migratory birds. About 700 species of fish are present in the Biscay and Iberian Sea; the majority is species living near the bottom of the sea with limited geographical range, unless they are deep-water species. A large variety of marine mammals, both boreal and temperate, have been reported in the region, including 30 species of cetaceans and 7 species of seals (http://www.ospar.org 

 HYPERLINK "http://www.ospar.org/content/content.asp?menu=00490214000000_000000_000000"
).
Eutrophication appears in more than 100 areas of the North-East Atlantic, mainly in some coastal zones, embayments and estuarine areas. For example, there has been a considerable increase in phytoplankton biomass over the last decade in certain regions of the North-East Atlantic, particularly over the winter months. Increased phytoplankton biomass may be an indicator of eutrophication. However, similar patterns of change have been found in both coastal and offshore waters; particularly, a significant increase in phytoplankton biomass has been found in both heavily anthropogenically-impacted coastal waters and the comparatively less-affected open North Sea despite significantly decreasing trends in nutrient concentrations. The increase in biomass appears to be linked to warmer temperatures and to the fact that the waters are also becoming clearer (i.e., less turbid), thereby allowing the normally light-limited coastal phytoplankton to more effectively utilise lower concentrations of nutrients. These results indicate that, in some cases, climatic variability and water transparency may be more important than nutrient concentrations to phytoplankton production (http://www.sahfos.ac.uk).
3.1.2. Previous and Present Activities

3.1.2.1. Wind Energy 

In the North-East Atlantic Ocean the interest in wind farms is much more intense than in other marine regions of Europe, mainly due to the higher wind capacity available but also to favorable economic situations and social attitudes. 

The highest average wind speed (>=9m/s) is observed in the Celtic Sea, west of Ireland and UK; in the other parts of the Celtic Sea and in the North Sea the average wind speed is about 8-9m/s; in the Irish Sea, the English Channel and in the Bay of Biscay is about 6-7m/s (http://ec.europa.eu). The data set covers locations situated 50 to 100 km away from the shoreline of EU-25 (http://www.eea.europa.eu).

In the North – East Atlantic there are 35 generating power wind farms; 14 of them are in UK with 1931.6 MW total power, 11 are in Denmark with 500.18 MW , 3 in Germany with 69.5 MW, 4 in Netherlands with 246.8 MW, 2 in Belgium with 195 MW and 1 in Ireland with 25.2 MW (http://www.4coffshore.com).

3.1.2.2. Wave Energy
The largest wave energy potential in the world is encountered in the Atlantic Ocean and in the Pacific Ocean (middle latitudes); the energy density diminishes close to the land since the waves are hindered by islands and mainland. 
In the North-East Atlantic Ocean the interest in projects capturing the wave energy is much more intense than in other marine regions of Europe mainly due to the higher wave capacity available. Specifically, the highest wave (>=3m) is observed in the Celtic sea, west of Ireland and UK, and in the Bay of Biscay offshore of Spain (Corana); in other parts of these sub-regions the wave height is 2-3m, in the North Sea is mostly 1.5-2 m and in the Irish Sea 1-1.5m (http://ec.europa.eu ). 

The most important wave energy activities are situated in Scotland, Denmark, Ireland, Norway and Spain; some of them are more significant in terms of size and effects while others are smaller or still in the planning or development stage. Some progress is also recently observed in Belgium (http://www.tomorrowisgreener.com). The highest percentage is concentrated in Scotland with some installations like the Oyster 800 (3 devices) at 0.8MW and planned to be at 2.4MW on 2013. (http://www.aquamarinepower.com, http://www.aquamarinepower.com 

 HYPERLINK "http://www.aquamarinepower.com/blog/oyster-800-installation/"
). Moreover there are the Pelamis 750 and the Limpet 500 in Scotland and in Hatshol of Denmark respectively (http://www.emec.org.uk, http://www.thew2o.net),  http://www.wavec.org) . 

At present (2011), only Denmark, UK (Scotland) and Spain (Mutriku OWC) have connected their prototypes to their national grid (http://sowfia.eu). The first commercial scale wave energy plant Limpet 500 was commissioned for the Isle of Islay (Scotland) in 2000 and has been operating steadily for over a decade, providing a reliable source of electricity to the Isle of Islay (http://guides.wikinut.com). 

Table 2. Some significant Wave Power projects in the North East Atlantic Ocean

	Country
	Installation / Project
	Operating / Under construction
	Planned

	Spain
	Santoña project
	 0.04 MW (2005)
	1.4 MW (not estimated)

	
	Calma
	
	50 MW (not estimated)

	
	Pasajes
	
	0.5 MW (not estimated)

	
	Galicia
	
	No data available

	
	La Guardia(Galicia)
	
	No data available

	
	Mutriku OWC (Basque Country)
	0.3 MW (2011)
	

	
	Wedge Project (Cantabrian sea)
	             
	2012

	
	WelcomE Project (Canary Islands)
	
	Depends on weather conditions

	
	Βimep (Biscay)
	
	20 MW (not estimated)

	Denmark
	Nissum Bredning(first in the world)
	0.02 MW (2003) 
	

	
	Hanstholm
	0.5 MW (2009) 
	

	Scotland
	Limpet 500
	0.5 MW (2000)         
	

	
	EMEC(test)
	              (2003) 
	

	
	Pelamis 750
	0.75     (2004)
	

	
	Oyster 800 (3 devices)
	0.8 MW (2011)
	1.6 MW (2013)

	Norway
	Kvitsoy Pilot Project (Stavanger)
	0.15 MW (2007)
	Cancelled before construction

	Ireland
	Ocean Energy Test Site
	               (2006)
	


(http://www.oceanpowertechnologies.com), http://www.renovablesmadeinspain.es,  http://www.wavec.org, http://www.power-technology.com

 HYPERLINK ",  " 
,  

 HYPERLINK "http://www.wavec.org" http://www.wavec.org,   http://www.plocan.eu

 HYPERLINK ", " 
, 

 HYPERLINK "http://ec.europa.eu, " http://ec.europa.eu, 

 HYPERLINK "http://www.wavedragon.net" http://www.wavedragon.net,   http://www.thew2o.net, 

 HYPERLINK "http://www.emec.org.uk" http://www.emec.org.uk

 HYPERLINK ",  " 
,  

 HYPERLINK "http://www.aquamarinepower.com, " http://www.aquamarinepower.com,  http://vbn.aau.dk,  http://www.marine.ie)
3.1.2.3. Tidal Energy 

The interest in projects capturing the tidal energy is much more intense in the North-East Atlantic than in other marine regions of Europe, due to the extended width and power of tides available in this sea (http://www.tidalenergy.eu/).

The highest mean tidal amplitude (>=1.9m) is observed in the English channel and in the Irish sea; the Celtic Sea and the Bay of Biscay have a 0.9-1.9m  mean tidal amplitude; in the West side of North Sea (UK) the mean tidal amplitude is higher (0.9-1.3m) than in the South side (Netherlands) which is 0.3-0.9m. (http://ec.europa.eu).

The highest number of tidal energy installations occurs in UK, followed by France, Ireland and Norway; in UK (England) there is the SeaFlow (0.3MW) and the Pulse Stream 100 (0.15MW) (http://www.bwea.com), while a number of lower power devices are also installed such as TGL (0.5 MW) and Atlantis Resources Corporation (1MW); additionally the Pentland Firth region (Scotland) is knowing a great development (http://www.tidalgeneration.co.uk, http://www.atlantisresourcescorporation.com). In France although the number of devices is not big there is since 1966 the La Rance of 240 MW. (http://www.darvill.clara.net, http://www.openhydro.com). In Ireland there is the Seagen  (1.2 MW) and in Norway the Hammerfest Strom company installed a 0.3 MW tidal turbine generator. (http://www.needs-project.org, http://social.tidaltoday.com). All these countries have managed up to now to connect at least one of their projects to their national grid. 

Table 3. Some significant Tidal Power projects in the North East Atlantic Ocean

	Country
	Installation / Project
	Operating / Under construction
	Planned

	England
	SeaFlow project (North Devon Coast)
	0.3 MW (2003)
	Decommissioned

	
	Pulse Stream 100  (Immingham)
	0.15 MW (2009)
	

	Scotland
	Open Hydro 

(Pentland Firth)
	
	200 MW (2010)

	
	Hammerfest Strom UK Ltd (HS1000 technology, Islay site)
	2013
	10 MW (2011)

	
	Hammerfest Strom UK Ltd (HS1000 technology, Duncansby Head )
	
	95 MW(2011)

	
	TGL (Orkney)
	0.5 MW (2010)
	

	
	Atlantis Resources Corporation (Orkney)
	1 MW (2010)
	

	Ireland
	 Marine Current Turbines (Strangford Lough)
	1.2 MW (2008)       
	

	France
	La Rance
	240 MW (1966)
	

	
	French utility company EDF (coast of Paimpol-Bréhat)
	2012
	<2 MW (2008)

	Norway
	Hammerfest Strom (Kvalsund)
	0.3 MW (2003)
	Decommissioned (2009)


(http://www.bwea.com, http://www.openhydro.com

 HYPERLINK " , " 
 , http://www.tidalgeneration.co.uk/

 HYPERLINK "http://www.bwea.com/marine/devices.html"
,  http://www.atlantisresourcescorporation.com,
http://www.needs-project.org,  http://www.darvill.clara.net, http://www.openhydro.com, http://social.tidaltoday.com).
3.1.2.4. Sand and gravel extraction

Each year across the OSPAR area (North-East Atlantic including Arctic waters and wider Atlantic ocean), around 50 – 60 million m3 of marine mineral deposits are extracted from the seabed for the construction industry or for beach nourishment. Gravel and sand are the principal materials extracted. In some countries non aggregate marine mineral resources such as maerl (Coralline red algae) are also exploited.  

