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1. Introduction 

This paper represents the study on the state of the art of the renewable energy sector 

in the Adriatic Ionian coastal-marine area.  It is a part of technical activities from the work 

package 2 (third activity) of the ENERCOAST project, which takes part of the project group 

Med-Maritime Integrated Projects. This activity is coordinated by Cortea s.c.r.l.  

The main aim of the ENERCOAST project is to present a deep analysis of the 

Adriatic Ionian coastal-marine area regarding existing technologies supporting the 

exploitation of renewable energy sources. The final data used in this document was obtained 

through various sources like: internet pages affronting the topic of RES, available information 

of different energy agencies (regional, national, European), database of research institutes, 

results obtained within previous EU project affronting this topic. Furthermore, data used in 

writing this study was also partially taken from the first activity of the same work package 

(2
nd

)-data collection. GOLEA was responsible to design common questionnaires on renewable 

installations and their potential on the territory, which was sent to all partners to fill with 

information required.  

The results obtained by this transnational project should contribute to the Blue 

Growth in the Adriatic-Ionian region. The number of available renewable sources is a point of 

beginning, but it is hard to obtain the exact number of all installations available because there 

is no an official list and that makes harder to reach the final number. Potential is important to 

understand the real functionality of existing installations and their efficiency.  This data can 

help to further improve installations and to define the best locations for their installment.  

Potential can be measured in many ways, depending on technology to be used: collecting the 

real data of already existing installations for any technology, obtaining the data on yearly 

solar radiation for determined territory regarding technologies of solar energy, yearly wind 

average velocity for wind energy, yearly average current speed velocity and within yearly 

average of sea water temperature for marine energy. For some technologies it is also 

important to know average yearly air temperature because it directly affects the potential of 

installation and functionality.  
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Within this project following RES technologies were studied:  

 technologies for exploitation of solar energy – solar heating, solar cooling and 

photovoltaic systems (PV) 

 technologies for exploitation of wind energy – wind turbines (on shore, off shore) 

 technologies for exploitation of marine energy –wave and tidal (< 250 kW), heat pump 

(HP) thermal sea energy    

 

Coastal area is defined by partner’s Member States, and they are: Italy, Slovenia and 

Croatia situated on Adriatic coast and Greece situated on Ionian coast. There are two partners 

from Italy, the Province of Rimini which is also a lead partner, and Cortea s.c.r.l. There is 

GOLEA (Goriška lokalna energetska agencija) from Slovenia, University of Zagabria from 

Croatia and University of Aegan from Greece.  
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1.1 Renewable Energy Sources (RES) in general 

Energy consumption is in constantly increase, but the problem lays in fact that the 

consumption of fossil fuels raised. International Energy Agency (IEA) is drawing attention to 

the problems of fossil fuels consumption and calls for international consciousness to cut GHG 

emissions. Energy consumption in the last decade is not sustainable and serious measures 

must be taken into account. Pollution, GHG emissions, rising energy demand and high import 

dependency of energy are the core of energy problems in EU.  

Renewable Energy Sources (RES) are supporting the development of the sustainable 

energy and because of that they are seen as the best long term response on conventional 

energy sources (CES) increase. Sustainable energy comprises two key components: energy 

efficiency (EE) and RES. The investments in EE and RES are highly important since RES 

causes less or no pollution, enables use of local resources, lowers import dependency and 

increases EU competitiveness at the same time.
1
 

These goals are supported through Europe 202020 objectives which require 20% of 

RES in EU by 2020. The second one is renewable energy Directive (2009/28/EC) which 

imposed to Member States to submit NREAP’s (National Renewable Energy Action Plans) by 

the 30
th

 June of 2010. Member States had to set out the national targets, the technology mix 

they expect to use, the trajectory they would follow and the measures and reforms they would 

undertake to reach the common goal.  

Despite of high awareness on this problem of high energy consumption and 

dependence on fossil fuels, potential of RES in Member States is not taken appropriately into 

account regarding their NREAP’S and because of that the results cannot be satisfactory. In 

fact, a lot of Member States cannot reach their goals and there is no present a decrease in RES 

usage despite the fact that there is a huge (unused) potential. 

The aim of this study is to enable further growth of sustainable energy sector, energy 

consumption and RES share on the Mediterranean coast including following countries: Italy, 

Slovenia, Croatia and Greece.  
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5 Technologies for exploitation of solar energy-solar heating, solar cooling 

and photovoltaic systems (PV) 

 

5.1 EU level  

 

Solar energy is radiant light and heat from the sun harnessed using a range of ever-

evolving technologies such as solar heating, photovoltaics and solar thermal 

energy.  

The European Union remained the main focus of solar photovoltaic installation in 

the world in 2012, but it accounted for only a half of the global market, 58%. 
2
 At 

the end of 2012 the installed capacity in the European Union was 68 902 MWp. It 

covers more than 2% of European Union energy consumption.  

Germany is a leader in photovoltaic system for years, followed by Italy and 

France. But recently, in the last 3 years there is present a decrease in installation.  

Italy launched its programme at the beginning of 2013 called Conto Energia for 

fed in tariffs regarding photovoltaics, and the France invested a lot in new plant 

installation of big scale plants and keep to maintain its high status in the field.  

As the major losses of the sector’s large group testify, the current market price 

level does not square with the sector’s real production coasts, but is explained by 

prevailing over production. 
3
 

Regarding to the electricity market price trends in Europe, it has become inevitable 

that solar electricity should compete with other “conventional” production sectors. 

The reason is that European Union sector is coming to the end of a cycle, so that 

enables it for further development on the same basis as before.  

 

Table 1 Connected and cumulated PV capacity in the EU countries at the end of 2012 (MWp) 

Country On grid Off grid Total (MWp) 

Italy 16 420.0 11.0 16 431.0 

Slovenia 217.3 0.1 217.4 

Croatia 3.9 0.5 4.4 

Greece  1 536.3 7.0 1 543.3 

 

 

 

 

                                                           
2
 http://www.energies-renouvelables.org/observ-er/stat_baro/barobilan/barobilan13-gb.pdf  

3
 http://www.energies-renouvelables.org/observ-er/stat_baro/barobilan/barobilan13-gb.pdf 

http://www.energies-renouvelables.org/observ-er/stat_baro/barobilan/barobilan13-gb.pdf
http://www.energies-renouvelables.org/observ-er/stat_baro/barobilan/barobilan13-gb.pdf
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Table 2 Electricity production from solar PV power in EU in 2012 (GWh) 

Country Total production (GWh)  

Italy 18.862  

Slovenia 163 

Croatia 2.3 

Greece 1.232 

 

The market for solar thermal system designed to produce hot water and heating is struggling 

to gain a new lease on life in Europe.  Southern Europe enjoys the highest solar thermal 

potential. But on the other hand the recession combined with the construction sector crash is 

slowing development, even despite of the implementation of encouraging technical standards. 

Solar thermal market is on an upswing in Greece caused by the increase in energy prices.  

Table 3 Annual installed surfaces in 2012 

Country Total m3 Equivalent power (MWth) 

Italy  330 000 231.0 

Slovenia 13 493 9.4 

Croatia  19 000 13.3 

Greece 243 000 170.1 

The uncertain economic environment has postponed solar thermal market recovery. The 

growth potential in Italian and French markets is high, but economic and financial crisis are 

having a greater effect. In Italy, “Conto Termico” could revive the internal market.  

The European Union will be at pains to achieve half its combined NREAP targets. 
4
  

Figure 1 Global horizontal irradiation in Europe 

 

 

                                                           
4
 http://www.energies-renouvelables.org/observ-er/stat_baro/barobilan/barobilan13-gb.pdf 

http://www.energies-renouvelables.org/observ-er/stat_baro/barobilan/barobilan13-gb.pdf
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5.2 National level-Italy  

 

Solar power has been increasing rapidly in recent years in Italy. And the 

country is ranking among the world’s largest producers of electricity from 

solar power.  Installed photovoltaic capacity has increased and 2013's year-

end capacity was 17,928 MW.  Solar power accounted for 7% of the 

electricity generated in Italy during 2013 (ranked 1st in the world).  

Energy production from photovoltaics was 18,800 GWh in 2012. More than a 

fifth of the total production came from the southern region of Apulia and from 

Emilia-Romagna. The annual energy production from solar PV in Italy ranges 

from 1,000 to 1,500 kWh per installed kWp. 
5
 A 2013 report by Deutsche 

Bank concluded that solar power has already reached grid parity in Italy.
6
 

 

The largest photovoltaic power station in Italy is based in Montalto di Castro 

in Viterbo province, called the Montalto di Castro Photovoltaic Power 

Station.  It was built in several phases but the last phase was completed in 

December of 2010 with the total capacity of 85 MW.  

 

Solar energy covered 7.53% of Italy's electricity needs, showing solar PV 

generated a record 23.299 GWh of power in 2014
7
. This is the highest level of 

PV penetration in the world, and all thanks to generous subsidies over the 

years. This made Italy’s solar power as attractive proposition for foreign 

investors and private firms.  Such a solar-friendly investment environment 

pulled in more than €50 billion in solar investment over the past five years, 

bringing some 17 GW of additional PV capacity over that period.
8
 

 

Currently, Italy has 19 GW of PV capacities. Italy has a living and dynamic 

PV industry which is reinventing itself by developing new applications, which 

will soon be boosted by the progress in energy storage solutions, targeting a 

                                                           
5
 "Rapporto Statistico 2010" (PDF). Statistiche sulle fonti rinnovabili. Gestore Servizi Energetici (GSE). Retrieved 4 

January 2012.  
6
 Michael Graham Richard (8 April 2013). "Solar power has reached grid parity in India and Italy". Retrieved 10 

June 2013. 
7
 http://www.pv-magazine.com/news/details/beitrag/italy-to-omit-solar-from-new-renewable-incentives-

plan_100017934/#axzz3cYLTkY7q 
8
 http://www.pv-magazine.com/news/details/beitrag/italy-to-omit-solar-from-new-renewable-incentives-

plan_100017934/#axzz3cYLTkY7q  

http://www.gse.it/_layouts/GSE_Portal2011.Structures/GSEPortal2011_FileDownload.aspx?FileUrl=http://www.gse.it//it/Dati%20e%20Bilanci//GSE_Documenti%2fosservatorio+statistico%2fStatistiche+Rinnovabili+2010.pdf&SiteUrl=http://www.gse.it//it/Dati%20e%20Bilanci/
http://www.pv-magazine.com/news/details/beitrag/italy-to-omit-solar-from-new-renewable-incentives-plan_100017934/#axzz3cYLTkY7q
http://www.pv-magazine.com/news/details/beitrag/italy-to-omit-solar-from-new-renewable-incentives-plan_100017934/#axzz3cYLTkY7q
http://www.pv-magazine.com/news/details/beitrag/italy-to-omit-solar-from-new-renewable-incentives-plan_100017934/#axzz3cYLTkY7q
http://www.pv-magazine.com/news/details/beitrag/italy-to-omit-solar-from-new-renewable-incentives-plan_100017934/#axzz3cYLTkY7q


 
 

7 
 

series of new markets, applying new business models for the "navigation" in 

the post-incentive era.
9
 

 

On the next page is presented an additional research made by Cortea s.c.r.l for 

the solar potential of the Italian part of Adriatic coast.  

