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Abstract - In 2006 Mediterranean countries totaled 470 million inhabitants with 210 
million in the northern (45 %) and the remaining 260 million (55%) in the southern 
countries, OME [1]. Electricity demand was about 1843 TWh/year, 55 % coming from 
North and 45 % from South. In 2030 the population could reach 570 million with 45 % in 
the northern countries and 55 % in southern ones and the electricity demand 3289 
TWh/year with 28 % coming from North and 72 % from South. For meeting the goal of 
renewable energy contribution of 20÷30 % by 2030, the contribution of onshore wind 
energy should be integrated with the offshore option to reach a significant value of 10 %. 
Up to now the offshore wind option for the Mediterranean countries has not been fully 
considered even though about 2000 MW offshore wind power plants have been installed 
in North European Countries in water depth up to 30 m on gravity and monopile 
foundations. Then from explorative data of Gaudiosi in 1992 for all Mediterranean 
countries and from partial evaluation for North Mediterranean Countries (2003/ 2006: 
France, Italy, Spain) by Eunostrum and CESI-Ricerca Projects, the offshore wind 
potential should be more specifically evaluated for all Mediterranean coastal countries. 
The preliminary offshore wind data, obtained by the described methodology, indicate that 
the Mediterranean offshore wind energy could be in the same range of onshore wind 165 
TWh/year (5 % of 2030 Mediterranean electric energy demand) of which 80 TWh/year at 
water depth below 30 m and 85 TWh/year at water depth from 30 up to 200 m. Total wind 
energy (offshore and onshore) could cover 10 % of electricity demand of Mediterranean 
countries at 2030. Electric grid connections among Mediterranean coastal countries 
should be built to allow the use of large amount of offshore wind electricity. The cost of 
offshore wind energy should be higher than onshore case and comparable lower than 
solar photovoltaic with the higher reduction rate in coming 20 years. The Mediterranean 
Solar Plan (PSM) lunched in 2008 by Union for Mediterranean will cover Offshore Wind 
in near future. 
Keywords: Wind energy - Offshore - Mediterranean - Marine energies - Renewable 

Energies. 

 
1. INTRODUCTION 

Twenty four coastal countries (Fig. 1) with about 350 of 470 million (Fig. 2) 
inhabitants gravitate for their living needs on coastal regions of the Mediterranean Sea. 
In the coming 20 years an increase of population and electricity demand is expected to 
be respectively of 21 % and 80 %. The contribution of the onshore /offshore wind 
energy could be in the range of 10 % of 2030 electricity demand, 330 TWh/year to meet 
the goal of renewable energy contribution of more than 20 % by 2030. 
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2. ENERGY IN MEDITERRANEAN 
MEP (Mediterranean Energy Perspectives) the publication in 2008 [1] of OME 

(Obsevatoire Méditerranéen de l’Energie) gives the actual state of art of Mediterranean 
energy with forecast for the future two decades, as the text reported below: ‘The almost 
half a billion people who live in the Mediterranean Basin and who have an average 
income of US$ 13000 per capita, currently consume 990 Mtoe of energy. As a result, 
the Mediterranean accounts for about 9 % of the world’s energy demand. Over the 
projection period, this share should remain rather stable, with higher increase in demand 
in the South and lower demand in the North. The overall energy demand of the 
Mediterranean countries is expected to grow by 1.5 % per year on average, reaching 
1426 Mtoe in 2030. 

Through 2030, the North is expected to lose some of its share to the South, whose 
share will account for over 42 % of energy demand compared with its current 28 %. 

Oil is, and will remain, the dominant fuel in the Mediterranean energy mix through 
the projection period. However, gas and renewable will increase their shares. 

Spurred by incentives, policies, and technological advances, no hydro renewable are 
expected to continue their outstanding growth to 2030, with an over 3.7 % per year 
average increase over the projection period.  They will represent over 11 % of primary 
energy demand. Countries on both the northern and southern shores of the 
Mediterranean will enjoy sustained growth in this area’. 

 
Fig. 1: Mediterranean countries [1] (source: OME) 

 
Fig. 2: Mediterranean population by country, 2005 - 2030 [1] 
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3. ELECTRICITY IN MEDITERRANEAN COUNTRIES 
Assuming the geographical coverage of MEP 2008 Model, (Fig. 3) in the following 

figures it is possible to see the geographical distribution of electricity capacity and 
generation in Mediterranean basin. 