The type and quantity of aggregate dredged in the OSPAR area varies according to location and end-use requirement. By its very nature, dredging is a shallow water coastal activity, thus is most prevalent in North and Celtic Sea, to a slightly lesser extent in Bay of Biscay and Iberian coast. The Netherlands is the biggest producer by volume while the United Kingdom, France and Denmark are the next three biggest producers. The volume of sand and gravel extracted in North Sea is estimated at approximately 80% of the overall volume extracted throughout the OSPAR area. The following map (Figure 1) shows the extraction sites for sand and gravel in the OSPAR maritime area and the volumes extracted in 2007. (http://qsr2010.ospar.org).
[image: image3.emf]
Figure 1. Extraction sites for sand, gravel and maerl in the OSPAR maritime area and volumes extracted in 2007. (Source ICES(2008) (volume))

(http://qsr2010.ospar.org/media/assessments/p00434_Sand_and_Gravel_Summary_Assessment.pdf)
3.1.2.5. Oil and gas activities
The oil and gas activity in Europe is mainly concentrated in the area of North-East Atlantic. Most of the European offshore platforms (167 installations) and about 30 oil refineries are situated there. The OSPAR Convention signatory countries are major consumers of oil and consequently large volumes of both crude oil and refined products are transported within this region. A major proportion of crude oil is imported via the Mediterranean and Africa past the coasts of Portugal, Spain and France. Whilst a proportion of this traffic supplies the domestic refineries of these three countries, notably Sines, Vizcaya, Lorient and Le Havre, laden tankers pass through the English Channel bound for the major oil refineries and terminals of Rotterdam, Northern Germany and the Baltic countries. The tankers pass well off the French and Iberian coasts but do come close to land at Cape Finistere, North West Spain and Ushant, France. Indeed, there have been a number of major oil spills in these areas, mainly due to groundings.

3.2. Mediterranean Sea

3.2.1. Introduction

The Mediterranean Sea is an area of great economic and cultural heritage. It is surrounded by 21 countries and territories in 3 geographic regions. It covers approximately 2.5 million km2, stretching some 3,800km from east to west and as much as 900km from north to south. The great physical diversity of the Mediterranean is partly reflected in the great number of smaller seas that it contains, including the Adriatic Sea, Aegean Sea, the Balearic Sea, the Ionian Sea, the Ligurian Sea, and the Tyrrhenian Sea. 

The Mediterranean is a big semi-closed sea with a generally oligotrophic character and very low tide; with the exception of specific areas, it contains low concentrations of nutrients (N, P, Si) and limited seasonal presence of phytoplanktic or phytobenthic organisms; anoxic conditions are rare near the bottom and very rare in the water mass. This ecological state is partly related to the hydrological character of Mediterranean as a condensation basin, because the total input of fresh water from rivers into the sea is lower than the total water evaporation; the water deficit is covered by input of sea water from the Atlantic Ocean. 

The Mediterranean is one of the world’s 25 hot spots for biodiversity. Whilst constituting a mere 0.8% of the world’s ocean area and 0.3% of its volume, it is home to 7 to 8% of all known marine species (according to the groups considered). The highest diversity for all taxonomic groups is found to be in the western basin. 

A number of activities such as industry, maritime transport, fisheries, agriculture, aquaculture, tourism etc. have been established and rapidly developed along the Mediterranean coastline. The Mediterranean area holds a significant potential of renewable energy, particularly solar and wind; the production has been rising over the past few years. Furthermore, the Mediterranean region holds 5% of the world oil and gas reserves, concentrated at 98% in the southern Mediterranean countries (Africa). 

(http://195.97.36.231/acrobatfiles/MAPDocAcrobatfiles/SoED2009_Eng.pdf

 HYPERLINK "http://195.97.36.231/acrobatfiles/MAPDocAcrobatfiles/SoED2009_Eng.pdf"
 ).
With its long history of intensive use, the Mediterranean is subject to degradation from increasing coastal zone development, chronic pollution from agricultural and industrial run-off and illegal discharges at-sea. Examples of the general problems include eutrophication, red tides, introduction of foreign species, urbanization, loss of water clarity and the failure of traditional fisheries.

3.2.2. Previous and Present Activities

3.2.2.1. Wind Energy 

Τhe interest in wind farms in the Mediterranean Sea is currently increasing. However there is a delay of renewable energy development, if compared to the North-East Atlantic, mainly due to the high investment cost for turbines, foundations, connections to the electrical grid etc, varying significantly between different countries, but also to social acceptance problems (http://www.energy.eu). 

The average wind speed is at a rather 'middle' level in the Mediterranean Sea. http://ec.europa.euThe highest average wind speed (7-9m/s) is observed in the Western basin, east of France and in the Aegean Sea, east of Greece; in other parts of the Mediterranean Sea it is about 6-7m/s. The lowest average wind speed (<6m/s) is in the Balearic, the Adriatic, the Tyrrhenian and the North Aegean Sea (). 

In the Mediterranean Sea there are not fully commissioned off shore wind farms. However some off shore wind farms are already authorized and others are in the stage of early planning or application submitting (http://www.4coffshore.com).  
3.2.2.2. Wave Energy 

The average wave height is lower compared to the one of the North – East Atlantic. The lowest average wave (<1m) is observed in the Alboran, the Balearic, the Tyrrhenian, the Adriatic, the Ionian and the Aegean Sea. In other parts of the Mediterranean Sea the average wave height is 1-1.5m (http://ec.europa.eu).
In the Mediterranean Sea there are not operational wave power developments, yet. The wave energy installations need quite enough investigation in order to be economically feasible. This is a complicate task with high costs depending on the wave resources, the technology available and the grid connection (http://www.renewable.no). Many projects are well underway, with most outstanding ones in Spain, Malta and Cyprus. In Spain there is the prototype of Abencis Seapower and in Malta the scale model of Dexawave's converter (http://www.wavec.org, http://www.offshorewind.biz, http://sowfia.eu)

 HYPERLINK "http://www.wavec.org/client/files/2010_Annual_Report.pdf"
 . The developments are mainly on a demonstration phase of single units or some of the deployments are short duration testing programs; a few prototypes are initiating the first steps towards the commercialization phase (http://www.iea-oceans.org). Nevertheless, these projects may prove existing possibilities for an expansion of wave power developments in the Mediterranean Sea.

3.2.2.3. Tidal Energy 

In the Mediterranean Sea the tidal amplitude is close to zero (<0.3m)  (http://ec.europa.eu), therefore no significant developments exist. An exception is in Italy which has the only operational tidal power development (Kobold). In 2002 a prototype (25kW) was deployed in the Strait of Messina and it is connected to the electrical grid. (http://www.wavec.org).

3.2.2.4. Sand and gravel extraction

Τhere is not a systematic registry of sand and gravel production in the Mediterranean. However it seems that in the North Mediterranean countries most of this material is still produced from land open-quarries, river channels and terraces, because of the lower production cost.
In Spain, the sand and gravel production is allowed only for beach replenishment. The average annual production is about 1 million m3, but there are significant inter-annual fluctuations in response to beach replenishment needs. Extraction takes place both in the Mediterranean and in the Atlantic continental inner shelves, presently concentrated offshore the southern Spanish coastline (www.vliz.be). In Italy, production from marine aggregates has attracted more attention, due to the discovery of significant reserves offshore of the coasts of Lazio and Emilia Romagna. In Anzio, dredging activities are carried out since 1999. In Greece since the 1990 stricter environmental regulations have resulted in terminating most of the coastal extraction; sand and gravel production has since then been concentrated mainly inshore and offshore in the coasts of Trikeri (North Evoikos Gulf). Although, there is no readily available information on annual extraction volumes, a range of hundreds of thousands of m3 rather than millions seems more probable. 

3.2.2.5. Oil and gas activities

There are 28 active refineries in the coastal zones (less than 15km away from shore) and about 12 offshore installations in the northern Mediterranean Sea. Although accidental oil spills are not among the chief contributors to the deteriorating state of the sea, they do pose a continued risk of acute pollution. The HAVEN and IRENES SERENADE incidents rank among the ten largest spills recorded world-wide. Given its location, natural resources, and high population density, all the activities that are generally associated with oil pollution risk can be found in the Mediterranean. These include the exploration and production of oil and gas, the movement of oil from offshore wells to shore (by ships or sub-sea pipelines), the transportation within and through the region of crude oils, the regional shipment of refined products and residual oils, as well as large-scale commercial and passenger shipping. In the northern Mediterranean countries, offshore oil and gas reserves are located along Adriatic coast and in the northern Aegean Sea. 

3.3. Baltic Sea
3.3.1.Introduction
The Baltic Sea is a shallow semi-closed sea (average depth 55 m, maximum 459 m) with very low tide and a slow water exchange rate with the Atlantic Ocean; it is a dilution basin and one of the world’s largest bodies of brackish water. Due to its special geographical, climatological and oceanographic characteristics, the marine and coastal ecosystems of the Baltic Sea are highly sensitive to the environmental impacts of human activities in its catchment area. Increased human activities on this sea lead to growing competition over limited space and resources. Fisheries and shipping are common activities, but the Baltic Sea also offers resources for many more activities including energy generation and transmission, oil and gas transportation, resource extraction, tourism and recreation. It is also acting as a repository for excess nutrients and other substances from agriculture, industry and other inshore human activities. 