 

Cortea did the additional estimation of the potential use of solar energy, 

precisely ‘ESTIMATION OF COVERED AREAS EXPOSED TO SOUTH 

ALONG THE ADRIATIC COAST’, for the Italian part of the Adriatic coast. 

The estimation was conducted to evaluate the surface of roofs facing south on 

the Adriatic and Ionian coasts. The assessments are used to a coastal strip up 

to a maximum of 3 km from the coastline. The first assessment was made 

recently, including an area of about 9 km2, for each sheet in scale 1: 50,000, 

taking into account the CTR coastal scale of 1: 5,000. In this way it was 

possible to extrapolate the covered area, and the dimensionless parameter R, 

which represents the percentage of covered area on the surface of the total 

reference. Therefore, through this parameter was possible to estimate the 

surface area along the coastline of interest. This type of approach has been 

applied to the regions of Friuli Venezia Giulia, Veneto and Emilia Romagna 

thanks to its wide availability and accessibility of data. The parameter R has 

been commensurate with the population density present on the coastal part so 

as to derive an indicator S which put in correlation the surface covered with 

the population density. Once the S parameter was calculated it has been 

extended to the rest of the coastal regions, thus obtaining the total surface area 

of reference, with the result of 8.4%. On the length of the coast, which 

amounts about 1600 km, for a band to 3km inland was estimated a rate of 

about 2.1% of covered area with the roofs exposed to the south, actually 

usable. The area available for the uses of solar power on the roofs of the 

Italian coastline is therefore of about 100 km2.  

Within this surface hypothetically could be set up systems that use solar 

energy with different technologies; in the case of solar cooling if all this area 

was used for purposes of refrigeration, using the coverage ratio, considered 

above and assigning 10% of the concrete realization, you might have plants 

with a total cooling capacity of about 3,000 MWf. 

 

Average of global horizontal irradiation for Italian coast is around 1.300-

1.800kwh/m2. This can be seen in the map attached bellow together with the 

yearly average temperature.  

                                                           
9
 http://www.pv-magazine.com/news/details/beitrag/pv-in-italy-still-a-good-

investment_100017563/#axzz3cYLTkY7q  

http://www.pv-magazine.com/news/details/beitrag/pv-in-italy-still-a-good-investment_100017563/#axzz3cYLTkY7q
http://www.pv-magazine.com/news/details/beitrag/pv-in-italy-still-a-good-investment_100017563/#axzz3cYLTkY7q
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Table 4 Yearly average air temperature Italy
10 

(C°) ANNUAL JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEARS CITIES 

Average 

temperature  

 

13,5 

 

5,7 

 

6,5 

 

8,6 

 

11,7 

 

15,7 

 

19,5 

 

22,4 

 

22,4 

 

19,5 

 

15 

 

10,3 

 

6,9 

 

33 

 

196 

Average high 

temperature 

 

17,7 

 

9 

 

10,1 

 

12,6 

 

15,9 

 

20,3 

 

24,3 

 

27,3 

 

27,2 

 

24 

 

19 

 

13,8 

 

10,1 

 

 

26 

 

185 

Average Low 

temperature  

 

9,5 

 

2,6 

 

3,1 

 

4,8 

 

7,4 

 

11,2 

 

14,8 

 

17,4 

 

17,5 

 

15 

 

11,1 

 

6,9 

 

3,8 

 

26 

 

184 

 

Figure 2Global horizontal irradiation for Italy 

 
 

 

 

5.3 National level-Slovenia 

 

Slovenia has no political regions and all regulations are on national level. 

Renewables in Slovenia are supported by the Feed-in tariff decree and the 

National Energy Plan (NEP). The Slovenian Environmental Public Found also 

supports investments in renewable energy with non-commercial loans.
11

 

 

                                                           
10

 All data is downloaded from the website: www.weatherbase.com ; Years is the average number of years 
used to compute the average. # Cities is the total number of locations used to compute the average. 
11

 http://www.solarrok.eu/index.php/regions/slovenia  

http://www.weatherbase.com/
http://www.solarrok.eu/index.php/regions/slovenia
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The PV target of the new NEP is to have 567 MW of PV systems installed in 

2030.  This is not a very ambitious target and from the current market 

development it is expected that the 2030 target could be reached already in 

2020.  

There are no strategic plans for the PV (cell, modules) production industry. 

However, innovation processes are supported by the government through 

Centres of Excellence (CoE), joining partners from industry and R&D 

institutions.
12

 

In Slovenia small solar power plants pays off. By setting up a small solar 

power plant (5kW) on the roof of private house (south-facing 40m2 roof 

surfaces are needed) will cost approximately 10.000 EUR without VAT. In 

the case that one can use 60% of the power for personal needs and sell 40% to 

the electrical grid, one can earn 800 EUR per year.   

Electric power prices are still a social category in Slovenia, which is 

becoming increasingly more difficult to maintain. Electric power prices (in 

particular for households) are significantly higher in neighboring countries 

than they are in Slovenia. While 1 kWh, including all contributions and taxes, 

costs 0.15 EUR in Slovenia, these prices are much higher in Austria, Italy, 

Germany, Hungary, Slovakia, etc., amounting to 0.20 EUR and even 0.25 

EUR and over. 
13

 

 

In the region of Podravje the solar thermal installations are well developed 

and established especially for the private household sector and much less in 

the services sector.
14

 About 3% of households have solar thermal installations 

with an average surface of 5, 9 m2. Industrial solar thermal process heat 

applications are unknown and they do not exist in Slovenia. Solar contracting 

for industrial process heat has to overcome the market barriers for solar 

thermal process heat, for contracting in general and specifically for solar 

thermal contracting. Therefore, market introduction of this instrument 

represent a real challenge, even in countries with well-developed solar 

markets as well as contracting markets.
15

 Average of solar radiation on 

horizontal plane for Slovenian coast is around 1.200-1.450kwh/m2. Technical 

                                                           
12

 http://www.solarrok.eu/index.php/regions/slovenia  
13

 http://www.sol-navitas.com/small-solar-power-plants-pay-off/  
14

 http://www.solar-process-heat.eu/fileadmin/redakteure/So-
Pro/Work_Packages/WP6/6.1_regional_reports_needs/Needs_and_requirements_solar_contracting_Energap_
web.pdf  
15

 http://www.solar-process-heat.eu/fileadmin/redakteure/So-
Pro/Work_Packages/WP6/6.1_regional_reports_needs/Needs_and_requirements_solar_contracting_Energap_
web.pdf  

http://www.solarrok.eu/index.php/regions/slovenia
http://www.sol-navitas.com/small-solar-power-plants-pay-off/
http://www.solar-process-heat.eu/fileadmin/redakteure/So-Pro/Work_Packages/WP6/6.1_regional_reports_needs/Needs_and_requirements_solar_contracting_Energap_web.pdf
http://www.solar-process-heat.eu/fileadmin/redakteure/So-Pro/Work_Packages/WP6/6.1_regional_reports_needs/Needs_and_requirements_solar_contracting_Energap_web.pdf
http://www.solar-process-heat.eu/fileadmin/redakteure/So-Pro/Work_Packages/WP6/6.1_regional_reports_needs/Needs_and_requirements_solar_contracting_Energap_web.pdf
http://www.solar-process-heat.eu/fileadmin/redakteure/So-Pro/Work_Packages/WP6/6.1_regional_reports_needs/Needs_and_requirements_solar_contracting_Energap_web.pdf
http://www.solar-process-heat.eu/fileadmin/redakteure/So-Pro/Work_Packages/WP6/6.1_regional_reports_needs/Needs_and_requirements_solar_contracting_Energap_web.pdf
http://www.solar-process-heat.eu/fileadmin/redakteure/So-Pro/Work_Packages/WP6/6.1_regional_reports_needs/Needs_and_requirements_solar_contracting_Energap_web.pdf
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potential of solar radiation with consideration of all roofs on houses is 8.3x 

10
10

 kWh/year.
16

 

Average day solar irradiation in Ljubljana is 2.96 kWh/m2 and in Koper is 

presented the highest potential of 3.40 kWh/m2. 
17

 

A solar system was built for hotel Zusterna at the seaside. It is used for 

heating of the outdoor swimming pool and was installed during the renovation 

in 2001. The whole roof of indoor swimming pool is used as a solar roof with 

unglazed solar collectors. The cost of the solar collector was only 40.2 €/m2.
18

  

On the next page is presented the table of average annual air temperature for 

Slovenia and the map of horizontal irradiation for Slovenia.  

Table 5 Yearly average air temperature for Slovenia
19 

(C°) ANNUAL JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEARS CITIES 

Average 

temperature  

 

7,9 

 

-1,2 

 

-0,1 

 

3,6 

 

7,2 

 

11,8 

 

15,2 

 

17,4 

 

16,9 

 

13,9 

 

8,8 

 

3,5 

 

-0,1 

 

19 

 

19 

Average high 

temperature  

 

12 

 

1,5 

 

3,4 

 

7,8 

 

11,7 

 

16,5 

 

20,2 

 

22,6 

 

22,1 

 

18,7 

 

12,9 

 

6,4 

 

2,3 

 

20 

 

18 

Average Low 

temperature  

 

3,6 

 

-4,5 

 

-3,6 

 

-0,6 

 

2,4 

 

7 

 

10,3 

 

12,1 

 

11,8 

 

8,7 

 

4,9 

 

0.5 

 

-2,5 

 

20 

 

18 

 

Figure 3Global horizontal irradiation for Slovenia 

 

Although the potential of solar energy is quite high in Slovenia, the utilization of this energy 

is still very low. 

 

                                                           
16

 http://www.beren.sakarya.edu.tr/sites/beren.sakarya.edu.tr/file/1380926992-02-Solarpower.pdf.pdf  
17

 http://www.beren.sakarya.edu.tr/sites/beren.sakarya.edu.tr/file/1380926992-02-Solarpower.pdf.pdf  
18

 http://www.beren.sakarya.edu.tr/sites/beren.sakarya.edu.tr/file/1380926992-02-Solarpower.pdf.pdf  
19

 All data is downloaded from the website: www.weatherbase.com ; Years is the average number of years 
used to compute the average. # Cities is the total number of locations used to compute the average.  

http://www.beren.sakarya.edu.tr/sites/beren.sakarya.edu.tr/file/1380926992-02-Solarpower.pdf.pdf
http://www.beren.sakarya.edu.tr/sites/beren.sakarya.edu.tr/file/1380926992-02-Solarpower.pdf.pdf
http://www.beren.sakarya.edu.tr/sites/beren.sakarya.edu.tr/file/1380926992-02-Solarpower.pdf.pdf
http://www.weatherbase.com/


 
 

11 
 

 

5.4 National level-Croatia  

 

Croatia has infinite resources of sunshine, but still the potential of solar 

energy is not properly exploited. The natural potential of solar energy in 

continental regions of Croatia, with an average insulation of 3.6 kWh/m2, 

amounts to around 74,300 TWh/annum (267.500 PJ/annum.), which is over 

800 times more than the consumption of primary energy in Croatia in 2000.
20

 

The technical potential of solar energy on 1% of the continental part of 

Croatia is estimated at 830 TWh/annum (3,000 PJ/annum) or close to 10 

times the daily consumption of primary energy in Croatia.
21

 

With the presumption that 60% of that energy is used to produce heating 

power and 40 % to produce electricity, we can conclude the following
22

: 

 - The technical potential to produce heating power from solar collectors and 

the use of passive solar energy (solar architecture) amounts to 175 

TWh/annum. (630 PJ/annum); 

 - The technical potential to produce electricity from photovoltaic (PV) 

systems and solar thermal power plants amounts to around 33 TWh/annum. 