Total electricity generation is estimated in 3.289 TWh/year by 2030, (Fig. 4) with 46 
% from the South; predominant will be thermal generation (55 %) and gas as fuel (32 
%) (Fig. 5). 

Renewable electricity is expected to be 27 % of generation mix. 

 
Fig. 3: Geographical coverage of the MEP 2008 Model [1] (source: OME) 

In the OME model, the Mediterranean countries are divided into three regions: • North Mediterranean. 
EU countries: Cyprus, France, Greece, Italy, Malta, Portugal, Slovenia, and Spain. Non-EU countries: 

Albania, Bosnia Herzegovina, Croatia, former Yugoslavia, Republic of Macedonia, and Serbia. 
• South West Mediterranean: Algeria, Egypt, Libya, Morocco, and Tunisia. 

• South East Mediterranean: Turkey, Israel, Jordan, Lebanon, Palestine, and Syria. 

 
Fig. 4: Electricity generation 1970-2030 in Mediterranean 
South-East, South-West, North Regions [1] (source: OME) 
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4. RENEWABLE NO HYDRO ELECTRICITY IN MEDITERRANEAN 
Renewable electricity is only in the initial phase of exploitation in the Mediterranean 

countries in spite of the consistent potential: very high for solar, particularly in the 
southern shore, and good for onshore and offshore wind all over. 

In 2005 the non hydro renewable electric capacity has been (Fig. 6 and Table1) 4 % 
(19 GW) of total 424 GW and the electricity generation (Fig. 7 and Table 2) 3 % (52 
TWh) of total 1843 TWh with increasing value in 2009 and the forecast of OME for 
2030 capacity and generation respectively is 19 % (151 GW) of total 797 GW and 7 % 
(219 TWh) of total 3289 TWh. 

 
Fig. 5: Electricity generation by fuel 

 in the mediterranean region 1970-2030 [1] (source: OME) 

  

Fig. 6: Mediterranean total capacity (424 
GW) in 2005 and (797 GW) in 2030 [1] 

(source: OME) 

Fig. 7: Total electricity production from 
renewables in Mediterranean 2005 (1843 

TWh) and 2030 (3289 TWh) [1] 

  

Table 1: Fuel share in Mediterranean 
capacity, 2005 and 2030 (GW) [1] 

(source: OME) 

Table 2: Fuel shares in Mediterranean 
electricity production 2005 (1843 TWh) 

and 2030 (3289 TWh) [1] 
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According to OME in the period 2025÷2030 the renewable electricity generation 
(Hydro included) in Northern Mediterranean regions will grow by more than 10%, 
while in Southern by less than 6 % (Table 3). Considering the no offshore option by 
OME, the onshore wind capacity will reach 83 % of no hydro electricity capacity in 
2030 from 73 % of 2005 (Fig. 8). 

Table 3: (Hydro, other) renewable electricity generation 
shares by Mediterranean region, 2005 and 2030 [1] (source: OME) 

 

In the following paragraphs offshore option will be preliminarily evaluated and 
included in the 2030 renewable electricity forecast. 

 
Fig. 8: Total installed capacity of non-hydro 

renewable in Mediterranean, 2005- 2030 [1] (source: OME) 

Onshore, offshore winds, nuclear and fossil thermal electricity generation costs in 
Northern EU Countries have been compared by Milborrow [2] (Fig. 9), assuming CO2 
and fuel variation cost for thermal electricity. 

 
Fig. 9: Wind and Thermal electricity costs [2] 
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In general onshore wind electricity is considered competitive in the range of wind 
regimes of 7÷9 m/sec (hub height), while offshore wind electricity costs are still almost 
80 % higher because of the larger investment cost for installed MW. 

Renewable electricity kWh cost incentivizing tariffs are operating in most 
Mediterranean countries to promote energy de-carbonization (Fig. 10, 11) for reduction 
of climate change effects and for success of proposed targets of Renewable electricity. 