The Baltic Sea remains one of the most threatened marine ecosystems on the planet. (WWF, Baltic Ecoregion Programme, Future Trends in the Baltic Sea, 2010). Eutrophication with yearly algae blooms and dead zones, overfishing, pollution by hazardous substances and loss of biodiversity are still major threats to the Baltic Sea. The four main areas of concern defined by Helsinki Commission (HELCOM) are eutrophication, hazardous substances, maritime shipping, loss of biodiversity and habitats (http://www.helcom.fi).
3.3.2. Previous and Present Activities

3.3.2.1. Wind Energy

In the Baltic Sea the lowest average wind speed (6-7m/s) is observed in the Gulf of Bothnia. In the other parts of the Baltic Sea the wind speed is higher, 7-8m/s. (http://ec.europa.eu, http://www.eea.europa.eu).

The offshore wind energy sector has experienced strong growth over the recent years. In the last decade the trend has been visible in all Baltic Sea countries, with somewhat higher frequency in Denmark and Germany and a lower frequency in Latvia, Lithuania and Russia. Sweden has 4 off shore wind farms namely the Bockstigen, Lillgrund, Utgrunden I and Yttre Stengrund with total capacity 134MW, Finland has 3 which are the Kemi, Ajos I & II and Pori 1 with total capacity 32MW, Germany has 2 wind farms, the Breitling and the EnBW Baltic 1 wind farm with total capacity 51 MW and Denmark has 2 wind farms, the Nysted and Rodsand 2 with total capacity 373MW. The total capacity from all wind farms in Baltic Sea is 590 MW.

 (http://www.4coffshore.com).

3.3.2.2. Wave Energy

Because of the low wave power potential (wave height is mainly 1-1.5m), no wave energy devices have been developed or are planned in the Baltic Sea. 
(http://ec.europa.eu, http://www.eea.europa.eu)

3.3.2.3. Tidal Energy

The tidal amplitude is close to zero (<0.3m) in the Baltic Sea; given this low potential, there are no tidal energy developments. (http://ec.europa.eu).

3.3.2.4. Sand and gravel extraction
Most of the sand and gravel aggregates are used for beach recharge; they are also used for land filling, road construction and construction in ports and other coastal areas. Probably the largest known resource of sand and gravel in the Baltic Sea is the NE – SW elongated shoal “Rønne Bank – Adler Ground”, with a potential volume of 1.5 billion m³ of sand and gravel, of which 2 million m³ are located in Danish waters. This shoal extends 60 km from the Bornholm coast, into German territorial waters. Extraction is carried out there to support the Danish, Swedish and German market; in recent years the exploitation has been stable or decreased slightly.
The total annual extraction in Denmark is 1.5 to 2 million m³, depending on local and international demand. In Germany, it is still on-going but has decreased recently from 700,000m³/year (1999) to 250,000m³/year (2004); no new licenses have been granted recently. In Estonia, extraction of sand and gravel takes place primarily in the Gulf of Finland; in 2003 and 2004, 4.3 million m³ of sand and gravel were dredged from three different areas. In Finland sand and gravel extraction from Finnish coastal areas was negligible until 2004; the harbor of Helsinki and the Forest and Park Service have permission to extract 11 million m³ of marine aggregate off Helsinki until 2011; extraction commenced in 2004, with a total of 1.6 million m³ dredged, and continued in 2005 with 2.388 million m³. In Poland marine aggregates have been extracted for many years, primarily for beach recharge; in 2004, the fine- and medium-grained sand extracted from the Polish sector of the Baltic Sea (~0.8 million m³) was used mostly in beach replenishment and coastal defense schemes; minor quantities of sand and gravel for construction have also been produced from a few areas. Also, dredging activities take place in Latvia (6 installations) and Lithuania (1 installation). In Sweden no marine aggregates have been dredged since 1993 (http://qsr2010. ospar.org, http://maps.helcom.fi), 

 HYPERLINK "http://cat.inist.fr" http://cat.inist.fr), www.ices.dk, www.vliz.be, http://maps.helcom.fi, www.vliz.be).
3.3.2.5. Oil and gas activities

There are only a small number (about 10) of refineries and very limited offshore oil and gas activities in the Baltic Sea so far. Nevertheless, there are important oil movements by tankers and pipelines. 
3.4. Black Sea

3.4.1.Introduction 
With a surface area of 420,000 km2, the Black Sea is one of the world’s largest inland marine environments. It is a deep semi-closed sea (average depth 1,300m, maximum depth 2,245m) with very low tide; the water exchange with the Mediterranean Sea through the strait of Bosporus is an extremely slow process, the full cycle taking hundreds of years. The ecological state is partly related to the hydrological character of the Black Sea as a dilution basin, because the total input of fresh water from rivers into the sea is higher than the total water evaporation; the water surplus is going out to the Mediterranean Sea. Due to past geological events and the special physical conditions (deep dilution basin, high degree of isolation from the world ocean), the 90% of its water volume is anoxic. Marine life is absent at depths beyond 150–200m, with the exception of a few anaerobic bacteria. Hydrogen sulphide is present in the entire lower layer of the Black Sea, which makes it the largest anoxic water basin in the world.
The structure of marine ecosystems differs from that of the neighboring Mediterranean Sea because species variety is lower and the dominant groups are different. Living organisms are mainly concentrated in the shallow waters of the continental shelf (about 25% of the sea surface) and in river mouths along the north western coast. The surface waters to a depth of 50 meters are fed by rivers that are naturally rich in nutrients, producing a low salinity environment that has been traditionally rich in fish and other species. Fish is an important biological resource of the Black Sea which is known, for example, for its anchovies and its sturgeon. However fishing is not sustainable and the fish stocks are decreasing; in 1960, there were about 26 commercial fish species in the Black Sea, actually they have been limited to five or six. The marine mammals in the Black Sea are represented by dolphins. There are many important bird areas all along the Black Sea coast, with many breeding and wintering sites for waterfowl and raptors.

Coastal development, river diversion, over-exploitation of resources, pollution from agricultural, domestic and industrial sources, introduction of alien species have led to a marked degradation in the quality of the marine environment and loss of biodiversity. Some of the most significant effects have been the change in species composition and the collapse of certain commercial fish stocks, especially since the late 1980s. Recent studies have identified human-induced eutrophication as the most significant long term environmental problem especially in the coastal areas.
The Black Sea is not a major production area for oil yet but its role in the transport of oil and gas from Russia and western Asia to Europe is important.
(http://www.worldatlas.com), (http://www.blackseascene.net, http://www.blackseascene.net, http://www.eea.europa.eu. 
3.4.2.Previous and present activities

3.4.2.1. Wind Energy

In the Black Sea the interest in wind farms is less intense comparing to North – East Atlantic mainly due to the low wind capacity available and the high investment costs.

Specifically, the highest wind speed values are noted in the northern part of the Black Sea with the exception of the southeastern coasts of the Crimean Peninsula. The lowest values are observed in the southeastern part of the sea. On average the mean annual wind speed over the sea increases from south to north being about 4-6m/s.

(http://books.google.gr).

In Black Sea there are not any wind farms fully commissioned. In Romania, only the Blackstone project (500 MW) has been authorized (http://www.4coffshore.com). 
3.4.2.2. Wave Energy

There is not any development of wave energy activities in the Black Sea. The wind and wave regime of this sea is poorly studied, since there were virtually no regular instrumental observations of waves in the open part of the sea. The principal characteristics of the waves have been estimated only by models. Depending on the wind speed and wave vector distance, wave heights of 1-3m should dominate in the Black Sea. In open sea regions, the maximum wave heights may reach 7m; during strong storms they may be even higher. The regime of strong waves during storms create important difficulties to practical activities in the sea and on the coasts such as  damage to coastal infrastructure and accidents of installations for oil and gas prospecting and production. (http://books.google.gr).
3.4.2.3. Tidal Energy 

Amplitudes of the Black Sea tides are very small: in the center of the west and east coast they are about 0,09m, and in the center of the north coast (Crimea) they are about 0,02-0,03 cm (http://www.jstor.org). Given this very low tidal power potential, no tidal energy devices have been developed in the Black Sea.

3.4.2.4. Sand and gravel extraction 

Some activities related to sand and gravel extraction are observed in Russia and Turkey. In summer of 2011 Rohr Dredge announced starting up its first gantry clamshell dredge in Sochi of Russia, which will supply material for the construction of the infrastructure for the 2014 International Games. In Turkey the official position is that the ground is rich enough in limestone and calcareous resources; therefore it is more profitable to supply the need for sand and gravel from land resources rather than extracting it from the seabed. However sand manufacturers in Istanbul claim that the yearly average demand for construction sand in Istanbul is approximately 10 million tons; legally permitted areas for marine sand extraction can meet only 60% of the total demand on the Western coast and only 40% on the Eastern coast of Istanbul. Currently, the only permitted area in Istanbul for marine sand extraction is the Podima region, on the Black Sea coast, approximately 2 km offshore and 50 km west of the Straight of Istanbul. On the other hand, sand is also produced either from illegal sources or through nearshore coal mining operations by extracting the sandy upper layer of the sea bottom through suction pumps. Surface mining is a type of mining in which soil and rock overlying the mineral deposit (the overburden), are removed. Overburden is deposited near the extraction site; a part of it may be used as construction material. In Agacli – Akpinar region on the Black Sea coast, it is reported that part of the sand extracted from nearshore coal mines is deposited on the beach causing an ecologic threat to the coastal environment (http://www.ce.boun.edu.tr, http://www.rohrdredge.com).