Electricity produced from solar energy in photovoltaic systems and solar 

thermal power plants could become economically viable around 2020. With 

the use of a little less than 1% of the technical potential, the economic 

potential to produce solar electricity would amount to around 0.3 

TWh/annum, which is the equivalent of around 200 MWe electricity power.
23

 

Table 6 Comparison of radiated solar energy on an optimally slanted sheet in various selected areas in Croatia and 
Europe  

Location Yearly average of emitted energy 

kWh/m
2
d 

Croatia: South Adriatic coast 5,0-5,2 

Croatia: North Adriatic coast 4,2-4,6 

Croatia: Continental part 3,4-4,2 

Central Europe  3,2-3,3 

North Europe 2,8-3,0 

South Europe 4,4-5,6 
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 http://www.cavtatportal.com/uploads/7/0/4/2/7042342/renewable_energy_in_croatia_-
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21
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It is presumed that the growth rate in exploiting photovoltaic systems will be 

around 68% per annum to 2020 and by 2030 this rate should be around 20% 

per annum.  

 

Average of solar radiation on horizontal plane on Croatian coast is around 

1.300-1.600 kwh/m2.   

Below is presented the average yearly air temperature for Croatia and the map 

of horizontal irradiation:  

Table 7 Yearly average air temperature for Croatia 

(C°) ANNUAL JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEARS CITIES 

Average 

temperature  

 

12,5 

 

3,8 

 

4,6 

 

8 

 

11,5 

 

16,1 

 

19,8 

 

22,2 

 

21,8 

 

18,4 

 

13,8 

 

8 

 

4,4 

 

27 

 

39 

Average high 

temperature  

 

16,6 

 

6,5 

 

8 

 

11,9 

 

15,6 

 

20,3 

 

24,2 

 

27,1 

 

26,6 

 

22,8 

 

17,6 

 

11 

 

7,9 

 

21 

 

37 

Average Low 

temperature  

 

8,7 

 

0,9 

 

1,4 

 

4,1 

 

7,3 

 

11,7 

 

15,2 

 

17,3 

 

17 

 

13,6 

 

9,8 

 

4,8 

 

2 

 

22 

 

37 

 

Figure 4 Horizontal irradiation for Croatia 
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Total solar energy in Coatia until 2010 was 0,51 PJ, estimation up to 2020 is 

around 5,27 PJ and up to 2030 is around 13,87 PJ. Croatia is geographically 

positioned allowing high energy efficiency in solar energy, so the incentives 

should be more encouraged within the Government. Long-term incentives to 

use solar heating systems and photovoltaic systems will have a positive effect 

for the further development.  This technology is still expensive in Croatia.  

But, Croatia firstly has to change its mindset regarding renewables and to 

look at it as a target imposed by the European Union.  

 

 

 

5.5 National level-Greece 

 

Development of solar power in Greece started in 2006.  Until 2009 there was 

a “big boom” for rooftops PV, but this mechanism overheated the market 

creating a big deficit of more than 500 million euros in the Greek "Operator of 

Electricity Market". For that reason market couldn't be sustained, since 

August 2012 when new regulations have been introduced including a 

temporary tax imposed to all operating photovoltaic power stations 

(residential applications excluded) and licensing of new PV projects have 

been put on halt and the feed-in tariffs were drastically reduced.
24

 

 

By December 2013, the total installed photovoltaic capacity in Greece had 

reached 2,419.2 MWp from which the 987.2 MWp were installed in the 

period between January-September 2013 despite the unprecedented financial 

crisis. Greece ranks 5th worldwide with regard to per capita installed PV 

capacity. It is expected that PV produced energy will cover up to 7% of the 

country's electricity demand in 2014.
25

  

 

The cheapest solar power type in Greece is photovoltaic. There is present an 

increase in exploitation of solar energy in the year of 2014. First reason is the 

new legislative framework that will introduce ways to fast-track more solar 

projects, and the second one is collapse in the price of PV panels over the last 

two years. More than 90 percent of Greece's solar plants have been built in the 

past three years.  

 

                                                           
24

 http://helapco.gr/en/the-greek-pv-market/  
25

 http://en.wikipedia.org/wiki/Solar_power_in_Greece  
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Greece's renewable energy sector has enormous potential, but legal and 

administrative obstacles have slow down further development. Major 

investment is still lacking. The country has ideal conditions for both the wind 

and the solar sector, but feed-in tariffs have been significantly reduced and 

disillusionment has set in. The problem is local administration.  

The Greek government has been working on the modernization of the 

country's legal framework for years, in an attempt to promote renewable 

energies. Their efforts have met with success (at least on paper) but it's the 

implementation that has been lacking. 
26

 

 

Average of solar radiation on horizontal plane in Greece-Ionian coast is 

around 1.400-1.900 kwh/m2.  

On the following page is presented the average yearly air temperature for 

Greece and the map of horizontal irradiation;  

Table 8 Yearly average air temperature for Greece 

(C°) ANNUAL JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEARS CITIES 

Average 

temperature  

 

16,9 

 

8,7 

 

9,3 

 

11,3 

 

14,7 

 

19,2 

 

23,6 

 

25,9 

 

25,7 

 

22,5 

 

18 

 

13,7 

 

10,4 

 

38 

 

83 

Average high 

temperature  

 

21,1 

 

12,4 

 

13 

 

15,2 

 

18,8 

 

23,5 

 

28,1 

 

30,4 

 

30,4 

 

27,2 

 

22,3 

 

17,6 

 

13,9 

 

33 

 

72 

Average Low 

temperature  

 

12,1 

 

5,2 

 

5,5 

 

7 

 

9,7 

 

13,5 

 

17,4 

 

19,8 

 

19,8 

 

17,1 

 

13,6 

 

9,9 

 

7 

 

33 

 

72 

 

Figure 5 Horizontal irradiation for Greece 
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 http://www.dw.de/renewable-energy-a-way-out-for-greece/a-17595150  
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5.6 Future development 

 

The territory in question has a huge potential in solar energy, but 

unfortunately, not exploited equally by each state. Italy is the best one, but 

still Photovoltaics are present in higher rates than any other solar power 

technology. Other technologies should be more advertised and there is a need 

to include the society into the process. Also, the investment costs should be 

reduced. Other technologies can be better way of using the potential in 

touristic zones of the involved countries.  

 

 

2.7 TRL – Technology readiness level  

Indicators and indices for evaluation of technology readiness levels 

Solar cooling, small dimension 

P < 100 kW 

INDICATOR INDEX 

From    1  (minimum ) 

to     10    (maximum) 

A - State of the art of the technical and scientific research  :  

 

Requirements of technical and scientific research,  applied to the 

considered technology 

 

-- 

 

A 1 . Level of technological efficiency, in terms of production, or yields  

  

1   = very low efficiency 

10 = very high efficiency 

6 

A 2 . level of effectiveness of the principal materials and components: 

durability, efficiency, maintenance over time 

 

1    = very low effiectiveness 

10 = very high effiectiveness 

6 

A 3 . Energy efficiency:  internal  energy consumption, energy balance, LCA 

– Life Cycle Assessment- , 

1    = very low effiectiveness 

10 = very high effiectiveness 

5 

A 4 – needs of validation of the process or technology in laboratory conditions 

 

1    = very low needs   

10 = very high needs   

8 

  

B - State of the art of the technological development: 

 

Requirements of transfer activity   

 

-- 

B 1 .  Needs to develop pilot activities in controlled environments 

 

1    = very low needs   

10 = very high needs   

8 

B2  . Needs to develop pilot activities in production  environments 

 

1    = very low needs   

10 = very high needs   

8 

  

C -  Sustainability 

 

 

-- 
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Needs for improvement of overall sustainability levels  
 

C 1 . excellence  of environmental aspects  

 

1    = very low levels 

10 = very high levels 

6 

C 2.  excellence  of economic aspects 

 

1    = very low levels 

10 = very high levels 

4 

C 3.  excellence  of social aspects 

 

1    = very low levels 

10 = very high levels 

8 

  

D Market and commercial issues  
 

New activity for market penetration 

-- 

D1 Actual diffusion of the technology on the market 

Number  of plants and  facilities on the considered territory  

From 0 (none plants) to 10 (high number of plants)  

 

 

1 

D21.  Certification requirements and regulatory compliance 

 

1    = very low needs   

10 = very high needs   

8 

D 3.  level or needs of patenting 

 

1    = very low needs   

10 = very high needs   

8 

D 4.  Communication : launch ,  market penetration and diffusion 

 

1    = very low needs   

10 = very high needs   

10 

D 5. Training for company and stake holders 

 

1    = very low needs   

10 = very high needs   

10 

 

Solar cooling, medium dimension 

P >100 kW < 500 kW 

INDICATOR INDEX 

From    1  (minimum ) 

to     10    (maximum) 

A - State of the art of the technical and scientific research  :  

 

Requirements of technical and scientific research,  applied to the 

considered technology 

 

-- 

 

A 1 . Level of technological efficiency, in terms of production, or yields  

  

1   = very low efficiency 

10 = very high efficiency 

8 

A 2 . level of effectiveness of the principal materials and components: 

durability, efficiency, maintenance over time 

 

1    = very low effiectiveness 

10 = very high effiectiveness 

8 

A 3 . Energy efficiency:  internal  energy consumption, energy balance, LCA 

– Life Cycle Assessment- , 

1    = very low effiectiveness 

10 = very high effiectiveness 

7 

A 4 – needs of validation of the process or technology in laboratory conditions 

 

1    = very low needs   

10 = very high needs   
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6 

  

B - State of the art of the technological development: 

 

Requirements of transfer activity   

 

-- 

B 1 .  Needs to develop pilot activities in controlled environments 

 

1    = very low needs   

10 = very high needs   

5 

B2  . Needs to develop pilot activities in production  environments 

 

1    = very low needs   

10 = very high needs   

6 

  

C -  Sustainability 

 

Needs for improvement of overall sustainability levels  
 

 

-- 

C 1 . excellence  of environmental aspects  

 

1    = very low levels 

10 = very high levels 

8 

C 2.  excellence  of economic aspects 

 

1    = very low levels 

10 = very high levels 

7 

C 3.  excellence  of social aspects 

 

1    = very low levels 

10 = very high levels 

8 

  

D Market and commercial issues  
 

New activity for market penetration 

-- 

D1 Actual diffusion of the technology on the market 

Number  of plants and  facilities on the considered territory  

From 0 (none plants) to 10 (high number of plants)  