  

Fig. 10: Electricity tariffs (c €/MWh) in 
EU North Mediterranean countries [1] 

Fig. 11: Electric tariffs (c €/ MWh) in 
some South Mediterranean countries [1] 

(Sources: OME, based on data from IEA (2008) and DGTREN (2008)) 

For offshore wind electricity some Mediterranean countries (for example Italy in 
2009) are starting to increase the above tariff according the sector higher investment 
cost. 

Renewable Electricity Targets have been proposed in the range of 13÷ 31 % by EU 
North Med. Countries (Table 4) and in the range 2÷ 6% by Southern countries (Table 
5). 

Table 4: Renewable targets in EU North Mediterranean Countries [1] 

 

5. OFFSHORE WIND ENERGY IN EUROPE 
Offshore wind accounts for a little more of 1÷2 % of total installed wind power 

capacity in the world, and development has taken place mainly around the North and the 
Baltic Seas (Belgium, Denmark, Germany, Ireland, Netherlands, Sweden and the UK). 
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Table 5: Targets renewable development in South Mediterranean countries [1] 

 

Since the 1992 first wind farm in Vindeby (Denmark) at a site with 10 m water 
depth offshore wind energy has grown up to 1.42 GW of 2008 (Table 6) in 20 m water 
depth range with considered target of 8.15 GW for 2012 in 20÷40 m water depth range 
and no further than 20 km from the coast to minimize the costs of foundations and 
electric connections to onshore grid. 

Table 6: Offshore wind energy in the world up to 2012 [3] 
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However deeper water foundations, longer subsea electric cable with distance from 
the coast and larger size /marinized wind turbines are under development. 

Large size wind turbine data are given in Table 7. Turbines with rotor diameter 
(r.d.) close to 100m are already commercial; the ones with r.d. up to 126 m are starting 
to be commercial, turbines with r.d. over 126÷170 m are under development. 

Installed costs of offshore and onshore wind farm are increased in recent years. 

Table 7: Wind Turbine data: Power Over 3 MW 

 
(Source: Manufacturer publications) 

Abbreviations: SG = synchronous generator; pm SG = permanent-magnet SG; ASG 
= asynchronous generator; df ASG = doubly fed ASG. Explanations: *1 = in 
planning: 3.6sl with 111 m rotor diameter (9.677 m2); *2 = prototype with 6 MW in 
operation since Nov 2005; *3 = Multibrid M5000: 313 t steel + 825 t concrete; *4 = 
Enercon E-112: concrete; *5 = in planning; *6 = prototype with 100 m rotor 
diameter in operation since April 2002 in Barrax (Spain) 

Price of onshore wind farms have been in the range of 2.0÷2.2 million Euro/MW for 
a near- shore, shallow water sites, (Fig.12).  

New offshore wind farms in deep waters are expected be in the range of 2.5÷3.5 
million Euro/MW for the more expensive foundations, transformer station and sea 
transmission cables. 

Shallow waters, near shore wind electricity ranges from 60÷80 Euro/MWh, (Fig. 13) 
[3], mainly due to small sea depth and distance from shore and low investment costs. 

In 2008 the cost range of onshore wind electricity has been close to thermal 
production, while calculated cost of offshore winds electricity, with installed cost of 
3000 Euro/ MW, resulted 70÷100 % higher, (Fig. 9) (2).  
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Within 2015 by the strong research and development effort under way the offshore 
electricity cost in deep waters will be close to the onshore application and will 
overcome the market forecast of Risoe, (Fig. 14) [3]. 

 

Fig. 12: Prices of offshore wind farms [3] 
Fig. 13: Calculated electric. cost (€/MWh) 

for selected offshore wind farms, 
including balancing cost (2006 prices) [4] 

 
Fig. 14: Global wind power market 2008 - 2012 (Mil. US$) [3] 

6. OFFSHORE WIND ELECTRICITY IN MEDITERRANEAN 
Commercial onshore wind applications have started in North Mediterranean 

countries at beginning of 1990, after about 10 years of development mostly in North 
European countries. 

Ten years later exploitation of onshore wind has started in South Mediterranean 
countries. 