3.4.2.5. Oil and gas activities

The Black Sea is not a major production area for oil up to now; there are 13 offshore platforms and 5 coastal refineries. On the other hand, the role of the Black Sea in the transport of oil and gas from Russia and western Asia to Europe is major.
(http://www.worldatlas.com), (http://www.blackseascene.net, http://www.blackseascene.net, http://www.eea.europa.eu.
4. Pressures and impacts

4.1. General 

In this section there have been examined (Table 4) potential environmental impacts on European coastal and marine zones from renewable energy resources (wind, wave, tide), from undersea electricity networks, from sand and gravel extraction and from oil and gas drillings. The impact assessment focuses on the 11 qualitative descriptors of the marine waters’ good environmental status (Clubb 2011), according to the European Marine Strategy Framework Directive (2008/56/EC). Moreover, potential negative impacts on landscape (or seascape), both from environmental and economic point of view, on sensitive coastal economic activities like tourism and on shipping/maritime transport are presented in the Table 4. 
	Qualitative descriptors and  socioeconomic parameters
	Wind energy
	Wave energy
	Tidal energy
	Oil extraction
	Gas  extraction
	Sand/gravel extraction 
	Undersea  grid connections

	 Biological diversity
	Low 
	Low 
	Low 
	High 
	No  
	Medium  
	No 

	Non-indigenous species
	No 
	No 
	No 
	No 
	No 
	No 
	No 

	Commercially exploited fish and shellfish
	No 
	Low 
	Low 
	High 
	No  
	Medium 
	No 

	Marine food webs

	No 
	No 
	No 
	High 
	No  
	Medium 
	No 

	Eutrophication

 
	No 
	No 
	No 
	No 
	No 
	No 
	No 

	Sea-floor integrity
	Low 
	Low 
	Low 
	Low 
	Low 
	High 
	Low 

	Alteration of hydrographical conditions
	Low 
	Medium 
	Medium
	Low 
	Low 
	Medium 
	Low

	Contaminants

 
	No 
	No 
	No 
	High 
	No  
	No 
	No 

	Seafood for human consumption
	No 
	No 
	No 
	High 
	No  
	Medium  
	No 

	Marine litter


	No 
	No 
	No 
	High 
	No  
	High 
	No 

	Energy, including underwater noise
	No 
	Medium 
	Low  
	No 
	No 
	Medium 
	Medium 

	Tourism 


	Low (may be positive)
	Low (may be positive)
	Low (may be positive)
	High 
	Medium  
	High 
	No 

	Coastal landscape


	Medium 
	Low 
	Low 
	Medium 
	Medium 
	High 
	No 

	Shipping/ maritime   transport
	Low  
	No 
	No 
	Medium 
	Medium 
	No 
	No 


Table 4. Potential negative impact from renewable energy, oil, gas, sand and gravel production and electricity networks in coastal and marine areas on the 11 qualitative descriptors of the marine waters’ good environmental status (European Directive 2008/56/EC) as well as on 3 socioeconomic parameters.

Renewable energy offshore installations may have (Table 5) locally negative but also some positive impacts related to their construction, operation and decommissioning phases.
	Infrastructure
	Phase
	Seabed morphology
	Hydrographical conditions
	Biodiversity (birds)
	Biodiversity (other)
	Resuspension of sediments
	Radiation, underwater noise  
	Tourism
	Sea users conflict

(navigation, fishing etc)
	Coastal landscape

	Wind energy
	Construction 
	 Medium 1
	Low
	Medium2
	Medium3
	Medium5
	Medium6
	Low 
	Medium10
	Low

	
	Operation   
	 Low
	Low 
	 Low2
	Low4
	X 
	Low8
	Medium9
	Low 
	Medium9

	
	Decommissioning 
	 Medium1
	Low
	 Low 
	Medium3
	High5
	 High6 
	Low  
	Medium10
	 Low

	Wave energy

 
	Construction   
	 Medium1
	Medium12
	 X
	Low
	Medium5
	Medium6
	X
	Medium10
	 Low

	
	Operation   
	 Low 
	Medium13
	 X
	Low
	Low 
	Medium6,8
	Low 11
	Low
	Medium11

	
	Decommissioning 
	 Medium1
	Low 
	X
	Low
	Medium5
	Medium6
	X
	Medium10
	Low

	Tidal energy 

 
	Construction   
	 Medium1
	 Medium 12
	 X
	Low
	Medium5
	Medium6
	X
	Low16
	 Low

	
	Operation   
	 Medium15
	 Medium 13
	 X
	Medium4
	Low 
	Medium6 


	Low 14
	Low16
	Medium11

	
	Decommissioning
	 Medium1
	 Low 
	 X
	 Low
	Medium5
	Medium6
	X
	Low16
	Low

	Undersea  grid connections
	Construction   
	 Low 
	 Low
	X
	 Low 
	Low 
	Low 


	X
	Low 
	 X

	
	Operation 
	Medium14
	Medium7
	X
	Medium 8
	Low14
	Medium8 
	X
	Low  
	 X

	
	Decommissioning 
	 Low 
	 X
	X
	 Low 
	Low 
	 Low 
	X
	Low
	 X


Table 5. Impacts from offshore renewable energy infrastructure on the marine environment (NTUA 2010). 

Assessment (in the boxes): Low, Medium, High, X (no impact)
Comments:
1. Transportation of sediments / interaction with the flow.
2. Collisions’ direct effect on bird populations, airborne noise.
3. Benthic organisms, direct loss of habitat from removal of sediments.
4. New habitat (positive effect).
5. Increase of the turbidity and change of the sediment characteristics.
6. Acoustic systems of marine mammals and fish

7. Local vertical flow separation

8. Electromagnetic fields from cables, effects on electrosensitive and magnetosensitive species
9. Visual impact (positive or negative)

10. Shipping routes, fishing areas, other activities such as military areas, airports

11. Changes in current conditions and erosion and deposition of material

12. Changes on the wave regime/ tidal regime

13. Loss of wave energy/ tidal energy

14. Scour development from cables laid upon the seabed

15. Formation of eddies in the wake of tidal devices

16. Usually no shipping lines or fishing activity (because of the high energy locations)

4.2. Wind energy

Increasing power of the wind farms does not always result in heavier impacts; for example, higher and fewer wind turbines producing more power may probably have less negative impact on migrating birds than a greater number of lower turbines.
In some areas of the North-East Atlantic there are big offshore wind energy projects resulting in potential pressures on the environment. For example in the Belgian area of North Sea, a number of offshore wind farms are already operating, namely the Thornton Bank phase I (30MW) and the Belwind Phase 1 (165MW); a new one, the Thornton Bank phase II (148MW) is constructed; the Thornton Bank phase III (148MW), the Eldepasco (216MW) and the Belwind Phase 2 (165MW) are already consent authorized and four others are in the stage of early planning. An early environmental impact assessment prepared by the Royal Belgian Institute of Natural Sciences on the already installed wind farms considers local alterations in sea-bed morphology due to direct or indirect consequence of the construction activities and alterations of the local biota as a consequence of the introduction of hard substratum; it also considers potential positive impacts like the creation of a new habitat type in a naturally soft sediment environment. Additionally, in order to prevent major negative impacts from the planned wind farms, there has been imposed that the environmental permit should include a monitoring program to ensure (1) the ability to mitigate or even halt the activities in case of extreme damage to the marine ecosystem and (2) an understanding of the processes behind the impacts that should lead to more generic results in order to support policy, management and design of future offshore wind farms.   (http://www.mumm.ac.be).  

The Netherlands Exclusive Economic Zone of the North Sea is another example of high potential pressures. The Princess Amalia offshore wind farm, operated in 2008, is located in block Q7 of the Dutch Continental Shelf at a distance of 23 km from the shore where the water is 19 to 24 m deep. This makes the Princess Amalia Wind Farm the first offshore wind farm to be constructed in so deep waters and at such a distance from the shore (beyond the 12-mile limit). This distance and depth were chosen in order to reduce the visual effect from the coast as well as the impact on migrating birds. In 2004 new developments started to be planned; six offshore wind farms namely the P12-WP (120 MW), Q4-WP (120 MW), Rijnveld Oost (135 MW), Rijnveld Noord (81 MW), Rijnveld West (123 MW) and Brown Ridge Oost (282 MW) are in the submitting stage. Following the specified requirements for the respective permission, the impacts to be considered are the noise produced during the construction and operation of the wind farms as well as the impact on the marine ecosystem and on the birds.  (http://www.e-connection.nl

 HYPERLINK ",  " 
,  

 HYPERLINK "http://www.q7wind.nl" http://www.q7wind.nl).

In the Mediterranean Sea there are not fully commissioned off shore wind farms, but there are some that are already authorized and others in the stage of early planning or application submitting (http://www.4coffshore.com). Τhe delay is related to the generally  'middle' wind speed in the Mediterranean Sea as well as to the high investment costs which depend on factors varying significantly between the different countries (http://www.energy.eu). However, the interest is currently increasing. Environmental impacts from future off shore wind farms development in the European part of Mediterranean are not expected to be different or heavier than those assessed in the North-East Atlantic, given that the legal procedures (impact assessment, public participation, monitoring) are the same in all members of the EU and the technical and economic possibilities are similar. 

In the Baltic Sea many wind parks are already operating and a lot are in different planning stages. Increased human activities on this sea lead to growing competition over limited space. Because offshore wind power needs vast areas of the sea, better planning of sea uses is important. Wind farms usually occupy shallow sea areas that are often ecologically valuable, therefore careful ecological impact assessments are necessary. As the number of offshore wind farms increases, the question also arises whether noise and other vibrations generated by the turbines can become significant enough to harm marine mammals and fish. On the other hand, the surface area that wind farms occupy extends further than the physical structure; there is, for example, usually a safety zone of 500 meters around wind farms and a buffer zone of 500 meters around the cables where several restrictions have to be applied; they may result in increasing biodiversity conservation; offshore wind turbines can also act as artificial reefs that attract biological species and become marine “sanctuaries”. (WWF Baltic Ecoregion Programme, Future Trends in the Baltic Sea, 2010).
In the Black Sea there is not any operating off shore wind farm and only a few are in planning stage. Environmental impacts from future off shore wind farms development will need careful ecological study, given that in this sea there are areas valuable to waterfowl and other wildlife species, like the Danube Delta, other big river mouths and important coastal biotopes; the appropriate environmental procedures (impact assessment, public participation, monitoring) as well as EU environmental policies (Integrated Coastal Zone Management, Marine Strategy Directive etc) should be applied and the necessary technical and economic means have to become available.