 

 

1 

D21.  Certification requirements and regulatory compliance 

 

1    = very low needs   

10 = very high needs   

8 

D 3.  level or needs of patenting 

 

1    = very low needs   

10 = very high needs   

6 

D 4.  Communication : launch ,  market penetration and diffusion 

 

1    = very low needs   

10 = very high needs   

10 

D 5. Training for company and stake holders 

 

1    = very low needs   

10 = very high needs   

10 
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3.  Technologies for exploitation of wind energy-wind turbines (on shore-

off shore) 

3.1 EU Level  

 

Wind power is the leading technology between RES installations in the EU; it 

has the highest rate for new installations in 2014. It accounts for 43.7% of total 

2014 power capacity installations. 11,791.4 MW of wind power capacity 

(worth between €13.1bn and €18.7bn) was installed in the EU during 2014, an 

increase of 3.8% compared to 2013 annual installations.
27

  

 

Installed wind power capacity in the EU has reached 128.8 GW. Furthermore, 

wind power capacity had the most new capacity installed since 2000 between 

all RES technologies. Annual installations are in constantly increase during the 

last 14 years with the annual growth rate of 9.8%. Wind power’s share of total 

installed power capacity has increased five-fold since 2000; from 2.4% in 2000 

to 14.1% in 2014.
28

 

 

Onshore wind installations are still more used with the total capacity of 120.6 

GW, and off shore installations only 8 GW. The main reason why the off shore 

installations are not interesting is because the investment cost are 80% higher 

than with on shore installations. Off shore wind installations are mainly 

situated in Atlantic Ocean and Nord Sea. The countries with offshore 

installations are Germany (5), UK (4) and Belgium (1). No significant 

developments are expected in the Mediterranean Sea in the short term. 

 

Germany remains the EU country with the largest installed capacity followed 

by Spain and the UK. 60% of new installations in 2014 were from the 

Germany and the UK. Italy, which had a large market, saw its rates of wind 

energy installations in significant decrease in 2014 with 75.4%.  

 

Despite the good results in wind energy in the last decade, 2014 shows the 

negative impact of market. This is mainly caused by the destabilized legislative 

frameworks for wind energy and political uncertainty what is clearly visible 

                                                           
27

 EWEA-Annual-Statistics-2014.pdf : 
http://www.ewea.org/fileadmin/files/library/publications/statistics/EWEA-Annual-Statistics-2014.pdf  
28

 EWEA-Annual-Statistics-2014.pdf : 
http://www.ewea.org/fileadmin/files/library/publications/statistics/EWEA-Annual-Statistics-2014.pdf 

http://www.ewea.org/fileadmin/files/library/publications/statistics/EWEA-Annual-Statistics-2014.pdf
http://www.ewea.org/fileadmin/files/library/publications/statistics/EWEA-Annual-Statistics-2014.pdf
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through undermining investments. Policy instability regarding renewables is 

present in many countries in the EU.  

The wind energy capacity currently installed in the EU would produce in an 

average wind year 284 TWh of electricity, enough to cover 10.2% of the EU’s 

total electricity consumption.
29

 

Results of Enercoast have showed that there are no off shore wind farms 

installed yet in MED region and the possible cause is the lack of sufficiently 

shallow sea plains due to specific meteorological conditions and protected 

areas. Although, important offshore windfarm projects are planned in the 

Mediterranean but only a tiny proportion of them are able to reach consent 

stage.  

Off shore installations are more typical for northern countries of Europe like: 

Denmark, United Kingdom, Germany, Belgium and Netherlands. Even here, 

Germany remains the European country with the largest installed capacity 

(34.3 GW) followed by Spain (23 GW), UK and Italy.  

Even though that offshore wind farms have minimal environmental impact, 

especially for vulnerable marine species and habitats in the expanding 

NATURA 2000 network, virtually nothing has been done in this regard in the 

Mediterranean yet. In 2008, Blue H technologies installed the first test floating 

wind turbine off the Italian coast. The turbine had a rated capacity of 80 kW 

and after a year of testing and data collection it was decommissioned.
30

 

Europe accounts for more than 90% of the world’s installed offshore wind 

capacity, but all of them are situated in the North Sea or in the Atlantic Ocean. 

(Norway, France, Portugal) If the Europe wants to have the global technology 

leadership the main focus should be on developing wind energy technology, 

testing facilities, streamlining manufacturing processes and cost effective deep 

offshore development. 

The main problem while developing these technologies (on shore and offshore 

wind turbines) remains the installation costs which are still very high. 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.
31

 The presence of higher number of on 

shore installations on these territories is due to shallow waters-small sea depth, 

distance from the shore- near shore wind electricity and lower investment 

costs. 

 

                                                           
29

 EWEA-Annual-Statistics-2014.pdf : 
http://www.ewea.org/fileadmin/files/library/publications/statistics/EWEA-Annual-Statistics-2014.pdf  
30

 http://www.ewea.org/fileadmin/files/library/publications/reports/Deep_Water.pdf  
31

 http://www.cder.dz/download/smee2010_19.pdf  
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Figure 6 Wind power installed in Europe by the end of 2014
32 
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3.2  National level-Italy 

 

Italy is fifth state in Europe regarding new wind installments, right behind the 

Germany, Spain, UK and France. Installed wind capacity reached 8,554 MW 

in 2013, with the addition of 434 MW net capacity during the year.  

 

In the 1999 Italian ‘White Book’ targeted to install 2,500 MW of wind power 

capacity by 2010; Italy exceeded this in 2007.
33

 The Italian government 

targeted 12,000 MW by 2020. Given that Italy's recent growth in wind power 

capacity has been about 30% annually, the target appears reachable by 2015.
34

  

 

In 2014, the dramatic decrease in new installments was present due to market 

instability. From the end of 1998 until the end 2012 the average annual 

increase in wind capacities was always around 20% and even higher, but in 

2013 annual increase dropped dramatically on 5,3% and in 2014 on 1,4%. 

Furthermore, Italian government enforced new renewable energy systems 

supporting scheme (entered in force at the end of 2012), in which the incentive 

access is constrained by established annual quotas, which involve a severe 

limitation for new installations compared with previous years.
35

 Incentive 

tariffs depend on plant size and characteristics as well (i.e., land-based or 

offshore plant). Issues affecting wind energy growth include permitting 

procedures, which still represent a bottleneck for new wind energy projects. 

The market for small wind turbines is growing, "with a positive trend, but not 

yet enough sufficient" reaching about 20 MW of overall installed capacity but 

on the other hand most of the large turbines installed in 2013 were supplied by 

foreign manufacturers.  
 

 

The national policy for renewables operates through a complex set of 

incentives which range from indirect regulatory support measures, such as 

feed-in tariffs and fiscal incentives, to market-based mechanisms, such as 

quota obligations and tradable green certificates.
36

 

 

Despite the constant growth in the sector there are few barriers for further 

development of wind technologies. First one, policy design and political 

impact are uncertain; secondly there are administrative constraints as complex  

                                                           
33

 http://en.wikipedia.org/wiki/Wind_power_in_Italy  
34

 "GWEC: Europe". Global Wind Energy Council. Retrieved 2008-11-23.  
35

 https://www.ieawind.org/countries/italy.html  
36

 https://www.irena.org/DocumentDownloads/Publications/GWEC_Italy.pdf  
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authorization procedures at local level. Finally, the most important barrier is 

for sure high cost of grid connection. There is a need for more ambitious 

support mechanism by the Italian government.  

Among the current challenges in wind sector it is important to point out that 

the regions play an important role in deployment of renewable energy 

technology. The administrative processes to develop the grid are not  

centralized, which slows the authorization process.
37

 This problem affected 

projects in Campania, Apulia, Basilicata and some in Sardinia due to the high 

concentration of projects in pockets and the low capacity of the grid which do 

not allow all the power produced by the wind farms to be dispatched, causing 

grid overloads in one part of the country. Because of that developments have 

been mainly concentrated in south of the country.  

 

There is a lack of national research programs regarding this technology, so all 

R&D activities are carried out by diverse entities such as: universities, private 

agencies and research institutes. As for the plants currently under 

construction, the guidelines developed by Enel Green Power include the 

development of layouts that comply with environmental protection 

requirements, using an adequate dimensioning of the number of turbines per 

area. 
38

 Therefore it is expected from the Government to intervene as soon as 

possible with targeted policies that shift incentives from bills to the tax, 

defining also the regulation framework post 2015 to allow the survival of this 

strategic sector for the green economy.
39

 

 

To conclude, despite all mentioned barriers Italy have succeed to attract the 

investors in wind sector and reach an elevate level of development.  

Financing for wind projects has been available through the private sector and 

some of the regions provided capital subsidies. Regional permitting 

procedures should be improved with the aim to facilitate the project 

development. The tradable green certificates system under the quota 

obligations was an effective mechanism and the proposed shift to a feed-in 

system is likely to provide dependable support for wind power 

development.
40

 According to a recent European study, Italy has the highest 

average expenditure for supporting wind power. 
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3.3  National level-Slovenia 

 

Slovenia is a country which is not suitable for the exploitation of wind energy. 

The best locations would be the areas where the wind speed is high enough and 

constant. This include coastal regions and slopes with gently sloping hills 

where the wind can rise without the obstacles, but it has short coastline and 

narrow hinterland so it does not have favorable conditions for the use of wind 

energy. 
41

 The average wind speed reaches only 2m/s. Furthermore, it is not 

profitable to occupy natural environment for the installation of wind farms for 

small energy output. The other important fact is that almost 36% of Slovenia is 

included into NATURA 2000 network. 

 

Locations with the highest average wind speeds can be found in municipalities 

Slovenska Bistrica, Hoče-Slivnica Poljčane, Rogaska Slatina, Makole, 

Majšperk Rogatec and Žetale, whose territories extends into higher altitudes of 

the Pohorje region or Boč, Macelj and Donačka. Wind speed at these locations 

increases with altitude and ranges between 3 and 5 m/s.
42

 

 

Figure 7 Average wind speed in Slovenia 
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 Renewable Energy Sources Potencial Analysis; Lower Podravje region , ENERMED 
42

 Renewable Energy Sources Potencial Analysis; Lower Podravje region , ENERMED 
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At the moment, Slovenia has 2 wind farms present in the database, one in 

Dolenja vas (4,600 kW, 2 turbines) and the other in Razdrto (900 kW, 1 

turbine) with the total potencial of 3 MW.
43

  The first one was established in 

2013 when the total potential was 2 MW, and in 2014 increased for 50% on 

3MW.  

 

 

 

3.4 National level-Croatia 

At the moment, Croatia has installed 70 MW of wind power. Currently, the 

only significant progress in renewable energy techniques application in Croatia 

is related to wind power plants, but so far they have been built only onshore, 

particularly in the coastal area.  