Today onshore wind energy capacity in Mediterranean countries has reached 30 GW 
(Table 8), but only half of this figure is really in Mediterranean area, because of large 
Spain and France wind applications on their Atlantic side regions. 
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Up to now no offshore wind plant are operating in Mediterranean waters even 
thought projects are under authorization for Spanish and Italian coasts, where in the 
Brindisi deep waters a tension leg floating platform with a 80 kW wind turbine has been 
tested in 2008 as a prototype of 90 MW offshore wind farm.  

In Italy ENEA and later on OWEMES Association have organized six triennial 
European Seminars on offshore wind energy since 1994 and CESI-Ricerca (now ERSE) 
of ENEA has produced the first Italian offshore wind Map. 

After the above general information on the energy framework it would be useful to 
give a preliminary evaluation of the offshore wind potential for the Mediterranean 
countries starting by the explorative author’s paper of 1992 [8] by the following 
methodology. 

Table 8: Mediterranean countries: Onshore wind power 

 

6.1 Methodology 
Up to now only preliminary and partial evaluations have been carried out of marine 

(in general offshore) wind potential; then it would be necessary to develop such project 
for each coastal country and for the whole basin within the framework of a proposed 
Mediterranean Sea Management Plan. 

The offshore wind potential evaluation is carried out according a methodology based 
on wind turbine characteristics, marine foundation technology, site wind regimes, 
morphology of the sea bed, limits by other use of the sea, Environmental / landscape / 
social impact, marine infrastructures (port, transport, electric grid connection, 
assembling and maintenance services, etc.). 

Offshore wind areas result by overlapping and connecting the features of many 
specific maps/ charts of the above items. Offshore wind speed maps are generated by 
atmospheric circulation models and wind data, taken by a network of reference 
meteostations. 
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In general wind speed data are obtained by anemometers on the coast at different 
height a.g.l., by ship observations and at certain distance offshore (10÷20 km) by 
satellite radar instruments on sea surface. Only few wind data are available by buoys 
(10 m a.s.l.) or marine anemometric towers at various heights above sea level. 

Offshore wind maps have been presented in 2006 by Eed (Fig. 15) and Lavagnini 
within the E.C. Nostrum Project for the whole Mediterranean Basin [5], at heights of 
50, 60, 85 m a.s.l.; previously (1989) Risoe Nat. Lab DK [6], as produced an offshore 
wind map (Fig. 16) only for the North Mediterran. Countries: Spain, France, Italy, 
Dalmatian coast, Greece at 10, 25, 50,100,200 m a.s.l. 

In 2006 a more specific offshore wind map of Italy has been published by Erse [7]. 

 
Fig. 15: Mediterranean offshore wind map at 60 m height a.s.l. 

- Nostrum Project EED – France 2006 [5] 

 
Fig.16: European wind resources on open sea Risoe National Labs [6] 

Sea bed areas for offshore wind applications are obtained by considering the 
distance from the coast and water depth, excluding those areas with contrasting uses and 
marine protected parks. 

In Mediterranean Sea the wind electricity potential can be evaluated for three 
conditions of water depth (wd) and coast distance (L): 1- Near shore sites: wd 0 ÷ 30 m, 
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L 4 ÷ 10 km; 2- Far shore sites: wd 30 ÷ 50 m, L 10 ÷ 20 km; 3- Offshore sites: wd 50 ÷ 
200 m, L > 20 km. 

Bathymetric and sea bed geological Charts of coastal Mediterranean countries, 
available by national and international maritime services, give the water depth, slope 
and morphology of sea bed for the offshore turbine foundation. The International 
Bathymetric Chart of Mediterranean (IBCM) is shown in Fig. 17. 

Other maps are giving: navigation route; special fishing areas; radar sectors; oil /gas 
platforms oil/gas/electric pipes and cables; protected areas for fish, birds, marine 
biology; protected coastal landscape; other uses. 

 
Fig. 17: IBCM- International bathymetric chart of Mediterranean 

Offshore wind turbine, derived in a first time by onshore technology, is now going 
to a specific configuration development with increased size, corrosion protection, lower 
frequency repair and maintenance schedule and different types of foundation according 
to water depth. 

Wind turbine power curve indicates electricity generation from 3÷4 to 25 ÷30 m/sec 
with the rating power of 11 a 14 m/sec at hub height. The annual wind turbine 
electricity yield derives from the site mean annual wind speed at hub height and its 
frequency distribution. The turbine offshore turbine load factor (equivalent hours of 
generation at turbine rating power) is about 0.25 in Mediterranean Sea. 