4.3. Wave energy

In the North-East Atlantic most wave energy devices are installed in the EMEC test site (Orkney, Scotland). EMEC and Scottish Natural Heritage have compiled an environmental sensitivity chart providing an overview of the key environmental impacts of the wave test site (EMEC 2009). It mentions a damage to the benthic community which is low given the observed rapid ‘kelp’ (marine plant) recovery, a minimum damage of the seabed due to the abrasion, the oil/chemical releases from underwater equipment (during the anchor installation/construction), the vessel fuel and hydraulic fluid from the prototypes, a minor disturbance of marine mammals, fish, and seabird species and of the benthic organisms; some navigational problems caused by the installations are also mentioned. Another installation in Scotland, the Limpet 500 (Isle of Islay, 0.5 MW), has caused changes in sediment deposit and down shore erosion; it also affects the view from the shore since it is visible from this distance. Some positive impacts are also mentioned as the devices may provide resting place for marine animals and nesting site for birds; habitat creation is also possible on the underwater part of the devices.

In Denmark the Nissum Breding site and its Wave Dragon's technology may cause impacts mainly related to the underwater noise, the changes of the hydraulic regime behind the installation and the limited leaks of hydraulic fluids; some low damages are mentioned due to the curiosity of seals, fish and mammals entering the reservoir; there is also a low effect on commercial ships, on fishing vessels and on recreational boating (out of traffic zone) together with a low effect on the view from the shore. On the other hand the Hanstholm installation in Denmark has created new wildlife at the bottom in three years.

In Spain, a wave energy plant, such as Mutriku OWC has marginal environmental impact. It causes, according to a study, atmospheric noise to an acceptable degree and curiosity of the seals to enter the operation area; some navigational problems may also be expected. Positive effects on tourism have been mentioned like new visitors to the area. 

In Norway the Kvitsoy Pilot Project project was stopped in early 2008 because of negative local reactions. In Galway Bay of Ireland, the Wavebob Company has tested in a ¼ scale its wave energy device in the ocean energy test site; according to the 2010 report of the Irish Marine Institute on the Environmental Effects from Marine and Hydrokinetic Devices, the impacts concern cetaceans, birds, fishing and noise. 

(http://www.iea-oceans.org,(http://vbn.aau.dk, http://www.wavegen.co.uk, http://www.spin-project.eu, http://coastalenergyandenvironment. web.unc.edu, http://www.wavedragon.net). 

In Mediterranean, an experimental project has been developed in Malta. According to its impact assessment, the Dexawave’s wave machine (converter) placed in the sea off the Maltese town Marsascala had environmental characteristics that do not affect the sea view since the wave park is invisible from a distance of a few kilometers; the converter park does not produce noise disturbance. At the end of service, the whole wave converter and mooring system can be removed while the simple construction of the converter allows the use of concrete as the main structural building material offering a very long service life, with low maintenance costs and low impact. It is also constructed in such a manner that sea animals cannot get squeezed, trapped or injured by any part of the construction; it has soft corners and no confined spaces. Instead of harming marine life, this wave park will be a shelter for a small community of marine animals and plants (http://www.dexawave.com). 
Given their low wave power potential, no wave energy devices have been developed or are planned in Baltic and Black seas.

4.4. Tidal energy

The most important tidal energy activities in the North East Atlantic are in UK (Scotland, England), Ireland, France and Norway.

In England a turbine has been installed in Foreland Point, near Lynmouth on the North Devon coast. The environmental impact statement considered potential effects on waves, flow, seabed, sediment, water quality, marine habitat, fish, cetaceans, birds, fisheries, navigation, noise, visual impact and landscape. The impacts of the scheme are reported to be generally ‘minor’ or ‘insignificant’. However, the turbine is clearly visible even from 3-4 km away; the high currents found around the turbine may mean that any length of cable that is not securely fixed is liable to be moved by the currents and may chafe against the structure. Cable junctions, entry and exit points all are potential leak paths (http://ec.europa.eu).
In Ireland, the SeaGen project, installed in a special marine environment of Strangford Lough, has undertaken a comprehensive environmental monitoring program which showed not significant impacts on the marine environment; therefore it has been agreed to cease monitoring in March 2011. Its rather slow turbines are estimated not to pose a threat to the wildlife (e.g. common seals). Visual impact is also a key concern in such a sensitive area, and this has been a key driver of the design to ensure that this is minimized and sympathetic to the landscape. ( http://www.alternative-energy-news.info, http://www.seagenwales.co. uk).

In France, local tides changed only slightly due to the La Rance barrage, and the environmental impact has been negligible (http://www.oceanenergycouncil.com). The reduced hydrodynamic regime has led to fine suspended sediment being deposited on the bed, further widening the species richness and abundance of invertebrates; thus, the ecological loss of one third of the intertidal area has been partially compensated. La Rance is the breeding and nursery area for over 30 species of fish and carries a stable population of catadromous fishes (those needing to traverse the barrage - freshwater to marine - repeatedly in order to complete their life cycle). (http://www.swcouncils.gov.uk).
Most projects of tidal energy are in the stage of testing their prototypes hence some environmental impacts may not be recorded yet. However the first experience shows that negative impacts on marine organisms are less important than those from wave energy devices and that the impacts may be decreased by decreasing the rotation velocity of the turbines, sinking the devices in the water or choosing the site in a way that the visual disturbance becomes minimal. The relevant technologies are improving their technical characteristics in order to avoid major impacts.  (http://malaysia-europeforum.com).
In Italy (Kobold), there is the only operational tidal power development in Mediterranean. The turbine installed in the Strait of Messina since 2002, has a three-bladed turbine that rotates at 9 routes per minute, so that the fish may swim through the rotor blades without being hited. (http://www.pontediarchimede.it).

Given their very low tidal power potential, no tidal energy devices have been developed or are planned in Baltic and Black seas.

4.5. Sand and gravel extraction

New technologies in the marine industry have made the offshore dredging operations economically more attractive. Especially in countries with large coastal resources and limited land-based sand or gravel reserves, marine aggregates constitute a high percentage of the total production of natural aggregates (http://www.ce.boun.edu.tr ).
The extraction of sand and gravel from the sea has significant and partially irreversible effects on the seabed. It removes the substrate and associated organisms and may disrupt ecological functions also beyond the extraction area. Dredging may also result in changes to the nature and stability of sediments, increased turbidity, redistribution of fine particulates and the production of plumes of suspended material, changes to currents and possibly oxygen depletion locally. These changes are likely to affect seabed vegetation, fish stocks, other fauna species and erosion patterns, which in turn may affect fisheries, nature conservation, tourism and recreation. 
Topographic changes caused by underwater dredge holes may have immediate effects on nearshore waves and currents. These hydrodynamic changes can lead to changes in the shoreline morphology. Nearshore dredging conducted without proper investigation of local morphologic conditions may cause significant and lasting physical and environmental damage to the coast. The resulting damage may appear in the form of economic losses such as loss of natural resources and tourism revenues. 
An environmental impact assessment carried out in the Gulf of Finland concluded that gravel extraction could significantly increase turbidity and destroy local bottom communities. In the Baltic Sea, sand and gravel extraction has considerable impacts to the marine environment and fish stocks. In the Itä-Tonttu area, Gulf of Finland, it commenced in 2004 when 1.6 million m3 of sand were extracted. The effects were a minor increase in turbidity within surface waters and a low increase in sedimentation near the sand dredging areas (WWF Baltic Ecoregion Programme, Future Trends in the Baltic Sea, 2010, http://www.helcom.fi, http://qsr2010.ospar.org). Concerning the impact on benthic species, a study of a gravel extraction site in the eastern English Channel has shown that the indirect impacts of sand deposition on macrobenthic fauna were as great as the direct effects of the extraction itself. The estimated time required for recovery of the benthic fauna following marine aggregate extraction varies depending on the nature of the habitat and pre-existing fauna, the scale and duration of disturbance, the hydrodynamic regime and associated bed load transport processes and the topographic status of the area. Some recent evidence from the United Kingdom part of the North Sea suggests that recovery periods can be prolonged to more than 7 years, especially where sites have been dredged repeatedly at high intensities. In general, further work is needed on impacts to fish, to the smaller benthic fauna and to the long-term recovery ability of the seabed (http://qsr2010.ospar.org). The study on the Anzio relict sand deposit situated at about 12 km offshore Anzio in Italy, showed that following the dredging activities carried out from 1999 to 2007, a clear granulometric variation in the superficial sediments was observed right after dredging due to the outcropping relict sands. Also, a non-negligible increase in the pelitic sedimentation was recorded 6 or 9 months after dredging ascribed possibly to both the re-deposition of the turbidity cloud generated by the dredging operations and the shelf’s pelitic sedimentation (http://www.ics2011.pl). Another study made in Lazio in 3.5 nautical miles offshore from Montalto di Castro in Italy, on the continental shelf at 50 m of water depth, showed that the main direct impact of dredging is the  re-suspension and subsequent deposition of fine sediments produced by sand-extraction operations. This causes a decrease of the number of macro-benthos assemblages, followed by the abundance of a few opportunistic species (e.g. Corbula gibba). A few months after the dredging the re-colonization processes of the benthic assemblages, was not finished. Nevertheless the study highlights that the re-colonization processes depends on a high number of factors such as the type of dredging, its intensity and the proximity of the dredged areas (www.vliz.be).
4.6. Oil and gas activities