The adoption of by-laws to regulate the market of renewable energy sources in 

2007 was planned 360 MW of wind farms in operation in late 2010. It is quite 

obvious that there was a huge shortfall in achieving this goal. The blame for 

this lies only in the administrative procedure and incomplete legal framework, 

because in the registry of renewable energy sources has enrolled about 6,000 

MW of wind power projects, there were solutions of environmental impact 

studies for about 35 wind farms - but only a few are given the option of 

connecting to the grid . According to the strategy, Croatia would have to install 

1,200 MW of wind power by 2020, what would be the number of MW per 

capita closer to Spain today. The current pace of development of the target of 

1,200 MW by 2020 and also anticipated that by 2030 will be installed about 

2,000 MW of wind farms will not be reached. But the idea is that the rest of the 

required power can be supplied by solar or ocean power plans. 

The fact is that Croatia imports 30% of electricity and produce 40% of total 

energy from hydroelectric power plants, which are the ideal partner for the 

regulation of wind energy at a time when there is no wind.
44

 Croatia has only 

a few wind farms but this is not because of the lack of interest of investors. 

Legal procedures and administrative barriers are the only ones that are 

slowing down the further development. Drastic change is needed in the legal 

procedure and political will which must cease to be merely declarative in 
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order to achieve the set goals. General thinking in Croatia is that the 

renewable energy is needed only to meet certain objectives and standards 

imposed by the EU.  Unfortunately, such a climate is not an incentive for the 

development of renewable sources. A similar situation, if not worse, in terms 

of wind energy is in other countries in the region, especially Serbia and 

Bosnia and Herzegovina. The two countries have yet passed laws regulating 

the market of renewable energy sources. 

Development of wind farms in Croatia is very slow. It can be noticed that the 

wind power plants exhibited two significant development phases, i.e. between 

2008 and 2009, and between 2010 and 2011. Currently, there are in total 12 

wind power plants incorporating 132 onshore wind turbines with the total 

225.25 MW of the installed wind power.  

In 2001 began construction of the first wind farm at Ravne - 1, on the island 

of Pag - in operation since the end of 2004, total installed capacity of 5.95 

MW (individual power of 850 kW).  

Figure 8 Ravne 1: the first wind farm in Croatia 

 

Other wind farm that entered into service in late 2006 is located on the site 

Trtar - Krtolin in Sibenik - Knin County, with the total installed capacity of 14 

MW (14 wind turbines with an individual capacity of 800 kW). 
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Figure 9 Wind farm Trtar 

 

 

Installation of a large wind farm on the hill Orlice above Grebastica near 

Šibenik was in 2009.  There are 12 wind turbines with a total output of 9.6 

MW, directly involved in the system of HEP. The entire facility produces 

enough energy to meet the needs of around 8,000 inhabitants.  Wind farm 

Vrataruša near Senj on the slopes of Velebit near Vratnik was also built in 

2009, but it has received all permits and started to operate regularly since 

January 2011 due to a long period of trial operation.  It is currently the largest 

wind power farm in Croatia with a total capacity of 42 MW installed (consists 

of 14 wind turbines with individual power of 3 MW).  Wind farm Jelinak 

was open in October 2013 with the installed capacity of 30 MW, consisting of 

20 wind turbines (each with power of 1.5 MW). It was planned that the wind 

farm  Jelinak  annually produce 81 million kilowatt hours of electricity, which 

would cover the needs of about 30 000 households. Wind farm Ponikve - 

Ston was opened in May 2013. It has 16 wind turbines with total power of 

36.8 MW with electricity supply for 23 000 households.  The study of the 

environmental impact has shown that the location above Ponikve is very 

acceptable because it is far enough away from the resort and it is 

environmentally friendly.  

Croatian coastal area has great wind potential, so the most potential sites are 

located in the Dubrovnik - Neretva County, Split – Dalmatia County, Zadar 

and Sibenik - Knin County. Mean annual wind speed at all of these locations 
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is ≥4 m / s at a height of 25 m above the ground. There are also a large 

number of potential sites located on Croatian islands (eg. Pag, Krk, Cres, 

Brač, Hvar, Korčula → through HEP "Wind power projects in Croatia"). The 

major problem is that the Government Regulation on the Protected Coastal 

Environment banned the construction of wind farms on the islands and the 

coast of 1 000 m of coastline. 

The disadvantages of the use of VE are the high cost of construction and the 

variability of wind speed (it can’t at any time guarantee the delivery of 

energy). Households are more interested to small windmills up to tens of kW. 

They can be used as an additional source of energy or as primary source of 

energy in remote areas. When used as a primary source of energy necessary 

to give it batteries (accumulators) in which energy is stored when generating 

more than spending. Large wind farms are often installed in windmill's park 

and through transformers connected to electrical network. Problem when 

connecting to rigid electrical grid is that the CoE can significantly affect 

system stability and power quality. Criteria for network connection take place 

according to the set of Grid Code for wind power. 

Typical installation costs of wind turbines (capital investments) amounts to: 

• Small wind turbines (<30 kW): 1500-3000 € / kW 

• Medium and large wind turbines (30 to 1500 kW): 700-1100 € / kW 

• Offshore: about 1500 € / kW (extremely high rates) 

 

The incentives for the construction of wind power may include: 

a) decision of HEP is to guarantee the purchase price of electricity produced 

by wind power plants, at a cost of 90% of the average selling price of 

electricity on the network HEP 

b) The release of wind power, unlike other plants, to pay compensation for 

the use of space for local governments 

If the observed characteristics of the wind on the Croatian territory, it can be 

concluded that country has a good wind potential. This does not mean that the 

entire space of Croatia is extremely suitable for the construction of wind 

farms. 

In order to create conditions for the economic use of wind energy, the 

Croatian Government has launched a national energy program ENWIND.
45

 

                                                           
45 http://www.eko.zagreb.hr/default.aspx?id=84  

http://www.eko.zagreb.hr/default.aspx?id=84
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Chosen as a demonstration pilot projects that need to verify the 

reasonableness of investment. Starting ENWIND program has aroused great 

interest among potential investors. 

Electricity prices are highly regulated worldwide. Customers are signed long-

term contracts in order to reduce the risk of future fluctuations, ensuring 

stable refund for projects in the development stage (but there is a high risk of 

loss of investment, due to the discontinuity in the wind). Under such contracts 

the person responsible for the operation of the system is obliged to purchase 

energy from the wind at a fixed price for a certain period. These rates may 

vary from the price of energy from other sources, and even may contain 

certain subsidies. As the price of electricity thing markets, revenues increased 

when production takes place in periods of higher prices. The profitability of 

wind power will therefore be higher when the time of their work coincides 

with these periods.  

On the other hand, onshore wind farms developed strongly in the past decade, 

with their limit in the sight though, as the most licenses for potential wind 

farm locations are already awarded by the Croatian government. At this point 

there is not a single offshore renewable energy power plant available in the 

Croatian part of the Adriatic Sea indicating an interesting possibility in that 

direction.
46

 But theoretical offshore wind potential within Croatian territorial 

waters of 61,067 km2 is estimated to be about 150 TWh (540 TJ) of 

electricity. For the purposes of developing an offshore wind farm, potential 

locations can be identified with maximum mean annual wind speed and 

power density; the open sea off the city of Pula and the Lošinj Island seems to 

be the most suitable due to the small sea depth (less than 60 m) and vicinity 

of the costal electrical power network (330 MW Plomin thermal power plant). 

However, possible difficulties could emerge due to considerable sea traffic as 

this is the entrance to the Kvarner Bay.
47
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Figure 10 Mean annual wind speed Croatia and Slovenia 

 

 

 

 

 

3.5  National level-Greece 

 

In 2010 Greece endorsed its National Action Plan for Renewable Energy 

Sources for the time frame 2010-2020. This Plan aims to reform country’s 

energy sector in the way that 20% of the primary energy uses is coming from 

the RES.  

 

Regarding the electricity sector in Greece, major RES players are going to be 

Wind and photovoltaic (PV). The target value for wind until 2020 is 7.5 

GW.
48

 The overall investments needed in the energy sector are estimated to 

22.2 billion euro for the period 2010-2020. From these 16.5 will go to new 
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RES capacity and nearly 7 billion to wind.
49

 Additional investment will be 

needed for grid reinforcement and islands interconnections. There are 141 

onshore wind farms presented in the database for Greece.  

 

Wind potential in Greece is situated in area surrounding Ionian Sea, mostly 

on these locations: Thesprotia, Kerkyra, Arta, Preveza, Kephallonia, Lefkada, 

Zakyntos, Aitoloakarniana, Evritania and Messhnia.  

 

Figure 11 Greece Wind capacity
50 

 

Figure 12 Chandras wind farm in Greece 
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3.6 Technology development  

 

Analyzing the territory around the Mediterranean Sea, precisely the coast 

around East coast of Italy, Slovenia, Croatia and Greece we have come across 

many barriers in deployment of wind energy. In this part we will list them and 

give the best solution for this territory regarding the wind technology.  

First barrier is the territory. Mediterranean countries have a lot of territory 

under the Natura 2000, protected areas and that makes harder to find a 

suitable ground for the installation of wind farms. Moreover, these countries 

are very touristic, during the summer season their coasts are crowded with the 

tourists so the onshore wind farms can be installed nearby to impact natural 

environment.  

The second one is wind potential. The results obtained showed that on a huge 

part of the analyzed territory wind power do not exceed 2m/s. (Like for 

example in Slovenia and some parts of Croatia). Furthermore, the wind in this 

area is not   steady like it has to be for horizontal-axis wind turbines 

(HAWTs). Here the wind is more turbulent (coming from diverse directions) 

and wind resource is lower.  

For these reason, we consider small vertical axis wind turbines (VAWTs) as 

more efficient for the territory in question. To explain better we will take in 

consideration small wind turbine produced by Aeolos which is the leading 

world producer of VAWTs. The mini vertical axis wind turbine Aeolos 10kw 

wind turbine is a low start-up wind, silent, safe and reliable. It uses a three-

phase external rotor generator with a start-up speed of the wind of 1.5m / s. 

The wind turbine can be used for off grid application to 300v or for the 

application in grid tie 380v. The mini vertical axis wind turbine Aeolos 10kw 

is widely applied in buildings, small farms, schools, supermarkets, houses and 

other areas with low noise. The blades are designed in aluminum alloy with a 

special aerodynamic design. This design limits the maximum rotation speed 

to 120 rpm even if the wind speed is 30m / s or 40m / s. It is safer and more 

reliable than traditional vertical axis wind turbines. They are able to catch the 

wind from any angle-direction, and that makes them more efficient regarding 

HAWTs.  

The most important advantage using VAWTs is that they can be installed 

everywhere (on the ground or roof mounted), in urban centers, on the 

rooftops, etc. It is easy to integrate these turbines into existing structures 

without fear of disruption of environment because of their innovative design 

of the rotor and blades. They will be for sure socially accepted. Another 

advantage is that it doesn’t have to be very high; on the contrary it can be as 
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little as 3 m without to affect its profitability. The only weakness can be the 

weight, but only when installed on balconies.  

 

To conclude, small wind turbines with vertical axis are the best solution for 

deploying the wind energy in this area. These advantages should be taken into 

account for future development of wind energy on Mediterranean coast. 