In general gravity, monopile foundations are used for water depth up to 20÷30 m; 
suction bucket, tripod, jackets structure up to 50 m, spar buoy and floating tension leg 
up to 700 m according the anchoring systems. 

Offshore wind potential can be evaluated by choosing marine areas with water depth 
(Bathymetric charts) with best winds (Wind Maps; min. annual mean wind speed 6 
m/sec at hub height) with exclusion of the areas containing limitation of uses. 

To reduce the visual intrusion impact the minimum distance of wind farms from the 
coastline should be over 3 nautical miles (about 5.5 km). In narrow water space of gulf 
the reference line should be the virtual line connecting the extreme capes of the gulf. 

6.2 Results 
According to the above given methodology and the turbine wind size of 1992 

Gaudiosi [8] carried out a very preliminary evaluation of the near shore wind potential 
for the all the Mediterranean coastal countries assuming the conditions given in Table 
10. 
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Table 9: Near shore Wind Potential 1992 [8] 

 
- Correction for Albania 1344 MW instead of 134 MW 
- Correction for equivalent hours to rating power from 0.13 to 0.22 (factor 1.7); 
  then 54÷280 TWh/year will be corrected to 93÷ 376 TWh/year. 

In terms of power was estimated 42÷230 GW and a corrected value 75÷414 
TWh/year in terms of electricity generation at equivalent rating power for 1800 h/year 
(Load factor 0.2), higher of value considered in Table 10. The result gives 2.3÷12.5 % 
of total electricity generation 3.289 TWh/year by 2030. 

Table 10: Mediterranean countries: Onshore Wind Power, Nearshore Wind Potential 
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Today, after about 20 years, larger offshore wind turbine and foundation systems are 
available for water depth up to 50m and floating platforms are under development for 
water depth up to more than 200 m bringing the potential of coastal and offshore areas 
to much higher values, perhaps twice those values, that means 4.6÷25 % of electricity 
generation by 2030. 

As shown in Table 8 and 10 the total onshore wind power has reached about 30 GW 
at 2010 start, with about 50 TWh/year electricity generation at equivalent rating power 
generation for 1800 h/year.  

It is possible to consider twice that value by 2030, and then the total wind power 
(onshore and offshore) could be of order of magnitude 250÷ 928 TWh/year, 7.5÷28 % 
of total electricity generation 3289 TWh/year by 2030 in Mediterranean countries. Real 
offshore electricity contribution could be between the two values and most probably 10 
%. 

In the case of real exploitation of such amount of onshore and offshore wind with 
other renewable electric power (Solar,.), due to large distance between demand and 
production areas, and to intermittent generation of electricity in existing not integrated 
grids of Mediterranean countries (Fig. 18), it is necessary to connect and upgrade them 
as shown schematically in Fig. 19.  

New Interconnection Projects should exploit further Electric grid connections 
among Mediterranean coastal countries to allow the transfer of large amount of onshore 
and offshore wind electricity. 

 
Fig. 18: Existing south-north electricity interconnections in the Mediterranean [1] 

7. CONCLUSION 
Future increase of energy demand of South Mediterranean countries, 

decarbonisation of electricity, particularly requested by North Mediterranean countries 
for the climate change effects, global market enlargement for fossil fuels at increasing 
prices are pushing the demand of renewable electricity, among which offshore wind that 
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could have a significant role, even though up to now it has been disregarded by the 
Mediterranean Energy National Authorities in their Energy Plans. 

Since the very preliminary past evaluations the Mediterranean offshore wind 
potential looks promising and effective to increase the percentage of renewable on total 
electricity from 7 % to more than 10 %. 

The Mediterranean Solar Plan (PSM) lunched in 2008 by the Union for 
Mediterranean will cover Offshore Wind in near future and then a more specific 
offshore wind potential evaluation has to be carried out for all the Mediterranean 
countries to complete the results of the 2004 EU-Nostrum and of 2006 OME-MAP 
Projects [9]. 

 
Fig. 19: European / Mediterranean countries: expected electric grid connections [1] 
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