The North Sea is a major oil production area (167 offshore installations). While much of the output is carried in pipelines for domestic consumption, a high proportion is transported by shuttle tankers to terminals such as Mongstad (Norway) and Sullom Voe (UK). Discharges of produced water from the routine operation of production platforms are a constant source of oil and chemicals from offshore oil and gas activities. Accidental oil spills can have acute effects on the marine and coastal ecosystems.
In Mediterranean, the exportation of onshore production, transit trade and importation of crude oil in the area must be taken into consideration in terms of spill risk from crude oil tankers,. The largest exporters of crude oil in the Mediterranean are Libya (1.29 million bbl/d), Algeria (1.15 million bbl/d), Egypt (352,000 bbl/d), and Syria (276,000 bbl/d). The region's major importers of crude oil are France (1.9 million bbl/d), Italy (1.8 million bbl/d), Spain (1.46 million bbl/d), and Turkey (601,000 bbl/d). Important transit countries include Egypt with Suez Canal and Sumed pipeline, Italy with its Transalpine Pipeline to Austria and Germany, and Turkey with its pipeline network from the East and Turkish Straits to the Black Sea.
In Italy, impacts from oil and gas fields are observed mainly on soil, subsoil and aquifer; there are also impacts from noise, solid wastes, and gas leaks released to the atmosphere. The mitigating actions taken concern mainly securing the aquifer, remediation of areas disrupted by the laying of the pipelines, use of sound proofing panels, use of scheduled maintenance (workover), use of tanks and reservoirs to contain aquifer water and continuous network monitoring and periodic replacement of damaged pipes (http://www.edison.it).
In the Baltic Sea, the increased interest during recent years in oil pipes and in possible oil reserves in the shelf indicate the need to examine the sufficiency and proper application of existing international environmental regulations in the region together with the potential specific impacts of such installations. Oil movements within the Baltic are dominated by the export of Russian crude and refined oils, which now exceed Russian oil exports through the Black Sea. The primary export route has been through Ventspils (Latvia) with lesser routes via Butinge (Lithuania) and Tallinn (Estonia), the latter for fuel oil only. Inauguration of the Primorsk terminal at St. Petersburg in 2001 is leading to a steady increase in tanker traffic volume. As a result, Russian exports through the Baltic States have been scaled back to avoid transit fees. The Primorsk terminal has a storage capacity of 500,000 tonnes and is linked by pipeline to Siberian crude oil production fields. Concerning off-shore installations and refineries, the Baltic Sea appears to be under low risk since the number of facilities for extraction and processing of oil is small.
For the present, the spill risk from production seems to be minimal in the Black Sea. This sea is, however, subject to a substantial and increasing transit trade in crude and refined products. In 2005 over 55,000 ships, including almost 6,000 oil tankers passed through the Bosporus Strait, most carrying Russian oil. Given the straightforward sea and climatic conditions, the Black Sea has proved a relatively safe area for shipping to date. On the other hand, pipelines currently online from Russia, Georgia, Kazakhstan and Azerbaijan supply crude to terminals on the Russian, Ukrainian and Georgian Black Sea coasts. The oil pollution threatens the marine ecosystems and the levels of pollution are high in many coastal areas.
The Environmental Impact Assessment study submitted for the gas installation of the Galata field in Bulgaria has concluded that the majority of the environmental impacts are expected to occur during the development phase, while those of the operation and production phase are considered negligible. The overland pipeline has been carefully planned to avoid local communities and sensitive environmental habitats and the biological resources are not affected or damaged. The landing point for the offshore pipeline has been relocated southwards by approximately 200m to minimize the potential environmental impact in an area of ecological sensitivity (http://www.ifc.org) 
An accident with gas leaking happened on September 28 (2011) during the restoration works of the well on the drilling rig in Azov Sea, in Ukraine. However the gas leak has not caused any injuries or pollution due to the efficient emergency operation 

(http://en.for-ua.com).

The Melrose Company made the first offshore gas development in Bulgaria, the Galata field in 2004. In 2008, the company made two nearby discoveries, the Kaliakra and the Kavara fields to be developed in 2010 (http://www.rigzone.com). About 20 wells have been drilled in the Bulgarian part of the Black Sea, including 17 new-field wildcats, one outpost, and two development wells. The only offshore oil field which drilled since 1983 (http://www.pennenergy.com) in Bulgaria is the GSP Prometeu (http://www.rigzone.com).  
In the Romanian sector of the Black Sea, 100 wells have been drilled on 2005, including about 70 exploration and 30 development/injection wells (http://www.pennenergy.com) while on 2009 Petrom company achieved first oil from two oil wells offshore Romania. The two wells are located on the Delta and Lebada Vest fields and are expected to add more than 4,500 barrels of oil equivalent per day to Romania's production, which only started in the country in (1988) with GSP Jupiter   (http://www.rigzone.com, http://www.rigzone.com).
In Ukraine the State company Chornomornaftogaz discovered eight gas-condensate fields in the shallow water region offshore Ukraine and identified several drillable prospects such as Subbotina, Pallasa ,Uglovoy and  Riftovy (2005) (

 HYPERLINK "http://www.pennenergy.com" http://www.pennenergy.com). Ιn the Turkish sector of the Black Sea only nine wells have been drilled. Madison Oil Turkey Inc. (parent Toreador Resources), spudded a tenth in 2005. Madison operates 14 coastal blocks, though its work focuses around its Ayazli 1 gas discovery and the surrounding South Akcakoca sub-basin, where 13 potential drilling locations and six prospects have been identified. The six prospects have a reserve potential-per-prospect ranging from 100 bcf to 1 tcf (http://www.pennenergy.com). Moreover from 2010 the Leiv Eiriksson, one of the largest drilling platforms in the world, is working off the shores of Sinop and will continue to Zonguldak and Trabzon. It is expected to complete the drilling studies in three years (http://www.todayszaman.com).

The trend of oil discoveries in Georgia confirms the presence of a working hydrocarbon system that extends from Georgia into the Black Sea (http://www.rangeresources.com). In Russia while offshore resources are often presented as an important element in Russia’s future energy balance, efforts to develop a comprehensive offshore strategy began relatively late (http://www.fni.no). An important gas pipeline namely the Blue Stream is aimed to supply Turkey with Russian natural gas via the Black Sea offshore area avoiding third countries. Blue Stream is 1,213 km long and it has a capacity of 16 billion cubic meters of gas a year. It has been officially inaugurated in November 2005 (www.plancoast.eu).

On the other hand the South Stream project provides for the offshore pipeline to run via the Black Sea from the Russkaya compressor station on the Russian coast to the Bulgarian coast. The total length of the offshore section will be around 900 kilometers, the maximum depth–over two kilometers and the design capacity–63 billion cubic meters. There are two optional routes for the onshore South Stream pipeline: either northwestwards or southwestwards from Bulgaria. In order to feed the required amount of gas to South Stream the gas transmission system capacities in Russia are to be expanded with additional 2,300 kilometers of pipeline and 10 compressor stations with the total capacity of 1,473 MW. A pre-investment feasibility study is underway (2010) (http://www.gazprom.com).

5. Future trends
5.1. Future offshore grids
The future European offshore grid will contribute to building a well-functioning single European electricity market that will benefit all consumers, with the North Sea, the Baltic Sea and the Mediterranean Sea leading the way. 

(http://www.ewea.org).
5.1.1. The North Sea Super Grid

The initial proposals for the European Offshore Super-Grid (Figure 2) have been formulated in 2001; it is defined as “an electricity system designed to facilitate large-scale sustainable power generation in remote areas for transmission to centers of consumption”. The North Sea Super-Grid is acknowledged as central to achieving Europe’s goals of security of supply and of sustainability; it may connect offshore and onshore Super-Nodes which collect the renewable energy and deliver it to the existing high voltage grid on land (http://www.mainstreamrp.com). Connecting turbines of the wind-lashed north coast of UK (Scotland) with Germany's vast arrays of solar panels, and joining the power of waves crashing on to the Belgian and Danish coasts with the numerous Norway's hydro-electric power stations, it could act as a giant 30GW battery for Europe's clean energy, storing electricity when demand is low (http://www.guardian.co.uk). Thus it would contribute in solving the problem of fair reliability faced by renewable power because of weather unpredictability. 

With the Super-Grid, electricity can be supplied across the continent from wherever the wind is blowing, the sun is shining, the waves are crashing, the tide is high. At the heart of the plan is a vast series of offshore undersea grid connections stretching down the coasts of the UK, France, Denmark, Netherlands, Germany, Ireland, Belgium, Norway, Sweden and possibly even to Spain and Portugal (http://www.renewableenergyworld .com). 

It may be considered as a major step towards a continent-wide super-grid that could also link into the vast potential of solar power farms in North Africa. The North Sea grid could link into grids proposed for a much larger plan for renewables called the Desertec Industrial Initiative (DII). This aims to provide 15% of Europe's electricity by 2050 or earlier via power lines stretching across North Africa desert and the Mediterranean. 