Maybe, the new and innovative wind turbines will be more efficient like the 

new one presented on Spain market- Vortex. Vortex
51

 is a low cost wind 

turbine without blades. It is easy to install and with the low maintenance costs 

seems very promising. The turbine is in the shape of an elongated cone (the 

top is larger, the base is smaller) and starts to oscillate violently under the 

appropriate wind conditions, and to produce electrical energy accordingly.  

 

Figure 13 the example of one wind farm with Vortex wind turbines 
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Figure 14 Examples of small wind turbines with vertical axis 

 

 

 

 

3.7 TRL- Technology readiness level for wind technology  

Indicators and indices 

For evaluation of technology readiness levels 

Wind energy 

Small dimension P  < 30 kW  

INDICATOR INDEX 

From    1  (minimum ) 

to     10    (maximum) 

A - State of the art of the technical and scientific research  :  

Requirements of technical and scientific research,  applied to the 

considered technology 

 

-- 

 

A 1 . Level of technological efficiency, in terms of production, or yields  

1   = very low efficiency 

10 = very high efficiency 
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  8 

A 2 . level of effectiveness of the principal materials and components: 

durability, efficiency, maintenance over time 

 

1    = very low effiectiveness 

10 = very high effiectiveness 

6 

A 3 . Energy efficiency:  internal  energy consumption, energy balance, LCA 

– Life Cycle Assessment- , 

1    = very low effiectiveness 

10 = very high effiectiveness 

6 

A 4 – needs of validation of the process or technology in laboratory conditions 

 

1    = very low needs   

10 = very high needs   

7 

  

B - State of the art of the technological development: 

 

Requirements of transfer activity   

 

-- 

B 1 .  Needs to develop pilot activities in controlled environments 

 

1    = very low needs   

10 = very high needs   

6 

B2  . Needs to develop pilot activities in production  environments 

 

1    = very low needs   

10 = very high needs   

8 

  

C -  Sustainability 

 

Needs for improvement of overall sustainability levels  
 

 

-- 

C 1 . excellence  of environmental aspects  

 

1    = very low levels 

10 = very high levels 

8 

C 2.  excellence  of economic aspects 

 

1    = very low levels 

10 = very high levels 

 

7 

C 3.  excellence  of social aspects 

 

1    = very low levels 

10 = very high levels 

7 

  

D Market and commercial issues  
 

New activity for market penetration 

-- 

D1 Actual diffusion of the technology on the market 

Number  of plants and  facilities on the considered territory  

From 0 (none plants) to 10 (high number of plants)  

 

 

2 

D21.  Certification requirements and regulatory compliance 

 

1    = very low needs   

10 = very high needs   

8 

D 3.  level or needs of patenting 

 

1    = very low needs   

10 = very high needs   

6 

D 4.  Communication : launch ,  market penetration and diffusion 

 

1    = very low needs   

10 = very high needs   

10 

D 5. Training for company and stake holders 

 

1    = very low needs   

10 = very high needs   

10 
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4. Technologies for exploitation of marine energy –wave and tidal (< 250 

kW), heat pump (HP) thermal sea energy    

 

4.1  Wave and tidal (<250kW) 

4.1.1 EU Level 

  

Europe has significant wave and tidal resources. In recent years, international 

interest and development activity within the wave and tidal energy sectors has 

increased what has led to the development of protocol and guidelines for 

ocean energy device developers and imposed international standards.  

But, there are however present significant barriers and obstacles in 

deployment of these technologies. Currently, the cost of ocean energy is 

higher that already high costs of offshore wind installations. For that reason, 

ocean energy deployment will need to become competitive with other 

alternative forms of renewable resources and technologies.  

Technical potential is not perceived to be a significant barrier to global 

deployment, however, the cost reduction potential that results from 

innovation remains uncertain.
52

 Accelerated development of ocean energy 

could offer a wide range of long-term benefits including: enabling new routes 

to decarbonisation of the energy supply, creation of a diverse generation 

portfolio, greater security of supply, and potential economic opportunities for 

the development of a home and export market for device developers and 

supply chain industries.
53

 

Wave energy technology can be located near shore and offshore. Wave 

energy converters (WECs) are designed to operate in specific water depth 

conditions: deep water, intermediate water or shallow water. The design of 

the device depends of the location where it want to be installed and resource 

characteristics. Much of the European ocean wave energy resource lies in 

deeper waters.
54

 The areas of deep water that are suitable for wave device 

deployment are significantly larger than the areas available for near-shore 

device deployment, and so there is probably a larger market for deep water 

devices.
55

 The near shore environment is more accessible but also shielded 

from the largest ocean waves and so when approaching the shore the wave 
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  Ocean Energy: State of the Art;  SI OCEAN – strategic initiative for ocean energy  http://si-
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53
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speed and length decrease. Moreover, there are many more constraints for 

development in the near shore environment. 

 

Despite the high cost and other barriers, this sector has attracted significant 

levels of political and industrial interest. Coordination and cooperation among 

EU Member States for driving innovation in this technology will be crucial 

for future technology development and cost reduction. Policy makers and 

investors should be further encouraged to support innovation of this 

technology.  

 

List of WECs
56

 :  

WEC Types Device Type  Classification (Wave)  
Attenuator  A  
Point Absorber  B  
Oscillating Wave Surge 
Converter (OWSC)  

C  

Oscillating Water Column 
(OWC)  

D  

Overtopping/Terminator  E  
Submerged Pressure 
Differential  

F  

Other - Bulge Wave  G  
Rotating Mass  H  
Other  I  

 

Figure 15 Example of Pelamis WEC 

 

 

 

As with the wave energy sector, the tidal energy sector is reaching a 

significant milestone in the development of the industry; tidal technologies 

are taking a step toward commercial viability.
57
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57
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Tidal energy offers some advantages over other renewable resources such as 

wind and wave. The fluid medium, sea water, is over 800 times denser than 

air, so tidal power offers a greater energy density than wind for a given 

turbine rotor swept area.
58

  

Gravitational forcing affects the movement of tides what makes them 

predictable, and the device can be a reliable form of baseload power for a 

national grid.  Tidal energy converters can also be designed for operation in 

specific water depth conditions: deep water, intermediate water or shallow 

water. 

 

List of TECs
59

:  

TEC Types Device 
Type  

Classification (Tidal)  

Horizontal Axis 
Turbine  

A  

Vertical Axis Turbine  B  
Oscillating Hydrofoil  C  
Enclosed Tips (Ducted)  D  
Helical Screw  E  
Tidal Kite  F  
Other  G  

 

 

Figure 16 Horizontal Axis Turbine (A)
60 
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4.1.2 National level-Italy  

 

Italy has more than 7,800 km of coastline and is located in the middle of the 

Mediterranean, so its potential is very high. According to the Italian National 

Renewable Energy Action Plan (NREAP) the Ocean Energy total 

contribution (in terms of installed capacity) expected to meet the binding 

2020 European Renewable Energy Sources (RES) targets will be of 3 MW in 

2020. 
61

  

Italy has one of the highest incentives for these sources worldwide through 

Government initiatives and they invest a lot in research and development 

activities not only through public bodies but also private actors.   Their 

increasing interest in the exploitation of wave and tidal technology bring the 

Italy on a high level of RD&D and prototypal level. Such leadership has been 

recently recognised by Chilean Government’s economic development 

organisation CORFO (Corporacion de Fomento de la Produccion); Enel 

Green Power (EGP) from Italy and DCNS from France have been selected to 

set up a ground breaking global centre of marine energy R&D excellence in 

Chile, named Marine Energy Research and Innovation Centre (MERIC).
62

 

Their work will be focused on marine renewable energy such as tidal and 

wave power.  

Tidal power is regulated through the same Directive (DM 6 July 2012) as for 

the wave energy. So, there are limits for the annual capacity eligible to 

incentives. Each type of RES has different limits and different access to 

incentives. Decree grants a fixed tariff and in some cases, a specific premium 

what depends on source, technology and capacity. Power plants with a 

capacity ≤ 1 MW can receive, instead of the incentive, a Feed-in Tariff 

composed by the fixed tariff plus, in some cases, a specific premium.
63

 New, 

fully reconstructed, reactivated or empowered wave and tidal energy power 

plants can access directly to incentives if their capacity is not greater than 

60kW, otherwise they must apply for access to registries. 
64

 It is important to 

mention that this is different when the power plant is built by Public 

Administration; in that case, the maximum capacity eligible to direct access is 

doubled (120kW).  
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Italy invests a lot in the projects regarding ocean energy. Not only within 

private actors but also public on National, Regional and International level. In 

addition, Italy counts 22 R&D entities in the ocean technology industry 

(including research centres, agencies and universities), 4 technological 

clusters, 5 manufacturing districts for research and 2 technological/scientific 

centres (AREA Scientific Park, Trieste/Pordenone, www.area.trieste.it)
66

.  

Some real examples in Italy: The real scale prototype system of 100 kW, with 

5 knots of water current speed, has been built and has been deployed nearby 

Venice in a very slow speed current of about 3 knots down scaling the power 

to 20 kW.
67

 This prototype was buil with the financial contribution of Veneto 

Regional Authority and it has been built by a consortium of Venetian 

companies.  The real field tests have demonstrated the fully correspondence 

of the system behaviour with respect to what had already been measured on 

the 1:5 model during the test campaign in the naval towing tank.
68

  

 

Another example of a full scale prototype of 200 kW at 2.5 m/s water current 

speed is being designed and deployed in the Strait of Messina.  

 

To conclude, in the Mediterranean Sea, waves are generally low and it 

is necessary to develop devices that can exploit other properties of the waves 

instead of their height, like wave slopes.  

The mechanical conversion system, called ISWEC, has been analyzed by 

Politecnico di Torino and results show that the system possesses good 

potential for energy conversion.
69

  

 

Figure 17 Full scale ISWEC drawing (CAD) with two gyros (left) and the hull (rigth) 
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ISWEC device is composed mainly of a floating body with a slack mooring to 

the seabed, and this kind of device result the best for Mediterranean Sea. 

 

 

4.1.3 National level-Slovenia 

 

Slovenia is located in the north of the Adriatic Sea in the Gulf of Trieste. Its 

48 km coastline is one of the smallest among EU Member States, and the 

same can be said for the coastal area (within a range of 10 km from the coast), 

which spreads over approximately 409 km2 

(0,1% of total EU coastal areas)
70

. 

 

The OBJECTIVES 2020 are set in a National Renewable Energy Action Plan 

2010-2020 (NREAP) with the proposed measures. The pursued goal is at 

least 25 per cent share of renewables in final energy consumption by 2020.  

 

The production of electricity from renewable sources in Slovenia is promoted 

through a feed-in tariff, premium tariff and through soft loans. 

 

As it can be seen in the following table, Slovenia does not exploit the marine 

energy. 

 

Ktoe 2012 EU Union 27 

Countries 

Slovenia Contribution of 

Slovenia to EU 27 

Wind 17089 0 0.0% 

Solar PV 5732 14 0.2% 

Solar thermal 2116 9 0.4% 

Ocean Energy 44 0 0.0% 
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4.1.4 National level-Croatia 

 

Croatia joined European Union (EU) on July 1st 2013, after what the Croatian 

government strongly committed to an intensive development in the renewable 

energy sector. In particular, it is supposed to reach the mandatory 20% share 

of renewable sources in the total energy consumption by the year 2020.  