The network will be made up of more than 6,000km of highly efficient undersea cables that could cost up to €15bn-€30bn (Greenpeace’s 2008 and EWEA's 2009 studies). Already, around 100 GW of offshore wind generating capacity is planned for the North Sea and the super-grid could connect these wind farms together to allow power produced from the various site to be distributed throughout the EU (http://www.guardian.co.uk/environment/2010/jan/03/european-unites-renewable-energy-supergrid/print).
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Figure 2. The European Offshore Super-Grid

(http://www.mainstreamrp.com/supergrid/ )

5.1.2. The Mediterranean Ring Project
The EU has taken the lead in assisting the Mediterranean region in its quest to be synchronously interconnected to the European grid, through the Mediterranean Ring project (Figure 3). The goal of the Mediterranean Ring project is to provide interconnection of electric power transmission grids among the countries and regions that encircle the Mediterranean Sea. The concept involves linking electric power grids from Spain to Morocco through the North African and Western Arab countries, on to Egypt and the Eastern Arab countries and from there up to Turkey. From Turkey the Ring would then link back into the European grid via Greece or through the newly interconnected Eastern European country grids (http://newenergyreports.com).

[image: image4.emf]Wind farms

Consent Authorised Consent Application Submitted Early planning

Country Number Capacity (MW) Number Capacity (MW) Number Capacity (MW)

Belgium 3 528,6 1 3 13

Germany 24 6774,64 49 19401,3 10 5285

Denmark 2 435,6 1 36 3 1200

Ireland 1 1100 4 1794

Netherlands 12 3250,8 4 561 4 838

Sweden 1 540

United Kingdom 4 1257,1 7 2451 42 41784

France 1 2,5 4 1455 17 3459

Norway 10 406,6 1 200 16 8715

Spain 17 4224,8


Figure 3. The proposed  Mediterranean Ring project

(http://www.powerengineeringint.com, http://www.offshoregrid.eu).

These vast projects create a huge offshore construction opportunity for the installation of subsea cables, which will probably present important technical, planning, legal and environmental issues. The expected significant increase of renewable percentage of the total EU energy consumption is an important positive environmental impact. On the other hand, there have to be considered some negative impacts related to seabed disturbance during the construction phase; the cable laying activities will result in temporary sediment re-suspension and thus in increased turbidity of the water, which may change sediment characteristics. The two main methods of marine cable installation are burying or laying on the sea bed; cables buried in the seabed may cause damage to the benthic organisms. Furthermore, the electromagnetic fields generated by underwater electric transmission cables may have negative effects on some marine organisms during the whole operation phase of the grid because of potential perturbations in their biological communication functions (Cooper & Beiboer, 2002), (www.offshorewindenergy.org, http://www.wind-energy-the-facts.org)
5.2. Offshore platforms
A new perspective under consideration is the multi-purpose offshore floating platforms that can be developed in deep (more than 100m) marine waters with the aim of generating renewable power while at the same time producing sea food, fuel (hydrogen), services to the maritime transport and climate monitoring. In a few years they could significantly contribute to emerging low-carbon energy and marine food industries while maintaining good environmental status in Europe.
5.3. Wind farms

The planned and projected offshore wind farms will generally be larger in size than current farms. In North – East Atlantic Ocean there are 58 wind farms with authorized consent application, 71 with their application submitted and 112 in the stage of early planning. Table 6 shows future trends per country (http://www.4coffshore .com)
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Table 6. Future offshore wind farms

Currently there are around 35-40 GW of offshore wind power capacity in various stages of planning in the UK alone, with many other countries in the region also laying out ambitious plans. The projections are for more than 169 GW of offshore wind operating in the North Sea by the middle of the century.
(http://www.offshore247.com).
In Spain there are 10 offshore wind farms in the stage of early planning with total capacity 802 MW, in France 1 with 2MW, in Italy 6 with 1,582 MW, in Malta 1 with 95 MW and in Croatia 1; the number of wind farms with a consent application submitted are 8 in Italy with total capacity 886MW. In Greece (figure 4) there are 35 offshore wind farms in a stage of early application submission with a total power of 5,310 MW and more 14 wind farms in a stage of preliminary sitting. (http://www.4coffshore.com).
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Figure 4. Preliminary planning of future offshore wind farms in Greece

In the Baltic Sea region there are already plans for 30 new offshore wind farms to be completed by 2020; they are either under construction, formally authorized or been applied for. Together, they have a planned total capacity of 16,944 MW, which is an increase of 39 times compared to current production levels. Between 2020 and 2030, there are plans for developing 25 wind farms. If these plans are implemented, the offshore wind farms in the Baltic Sea by 2030 will have a combined capacity of around 25,000 MW. This is an increase by 6,000% in the coming 20 years. 
In Baltic Sea wind farms with authorized consent application are 3 in Finland with total capacity 768MW, 1 in Estonia with 700MW and 3 in Germany with total capacity 713MW. In the stage of early planning there are 4 in Sweden with total capacity 3,740 MW, 10 in Finland with 3,007MW, 3 in Poland with 99MW, 4 in Germany with 816MW and 2 wind farms in Denmark with 525MW, respectively. The number of wind farms with submitted consent application is 5 in Sweden (2,004MW), 3 in Finland (960MW), 3 in Estonia (995MW) and 12 in Germany (2,617MW). In Romania a second wind farm (300 MW) is in the stage of early planning (http://www.4coffshore.com).
5.4. Wave Energy

The world’s first wave and tidal energy projects on a commercial scale are to be built off the Scottish coast, with developers claiming they have the potential to power 750,000 homes. Scotland would become the “Saudi Arabia of marine energy” thanks to the strong tides and currents off its coast. The Crown Estate announced 10 schemes capable of generating up to 1.2 GW of electricity to be built around the Orkney Islands and on the Pentland Firth, off the northern coast of the Scottish mainland. Six sites have been allocated for wave energy developments potentially generating 600 MW of power and four for tidal projects, also generating 600 MW. (http://www.telegraph.co.uk).

Three new wave energy projects have been leased for development in the Scottish waters of UK, in 2010. A 30 Megawatt (MW) project north of Lewis and a 10 MW demonstration lease for a site off northwest Lewis, by Aquamarine Power. A 10 MW demonstration project under development by Vattenfall and Pelamis WavePower west of Shetland has also been leased. The new projects take the number of wave and tidal projects leased for development by the Crown Estate around Scotland to 17, not including the test facilities at the European Marine Energy Centre (EMEC) in Orkney.

(http://www.scotland.gov.uk). 
Within two years from 2010, the province of Belgium Vlaanderen, will be able to get energy from waves near its shores. Currently there are plans to build a wave power station. This experiment will start a test-phase of potential future development of wave energy in the North Sea, while a study done by the University of Gent shows that wave energy has the potential to generate 15% of the total energy needs of Belgium. (http://www.tomorrowisgreener.com). In Denmark in the light of the experiences from the 1:10 scale converter, the first section of the 500kW converter has been launched in the North Sea outside Hanstholm in September 2009. The full-scale 500 kW Wave Star converter will later be installed in the North Sea and the first commercial demonstration system will be ready for sale in 2011/12 (http://www.stateofgreen.com).

A Spanish project developed by Abencis Seapower during 2010, was based on the prototype of a “marine pump” at ¼ scale. A study on sea conditions will be carried out to allow the optimization of control strategies, which will be extrapolated to a final and real scale power plant (http://www.wavec.org). Moreover, Cyprus' government has expressed interest in implementing SDE's wave energy device along the shores in the country; one of the first locations where the wave energy device may be built is the Larnaca Marina. Also, Turkey shows an interest in capturing the wave energy from the regions in the west Black Sea, in the north of Istanbul Straits and off the southwestern and western coasts of Aegean Region as considered the best sites to harness the wave energy (http://www.dho.edu.tr).
5.5. Tidal Energy

In UK (Scotland), the Sound of Islay benefits from strong tidal flows, shelter from storms and waves and has available grid capacity. The planning application from the Scottish Power Renewables was also supported by a comprehensive Environmental Impact Assessment. According to this, the environmental impacts will be low; those needing more attention are the danger of collision of basking sharks and the right management of the fishing and navigational area (http://www.  scottishpowerrenewables.com). Tidal Energy Ltd’s 1.2 MW DeltaStream is the first full-scale tidal stream energy generator in UK Wales. The full-scale tidal power generator will begin operating in 2012, having secured funding from the EU and other sources (http://www. renewableenergyfocus.com). Also, three more projects (Swansea Bay 30 MW, Fifoots Point 30 MW, and North Wales 432 MW (http://www.exploration-architecture.com) are under development in Wales.(http://www.oceanenergycouncil.com). The territorial waters around Alderney of UK England contain one of the world’s largest tidal energy resources, estimated by independent consultants as capable of generating up to 3,000 MW – sufficient electricity to power at least 1 million homes, according to ARE (http://social.tidaltoday.com). Scottish Power Renewables is at an early stage in investigating the potential for a 95MW tidal project off the north coast of Caithness at Duncansby (http://www. scottishpowerrenewables.com). 

The Strait of Boniface (between Sardinia and Corsica), the area of sea south of Sicily, a good part of the Tyrrhenian Sea (between Italy, Sardinia and Sicily), the Ligurian sea (between Italy, Corsica and France) and the Strait of Gibraltar where the Spanish government is installing an Italian prototype are all good places to exploit marine energy (http://stopoldbury.blogspot.com). Italy has many ongoing tidal projects like Gem (0,1 MW) (http://malaysia-europeforum.com) and FRI – EL SEA (0,5MW), (

 HYPERLINK "http://www.wavec.org" http://www.wavec.org).

5.6. Sand and gravel extraction

In English and French waters, new large-scale resources have been identified and are being investigated in the Eastern English Channel. Other deep-water resources are being investigated in the Outer Bristol Channel off the coast of south Wales. On the Dutch continental shelf, investigations are continuing into the extraction of coarser sediments located beneath the finer modern Holocene sediments.

The expected increase in sand and gravel extraction will require greater efforts to reduce the negative effects of mineral extraction. All OSPAR Contracting Parties should strictly implement the ICES (International Council for the Exploration of Sea) guidelines and supply comprehensive information about their marine aggregate industries to the ICES WGEXT (Working Group on the Effects of Extraction of Marine Sediments on the Marine Ecosystem). Information on the annual production rates, the area of seabed licensed and the area of seabed dredged has to be available (http://qsr2010.ospar.org).
Marine sand and gravel resources are widely distributed in the Baltic Sea area and marine sediment extraction is of increasing economical importance in many regions of the Baltic Sea. With the aim to reduce the environmental impact of sediment extraction, Helsinki Commission (HELCOM) has developed a Recommendation which requires that an environmental impact assessment has to be carried out prior to sediment extraction permits and specific guidelines for extraction have to be followed in order to minimize environmental impact and secure regeneration of marine and coastal ecosystems. In addition, sediment extraction in vulnerable areas is restricted (http://www.helcom.fi).
In Finland, there are current plans to carry out major extractions in 2011 or later. In Germany, exploitation has been stable the last decade, or decreased slightly; no extraction licences have been granted in Germany recently. The lack of long term plans for gravel and sand extraction in the region makes the future of this sector difficult to predict; extraction will eventually increase in order to supply the material needed for the construction of the planned projects of coastal infrastructure; growing coastal erosion due to climate change will probably increase the demand for sand needed for beach replenishment in the region. (WWF Baltic Ecoregion Programme, Future Trends in the Baltic Sea, 2010).
5.7. Oil and gas industry

The highest interest for offshore gas industry in Mediterranean Sea is concentrated in the Eastern part. Future plans are developed for the area offshore Cyprus and Israel with gas fields like Leviathan and Tamar (http://www.nobleenergyinc.com). Some future developments are also expected in the Italian part of Mediterranean, the offshore Guendalina gas field (Mediterranean Oil & Gas company) ( http://www. energy-pedia.com). Future activity in the offshore oil industry can be expected in the 3D seismic exploration activity at Malta Offshore Area 4, looking forward to obtaining the results in 2012 and in the Homer Ferrington to Block 12 offshore Cyprus (

 HYPERLINK "http://www. energy-pedia.com" http://www. energy-pedia.com, http:// www.rigzone.com).

Initial exploration has shown that reserves off the west coast of Georgia may be significant. Moreover, most of the Black Sea is believed to host oil and gas reserves, and oil and gas exploration is beginning in the area. On the new frontier of oil drilling in the Black Sea, Turkey is leading by example. Exxon Mobil Exploration and Production Turkey will use a drillship for a deep water exploration program in the Turkish sector of the Black Sea. TPAO estimates the oil reserves that could be discovered by the exploration program at 10 billion barrels or more, which may be sufficient to support all Turkey’s oil demand. Similar opportunities may exist offshore of Ukraine and Bulgaria. Following the example of North Sea 50 years ago, Black Sea may be on the verge of becoming a major oil and gas producing province (http://www.acus.org). Given that the countries at the western part of Black Sea are EU members and that the rest of Black Sea countries have developed close relations with the EU, there has to be expected that this new productive activity will follow strict environmental rules according to current European policies on integrated coastal zone management and on marine strategy.   

6. Case Studies
6.1 Mutriku oscillating water column plant
The Basque Country’s coastline boasts a medium-high wave energy potential of approximately 24 kW/m. The wave energy device located in Mutriku, fifty kilometres from San Sebastian in northern Spain and promoted by the Basque government, has a capacity of 296 kilowatts, will produce 600,000 kilowatt hours per year and is, says the Basque Energy Agency (EVE) "a world leader that opens the door to new marine developments and the creation of a new manufacturing sector that can generate wealth and employment". It uses a technology called Oscillating Water Column (OWC), developed by the Scottish company Wavegen, belonging to Voith Hydro. All the electricity produced in this way is injected directly into the general distribution grid, which as EVE says, makes Mutriku "the first European plant to supply power using the waves" because, although there are two similar facilities in Portugal and Scotland, they are "oriented towards research rather than energy production".
It is a multi-turbine oscillating water column system integrated in a breakwater. The EVE views the OWC technology as "one of the most mature technologies for harnessing wave energy on the market". It has been commissioned in the Basque Country (Mutriku harbour) in the Bay of Biscay (Spain), in July 2011. An investment of €6.4million was made to the facility (€ 4.4 million for civil work and the rest for electromechanic work and grid connection). It consists of 16 turbines and each one has a capacity of 18.5 kW. The plant will generate an output of 300kW to power 250 households. The project will help in reducing 600t of carbon emissions annually (http://www.wavec.org). 
The integration of the wave energy converter into a dual or multi-purpose structure as a breakwater has the advantage of sharing the construction costs and reduces the environmental impacts resulting from integrating into other infrastructure (http://www.fedarene.org). For example, navigation will not be considered as an issue in the case of the integration of a OWC in a breakwater application. The studies have already been done and appropriate measures have been taken in the construction phase of the breakwater.  

In a breakwater application the introduction of a wave energy plant is expected  to have marginal environmental impacts. There is no formal study concerning the effect of an OWC plant to marine mammals and fish. Therefore, there is not much knowledge of the potential impacts on them, except for the possible danger for the seals entering to underwater part. As for the atmospheric noise Wavegen company designed the acoustic attenuation from the plant room to maintain an acceptable environment. Moreover, positive effects on tourism have been mentioned like new visitors to the area (http://www.wavegen.co.uk).

6.2 The Kobold tidal energy turbine
The Kobold turbine is a submerged vertical-axis turbine for exploitation of marine currents installed in the Strait of Messina (Italy), 150 metres off the coast of Ganzirri, since 2002 (http://www.wavec.org). The prototype uses three blades with a 6 m-diameter turbine, generating up to 25 kW from currents of 2.0 m/s (http://www.iea-oceans.org). In 2005 the plant was connected to the electric grid by means of a submarine cable. All the inner electrical components were optimized in order to meet the grid requirements (http://www.tidaltoday.com).
According to the relevant study, carried out by the University of Messina, the environmental impact from the operation of the Kobold turbine is negligible (http://www.offshorecenter.dk). The seabed disturbance is low because the anchoring is made by only four concrete mooring blocks. Operation problems (e.g. corrosion) that may cause an impact to the marine environment are of low significance because there is only one device (http://www.tidaltoday.com). A point that makes the Kobold turbine a favorable choice to capture the tidal energy is the absence of negative impacts on fish. The three-bladed turbine rotates at 9 routes per minute, so that the fish may swim through the rotor blades without being hited (http://www.pontediarchimede.it). Marine flora and fauna inhabit on the structure, being a good source of food for fish and increasing the biodiversity in the area.
6.3. Sand and gravel extraction in South East England

The surface sediments of the seabed off South East England consist largely of sand and gravel and host rich and diverse communities of wildlife. Whilst being important habitats for wildlife, these sediment deposits are also of great interest to the aggregate extraction industry, which dredges these materials up from the seabed for the construction of roads, buildings and other developments. Great Britain’s demand for aggregates equates to approximately 4 tonnes per person, per year, or a total of 272 million tones; 21 million tonnes of this is dredged from the seabed every year. This extraction can have an impact on the sand and gravel habitats and the wildlife they support. With the Government’s commitment to build thousands of new houses in South East England and the recent identification and exploitation of large offshore gravel resources in the region, understanding the impacts of extracting aggregates is vital if our marine environment is to be protected from long term or irreversible damage. The proposed East Channel Region extraction area will potentially be England's largest and most productive site, yielding up to 17 million tones/year.

Gravel extraction in the East Channel Region and other licence areas in the South East could cause severe and possibly permanent reductions in biodiversity over an area of more than 200 km2. At present, the conservation of offshore sand and gravel biotopes in the South East depends on the environmental management of marine aggregate extraction and other industries, as neither the Habitats Directive nor Biodiversity Action Planning have been actively applied in this environment. Marine Spatial Planning is a developing tool that might be applied to ensure more effective, integrated management and protection of marine biotopes (http://www.hwt.org.uk).
6.4. The largest offshore wind farm in the world

The Vattenfall company acquired the Thanet Offshore Wind Farm project in November 2008 and the construction was completed in September 2010. With 100 wind turbines, each 115m tall, and a generating capacity of 300MW this is the largest offshore wind farm operating anywhere in the world. This is sufficient to supply more than 200,000 homes per year with clean energy. The Thanet project is located approximately 12 km off Foreness Point, the most eastern part of Kent, in water depths of 20-25m, covering an area of 35km2. An Environmental Impact Assessment has been prepared to determine the effects on the local environment (http://www.vattenfall.co.uk/).
The EIA work for Thanet involved extensive consultation with more than one hundred statutory and non-statutory organisations. Royal Haskoning undertook detailed data collection and managing surveys, as well as an assessment of the potential impacts on areas including: archaeology, birds, fisheries, marine mammals, recreation and navigation. For example, surveys undertaken at the Thanet site showed the presence of a reef-forming Ross worm, Sabellaria spinulosa, whose habitat is listed in Annex 1 of the European Habitats Directive. The presence of this species on the Thanet site meant that a number of the turbines required repositioning to mitigate potential ecological damage (http://www.royalhaskoning.co.uk/). Overall the potential impacts are considered to be negligible except the likely seascape and visual effects arising from the Thanet project which considered from minor to moderate adverse (http://we-at-sea.org/).
European Investment Bank support for the project has been dependent on fulfillment of comprehensive environmental assessments, including evaluation of the project’s potential impact on marine life and birds. The European Investment Bank is also expected to fund a transmission link connecting the Thanet wind farm to the national grid.

The Thanet Offshore wind farm is an important step in enabling the United Kingdom to achieve renewable energy targets and generating 15% of energy needs from renewable sources by 2020

(http://www.offshorewind.biz/).
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