 

Croatia needs to stimulate research, production, implementation, maintenance 

and development of environmentally sustainable energy technologies in order 

to achieve the objectives set for year 2020. This can be done through increase 

in investments and education research projects.  In order to reach 1200MW of 

installed renewable power until 2020, an additional power of about 1000MW 

needs to be provided.  

Such a demanding task can be accomplished by introducing new, inventive 

and state-of-the art offshore renewable energy plants as for example wind and 

tidal current power plants.
71

 

 

At this moment, significant scientific, engineering and financial resources are 

focused onto development and commercialization of this challenging 

technology, especially with respect to tidal and current energy converters.72 

This technology ensures easier, simpler and less expensive manufacturing, 

installation and maintenance costs. In addition, as the HATT device is placed 

below the sea surface, many environmental problems that apply to wind 

turbines above the sea do not exist for this case, such as for example visual 

pollution and obstacle for sea routes.
73  

The main key issues are: design constraints related to geographical position 

(wave and current microclimate and sea bottom profile), existing electrical 

power network, and distance to the onshore substations, existing navigation 

routes, environmental and social impact.  
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Figure 18 Horizontal axis tidal turbine 

 
There are several potential locations that can be identified in the Croatian part 

of the Adriatic Sea for tidal power plants. In particular, (a) open sea off the 

Dugi Otok Island with available monthly mean sea current velocity and 

direction with depths between 60 m and 70 m, (b) open sea off the Mljet and 

Lastovo Islands, (c) open sea in line connecting the Gargano Peninsula in 

Italy and the Croatian coastal city of Split with available daily mean sea 

current velocity and direction with depths between 80 m and 140 m, and (d) 

north Adriatic Sea.
74

  

 

Comparison of the largest measured sea current velocities at sea surface for 

different selected locations. 

Figure 19 Comparison of the largest measured sea current velocities at sea surface for different selected locations
75 

Location Tidal current velocity (m/s) 

Open sea off the Dugi Otok Island 0.24 

 

Open sea off the Mljet Island 0.20 

Open sea off the Lastovo Island 0.20 

Open sea off the Vis Island 0.22 

North Adriatic Sea 0.20 

 

 

Moreover, further measurements and research should be done In order to 

identify other potential locations with favorable sea conditions, especially in 

channels between the islands.  
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Investment price for the sea current turbines is estimated on around 100-140 

USD/KW.  

 

Croatia could gain benefits from the development of these power plants, 

particularly in environmental and economic sense. Except being 

environmental friendly it could create new jobs, as well as added value to the 

overall Croatian industry. The key issue is the revival of Croatian 

shipbuilding industry. Hence, a development of an offshore renewable energy 

power plant would significantly contribute to the independence of Croatia on 

imported coal that would additionally strengthen its geopolitical role.76 

 

4.1.5 National level-Greece 

 

Wave energy seems to be promising solution for coastal island countries like 

Greece. Greece has interesting points for exploitation of wind and wave 

energy potential.  

 

The maximum wind potential in Greece is discovered in a tunnel crossing 

Aegean Sea from northeast to southeast parts, as well as west and east of 

Crete. There is a significant wave height coming from central and south 

Mediterranean Sea also affecting the mean wave period. Wave energy 

potential is showing interesting values up to 7 kW/m, in the southwest parts 

and across the Aegean tunnel.
77

 The best potential is measured in winter time 

when raise up to 14kW/m. The wave power potential in these areas is more 

stable because of the high wave periods prevailing there.
78

 The advantage of 

wave energy in this region is that the FLOAT-wave power does not occupy 

land area of the island, as well as effective worse than solar and wind 

power.
79
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Statistical evaluation against two buoys
80

:  

1
st
:  

Descriptive statistics Creta: 2007-2010 lat.35.8, 

lon:24,9 Obs 

 Hs (m) 

Mean  0.92 

St. Dev. 0.62 

Var. Coeff. 0.67 

St. Error 0.01 

Skewness 1.69 

Kurtosis 7.63 

 

2
nd

:  

Descriptive statistics Creta: 2007-2010 lat.35.8, 

lon:24,9 Model 

 Hs (m) 

Mean  0.78 

St. Dev. 0.58 

Var. Coeff. 0.74 

St. Error 0.01 

Skewness 2.06 

Kurtosis 9.30 

 

 

The relevant technology for the exploitation of the energy potential has to 

advance in order to minimize the cost of such constructions. 

  

 

 

4.1.6 Future development  

 

In the Mediterranean basin, the annual power level off the coasts of the 

European countries varies between 4 and 11 kW/m, the highest values 

occurring for the area of the south-western Aegean Sea.
81

 The entire annual 

deep-water resource along the European coasts in the Mediterranean is of the 

order of 30 GW, the total wave energy resource for Europe resulting thus to 

320 GW.
82

 

There are difficulties in facing wave power development such as the 

irregularity in wave amplitude, phase and direction. For this reason it is 
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difficult to obtain the maximum efficiency of the device over the entire range 

of excitation. The second one is the structural loading in the event of extreme 

weather conditions.  

Design of wave power converters has to be sophisticated to be operationally 

efficient and reliable and also economically feasible. Accurate determination 

of possible installment locations is needed. Also the high construction costs 

lead to insufficient development of this technology.  

Lack of understanding for wave technology has slowed down its 

development.  

Particular advantages of wave energy are the limited environmental impact, 

the natural seasonal variability of wave energy, which follows the electricity 

demand in temperate climates, and the introduction of synchronous 

generators for reactive power control.
83

 

 

Technological innovation is a key element of sustainable use of ocean 

resources and further improvements are needed.   

 

 

4.2  Heat pump (HP) thermal sea energy  

  

Among the technology systems, an important role is played by heat pumps, 

equipment used to heat a fluid - water - that transform heat into useful energy 

(energy with low enthalpy) otherwise useless in the environment.
84

 

 

To operate, a heat pump needs energy, but one that transfers within the 

environment in the form of heat is greater than it consumes, thus ensuring a 

considerable saving. Within EU Directive for RES  (Renewable Energy 

Sources) heat pumps have been recognized as technologies using renewable 

energy because of the fact that uses free and unlimited heat stored in the 

surface water (or air, groundwater and soil).  

Surface water (river, lake or reservoir) have a higher thermal instability than 

groundwater but thanks to the thermal inertia of the water and their large 

masses, are still excellent sources for heat pumps water-water type. The sea is 

the most common heat source. The exploitation of salty waters amplifies the 

corrosion, on the other hand, exploitation of rivers and lakes decrease the 
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corrosion problem but increase those for filtering. Furthermore, the use of 

surface water requires an analysis of water quality and consequently a careful 

design of the entire system as well as compliance with a bureaucratic process 

to obtain the necessary permissions. 

 

Heat pump systems are a viable alternative to traditional combustion heating, 

the annual cycle air-conditioning systems are one of currently more efficient 

and effective and are able to contribute to achieving the 20-20-20 targets for 

reducing consumption energy, to reduce emissions of greenhouse gases and 

increasing the use of renewable sources: allow, in fact, savings 40-60% of 

primary energy, with equal reduction of CO2 and employ for their operation 

about 75% of renewable energy.
85

 

 

Seawater heat pumps are water-to-water systems that operate by using 

electric compressors in combination with the physical properties of an 

evaporating and condensing fluid known as a Heat Source Capacity Range.
86

 

The heat pump is able to transfer heat from a low temperature source to a 

higher temperature, as well as a pump raises a fluid from a lower level to a 

higher one. This process is the reverse of what occurs spontaneously in 

nature. The main advantage of the heat pump comes from its ability to 

provide more energy than it uses for its operation. The efficiency of a heat 

pump is measured by coefficient of performance COP (Coefficient of 

Performance), which is the ratio between the energy provided (heat released 

to the item to be heated) and electricity consumed. The C.O.P. varies 

depending on the type of heat pump and the operating conditions.  

 

 In addition to the electrical ones, there are also available compression heat 

pumps driven by internal combustion engine. Being also equipped with a 

compressor, these heat pumps have a thermodynamic cycle similar to that of 

conventional electric heat pumps. The compressor, however, instead of being 

powered by electricity, is directly driven with the mechanical energy 

produced by a gas engine.  
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The heat pump is an apparatus which has achieved a good reliability, 

especially in recent years, but that requires a correct installation and a 

minimum of maintenance to achieve good performance over time. 

The benefits of heat pump technology are:  

• Climate annual cycle (heating and cooling) with a single machine 

• Increasing energy efficiency 

• Use of renewable energy sources 

• Reduction of pollutant emissions 

• Increasing energy class and the value of the property 

• Reduction in operating and maintenance costs of the system 

 

 

 

4.2.1 National level-Italy 

 

In the seas around Italy the temperature varies from a minimum of 10 ° C in 

winter to a maximum of 25 ° C in summer. Those are the ideal climatic 

conditions for the use of heat pumps, and these temperatures allow very high 

efficiency.  The National Action Plan on renewable (PAN) has recognized the 

potential of heat pumps in 2020 to 2.9 Mtoe of renewable energy compared to 

10.46 Mtoe of the total renewable thermal. The heat pumps are an important 

tool available to the regions to achieve the targets assigned to them. 

 

An example in Italy
87

:  

An application example in Italy is very interesting concerning the 

restructuring of the former dock of Savona. It is a set of buildings with mixed 

use: residential, commercial and accommodation, overlooking the sea. The 

entire complex consists of a tower of 19 floors with over 100 apartments, 

from a pedestrian courtyard with 30 shops and 20 offices and a hotel of 100 

rooms. 

The operation involved a total volume of almost 70,000 m3 with potential 

project heat input of 1.9 MW and 1.5 MW of cooling. The plant to heat 

pumps made is of the type ocean-thermic, an innovative solution that 

provides for the use of the thermal energy present in the sea water, a 

renewable resource and stable over time, with temperatures ranging between 

14 and 24 ° C.  

The economic analysis and energy estimated annual consumption of 673,480 

kWh, while the expected annual consumption of a traditional plant with 
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boiler, chiller and for 4 pipe is 262,470 Sm3 of natural gas and 643,130 kWh 

electric. It shows that this system can get an annual saving of almost € 

150,000 with a payback of 3.2 years of planting (the higher cost sustained 

investment than the traditional system is about 500,000 euro). In terms of 

primary energy savings it was estimated at about 211 TEP / year, or -63% 

compared to a traditional system. Finally, as regards emissions into the 

atmosphere CO2 were spared 491 tons of CO2, i.e. -64% compared to the 

traditional system 

 

Figure 20
88

 A simplified description of the system: the sea water sent to the exchanger cools / heats the primary fluid 
which is sent to the individual heat pumps via a piping system loop that connects all the units. The water is finally 
returned to the source with a temperature difference of about 3 ° C 

 

 
 

 

4.2.2 National level-Slovenia 

 

An innovative system for heating and cooling with sea water was installed in 

Slovenia, in Grand Hotel Bernardin in Slovenian city Portorož.  The sea 

temperature in this location is between 15 and 22 °C. 

It reduced expanses for more than 30 %. Approximately 130 meters off shore 

and at a depth of 30 meters pumps gather sea water.
89

  Pumps capacity is 
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between 20.000 and 200.000 liters per hour. This is on-site pumping station 

where the water is mechanically filtered. Throughout the process no chemical 

substances are used and pumps that are being used are highly energy efficient 

and made out of materials suitable for salty environment.  

The system exploits advantageous energy potential of the sea and with the 

help of two reversible heat pumps; the hotel is heated in winter and cooled in 

the summer. This system is environmentally friendly. The yearly emissions of 

CO2 are reduced for about 500 tonnes and heat pumps ensure equal comfort 

for hotel users. The sea water is returned to the sea in the same condition as it 

was pumped; only it has a few more or less degrees.  

Nearby Municipality of Piran is also thinking about installing a similar pump 

in their theatre Tartini. 

 

 

4.2.3 National level-Croatia  

 

In Croatia, there is an example in the Orthopaedics and Rehabilitation 

Hospital complex “Prim. Dr. Martin Horvat” in Rovinj. The sea temperature 

is here around 10-30 °C. The complex stretches along the coast on a 20ha plat 

and has 17 detached buildings connected to the thermos-technical system. 

The total gross floor area of the buildings amounts to 10118m2. The complex 

is open the year over and it has about 250-350 users. During the winter the 

average number of users is around 80. The present energy system in the 

hospital is no longer acceptable due to high energy consumption and 

inadequate performance.A new water loop heat pump system (WLHP) has 

been proposed as a feasible solution. It could be easily implemented besides 

the existing system which can remain unchanged and serve as the backup 

system. The heat source shall be the sea water.
90

 

 

 

 

 

4.2.4 National level-Greece 
91

 

 

The Thessaloniki concert hall is a building of 27.000 m² with a capacity for 

1500 persons, located at the port of Thessaloniki. What is important about 
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this building is that it is cooled by water source chillers, fed by seawater 

during the summer. The system includes 3 water source chillers, plate heat 

exchangers, and provides 1800 kW of cooling through 214 fan-coils, 40 

central air-handling units and a piping network of 15 kilometres. Although 

not used for heating, a very similar system with heat pumps instead of chillers 

could provide low temperature heating as well. 

 

 

4.2.5 Future development 

Encouraging the use of heat pumps for heating, especially in urban areas, it 

would be obtained important results in terms of reduction of PM10, with 

positive effects on people's health. Then the heat pump systems are able to 

work on two fronts - energy efficiency and renewable heat - improving the 

building's energy and improving air quality in large urban areas. Heat pumps 

may be adapted with even more advantages to milder climates like that of the 

Mediterranean type, provided that a careful selection is done of the system's 

layout and the heat pump operating variables. Ambient and exhaust air, soil 

and ground water are practical heat sources for small heat pump systems, 

while sea/lake/river water, rock (geothermal) and waste water are used for 

large heat pump systems. The water, due to its high heat capacity and 

properties that enable a good heat transfer, may be considered as the most 

efficient heat pump heat source. One of the major limitations for its 

application is the local availability.  

As already mentioned before, the Member States in question are very touristic 

and tourism therefore is not only the sector that earns money with number of 

visitors and interesting offers, but is a good place to invest in various 

technological innovations. Those not only bring profits whit their savings but 

also minimize negative impacts on the environment. Northern European 

countries have developed district heating systems within seawater heat 

pumps. Similar systems can be installed pretty much anywhere in the world 

close to the body of water and it would even be cheaper in case of fresh 

water, because there’s no need to protect the heat pump, heat exchanger and 

water pumps against salt corrosion.  
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4.2.6 TRL- Technology readiness level  

Indicators and indices 

For evaluation of technology readiness levels 

Sea water heating pump 

small dimension P < 30 kW 

INDICATOR INDEX 

From    1  (minimum ) 

to     10    (maximum) 

A - State of the art of the technical and scientific research  :  

 

Requirements of technical and scientific research,  applied to the 

considered technology 

 

-- 

 

A 1 . Level of technological efficiency, in terms of production, or yields  

  

1   = very low efficiency 

10 = very high efficiency 

7 

A 2 . level of effectiveness of the principal materials and components: 

durability, efficiency, maintenance over time 

 

1    = very low effiectiveness 

10 = very high effiectiveness 

5 

A 3 . Energy efficiency:  internal  energy consumption, energy balance, LCA 

– Life Cycle Assessment- , 

1    = very low effiectiveness 

10 = very high effiectiveness 

5 

A 4 – needs of validation of the process or technology in laboratory conditions 

 

1    = very low needs   

10 = very high needs   

5 

  

B - State of the art of the technological development: 

 

Requirements of transfer activity   

 

-- 

B 1 .  Needs to develop pilot activities in controlled environments 

 

1    = very low needs   

10 = very high needs   

7 

B2  . Needs to develop pilot activities in production  environments 

 

1    = very low needs   

10 = very high needs   

8 

  

C -  Sustainability 

 

Needs for improvement of overall sustainability levels  
 

 

-- 

C 1 . excellence  of environmental aspects  

 

1    = very low levels 

10 = very high levels 

8 

C 2.  excellence  of economic aspects 

 

1    = very low levels 

10 = very high levels 

7 

C 3.  excellence  of social aspects 

 

1    = very low levels 

10 = very high levels 

8 

  

D Market and commercial issues  
 

New activity for market penetration 

-- 
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D1 Actual diffusion of the technology on the market 

Number  of plants and  facilities on the considered territory  

From 0 (non plants) to 10 (high number of plants)  

 

 

1 

D21.  Certification requirements and regulatory compliance 

 

1    = very low needs   

10 = very high needs   

8 

D 3.  level or needs of patenting 

 

1    = very low needs   

10 = very high needs   

6 

D 4.  Communication : launch ,  market penetration and diffusion 

 

1    = very low needs   

10 = very high needs   

10 

D 5. Training for company and stake holders 

 

1    = very low needs   

10 = very high needs   

10 

 

Indicators and indices 

For evaluation of technology readiness levels 

Sea water heating pump 

Medium dimension P > 30 kW < 300 kW 

INDICATOR INDEX 

From    1  (minimum ) 

to     10    (maximum) 

A - State of the art of the technical and scientific research  :  

Requirements of technical and scientific research,  applied to the 

considered technology 

 

-- 

 

A 1 . Level of technological efficiency, in terms of production, or yields  

  

1   = very low efficiency 

10 = very high efficiency 

7 

A 2 . level of effectiveness of the principal materials and components: 

durability, efficiency, maintenance over time 

 

1    = very low effiectiveness 

10 = very high effiectiveness 

5 

A 3 . Energy efficiency:  internal  energy consumption, energy balance, LCA 

– Life Cycle Assessment- , 

1    = very low effiectiveness 

10 = very high effiectiveness 

5 

A 4 – needs of validation of the process or technology in laboratory conditions 

 

1    = very low needs   

10 = very high needs   

5 

  

B - State of the art of the technological development: 

 

Requirements of transfer activity   

 

-- 

B 1 .  Needs to develop pilot activities in controlled environments 

 

1    = very low needs   

10 = very high needs   

7 

B2  . Needs to develop pilot activities in production  environments 

 

1    = very low needs   

10 = very high needs   

8 

  

C -  Sustainability 

 

 

-- 
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Needs for improvement of overall sustainability levels  
 

C 1 . excellence  of environmental aspects  

 

1    = very low levels 

10 = very high levels 

8 

C 2.  excellence  of economic aspects 

 

1    = very low levels 

10 = very high levels 

7 

C 3.  excellence  of social aspects 

 

1    = very low levels 

10 = very high levels 

8 

  

D Market and commercial issues  
 

New activity for market penetration 

-- 

D1 Actual diffusion of the technology on the market 

Number  of plants and  facilities on the considered territory  

From 0 (none plants) to 10 (high number of plants)  

 

 

1 

D21.  Certification requirements and regulatory compliance 

 

1    = very low needs   

10 = very high needs   

8 

D 3.  level or needs of patenting 

 

1    = very low needs   

10 = very high needs   

6 

D 4.  Communication : launch ,  market penetration and diffusion 

 

1    = very low needs   

10 = very high needs   

10 

D 5. Training for company and stake holders 

 

1    = very low needs   

10 = very high needs   

10 

 

 

5. The level of diffusion of the systems studied  

 

Currently the systems studied during the project Enercoast show very 

different levels of maturity and spread among the territories of the countries 

that have participated in the project.  

The most mature, also demonstrated by the diffusion of the plants, are the 

mini and micro wind turbines, especially medium-high power ratings. The 

activities carried out during the project showed that the systems meet offshore 

technical difficulties and poor social acceptability; while the systems applied 

in coastal areas are accepted if they can overcome some technical problems 

also relatively strong, such as noise, corrosion from salt air, and especially the 

cost-effectiveness in the medium-long term. 

Solar cooling is instead a system that has yet to be perfected, not so much for 

the technological aspects as for the economic sustainability, as it has been 
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shown that for the small amount of installed power the payback time is too 

high, especially for the cost of the solar collectors. Further actions are needed 

to be undertaken to improve their economic factor. The results of the study 

show the very low diffusion of this technological system in all countries of 

the project, a few units in all. 

The system of heat pumps fed with sea water also has very low diffusion, in 

all countries, even in this case for the same reasons of solar cooling:  it is 

necessary to decrease the cost of investment and management of the 

technological section that allows the supply of the heat source that is sea 

water. In participating countries, there were installed a very few systems of 

this kind. 

Systems using sea currents or wave systems for electricity generation are in 

the phase of applied research, and there are only a few prototypes or 

demonstration plants, no more than a dozen, some being set up in the 

countries considered in project. It requires strong experimental research and 

technological innovation to overcome the current technical and economic 

difficulties that are preventing their spread. 
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6. Conclusions  

 

Analyzing this territory we came on several conclusions; Solar and wind power are 

playing a pivotal role in driving down carbon emissions in the European Union. 

They become far cheaper sources of energy over the past five years, playing a 

leading role among Renewable energy sources.   

Regarding wind power, we sustain that with the small vertical wind turbines the 

wind potential in the countries involved in ENERCOAST PROJECT could be 

better exploited. For example, Slovenia has a very small potential, but even this 

can be better exploited with this small wind turbines. Other countries have higher 

potential, but other difficulties like wind changing direction, regulations that do 

not permit the installation on coast, but all those barriers can be overpassed within 

the implementation of new technology solutions.  

Regarding marine energy, even if all these countries are coastal ones, they do not 

have very developed this sector. Only Italy is exception, which has the biggest 

investment rate in development of marine technology and working on new 

projects. Within the other states, the barriers are different, but mainly consist in sea 

depth, not enough strong waves, sea bottom, high investment costs and etc.  

Still, regarding all, there is one common problem: a long and complicated 

administration process and not enough support of National Government. 

Frameworks are usually set, but unfortunately only on paper, and all the progress 

is mostly done with the aim to reach the targets imposed and not because of really 

understanding the huge benefits of these technologies. Further development is 

needed with reducing costs to make interesting for larger group of people willing 

to invest.   

 


