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Abstract—The world power generation is in a process of 

transition from fossil fuels to renewable and sustainable power 

sources. The part of the electricity from alternative energy 

technologies is growing rapidly. New engineering approaches and 

devices are continuously created by the researchers in the field of 

power engineering, aimed at obtaining energy with less harm for 

the environment and the life on the planet. The present work is 

an initial evaluation of the possibilities for marine energy 

conversion in the Balkan region. The focus is on energy from the 

sea including energy from waves, currents, salinity, temperature 

difference etc. The main purpose of the work is on the basis of 

assessment of the power potential determined by the 

geographical characteristics of the seas in the region and the 

scientific, technological and economical level to make some 

conclusions about the prospects in this area. 

 
Index Terms— assessment, energy conversion, energy 

resources, marine power, power potential, wave energy. 

I. INTRODUCTION 

HE FOSSIL fuel dependent production of energy leads to 

continuously deepening ecological problems. The 

scientists and engineers in the field directed their efforts 

towards energy efficient technologies, decreasing the pollution 

caused by fuel combustion, as well as inexhaustible and 

sustainable energy resources like sun, wind and ocean. The 

share of the energy from renewable sources is rapidly 

growing, Fig. 1. Despite of the crises of the late years, the 

renewable electricity cost decreases, due to the growing 

awareness of the authorities that the transition to sustainable 

power production is the only way for future development of 

the mankind. The European Council in 2007 adopted 

ambitious energy and climate change objectives for 2020 [1] – 

to reduce greenhouse gas emissions by 20%, to increase the 

share of renewable energy to 20%, and to make a 20% 

improvement in energy efficiency. 

Compared to 2011, the structure of electricity production in 

2012 in EU-27, Fig. 2, taken from [3], is as follows: 
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- the production of conventional thermal electricity decreased 

by 4.6 % and accounted for 52.3 % of total production; 

- the production of electricity by nuclear power plants 

decreased by 2.7 % and accounted for 27.1 % of the total; 

- the electricity production by hydropower increased by 9 %, 

while the production by wind increased by 11.5 % and 

represented respectively 11.7 % and 6.4 % of the total. 
 

 
 
Fig. 1 EU 27 Share of electricity production by renewable sources in gross 

production, source [2] 

 

 
 

Fig. 2.  EU 27 electricity production by source, 2012 (in %), source [3]. 

 

II. MARINE RENEWABLE RESOURCES 

The ocean contains great amount of energy, but its 

conversion to useful form like electricity requires advanced 

technology that is still under development. The main types of 

ocean energy technologies are wave energy, tidal energy, 

temperature gradient energy and salinity gradient energy. The 

ocean energy comes from the sun, which heats the atmosphere 
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and the ocean water, and thus generates wind and ocean 

currents. Prospects for the various marine energy sources 

including their power potential and energy density were 

assessed after the 1973 energy crisis, Table I from [4]. 

 
TABLE I 

MARINE RENEWABLE RESOURCES, [4] 

Resource 

 

Power potential 

(TW) 

Energy Density 

(equivalent to meters of hydraulic 
head) 

Ocean Currents  0.05 0.05 

Ocean Waves  2.7 1.5 

Tides  0.03 10 
Thermal 

Gradient  

2.0 210 

Salinity Gradient  2.6 240 

 

The comparison of the characteristics of the ocean resources 

to other renewable resources in Table II, from [5], shows that 

the marine power density is the highest but at the highest 

energy cost, the technologies are under development and much 

research and new approaches are needed. 

 

A. Tidal energy 

The tides are created from the Earth-Sun–Moon 

gravitational interaction. The most practical use for tidal 

energy is for conversion to electricity. The tide conversion 

technologies are two main types: using tidal range and tidal 

currents. The tidal range is used by creating a dam, similar to 

hydroelectric dams, or barrage containing several gates and 

turbines, across an estuary. Since the first tidal barrage in La- 

Rance estuary in France built in 1962 and still in operation, lot 

of engineering solutions and devices for tidal range and 

current power have been proposed [6, 7]. 

 

 
 

Fig. 3. Vertical Axis Hydro Turbine, Blue Energy Canada Inc., (on the basis 

of the wind turbine of Darrieus, 1931), source [9].  
 

 

 

 

 

 

 

 

 

 

 

The current power is more promising than the tide range in 

the seas around the Balkan Peninsula, where the tides are very 

limited. Some examples of commercial current energy 

converters are given in Figs. 3 to 5. Currents are also 

generated by temperature, pressure, water salinity difference 

and wind. The ideal locations for tidal current power 

generation are basins with a relatively narrow entrance, such 

as areas between islands, narrow straits, and headlands and 

Aegean islands offer this morphology [5]. 

 

 
Fig. 4.  Horizontal Axis Hydro Turbine tested at the University of New 

Hampshire, source [10]. 
 

 

 
 

Fig. 5.  Oscillating hydrofoil, Stingray Assembly © Engineering Business Ltd 

2005, source [11]. 

 

The expression for estimation of the power of the current, 

i.e. the kinetic energy passing per unit time of the column of 

fluid upstream of turbine, [8], is  

 

3
12

12
12

1
oooo uAu)uA(P   ,        (1) 

 

where ρ=1025 kg/m
3
 -density of the sea water, A1- cross-

sectional area of the turbine disc, m
2
, uo- tide current speed, 

m/s.  
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When assuming 40% efficiency of tidal current power to 

electricity the following relation is obtained: 

310 ou.q  .                (2) 

 

The SeaGen 1.2 MW device, [12], of horizontal axis type 

was the world’s first grid connected commercial scale tidal 

current device and has continued to lead the way in tidal 

stream technology. Since installation in 2008 at Strangford 

Lough, Northern Ireland, SeaGen has generated over 8 GWh 

of electricity.  

 

B. Ocean thermal energy conversion (OTEC) 

Ocean thermal energy conversion (OTEC) allows 

production of electricity using cold water from the deep 

seawater (1000 m and 5◦C) and surface water (between 25 and 

28◦C) as hot spring. With this temperature gradient, typical for 

the tropical and equatorial seas, the production of electricity is 

made possible using a Rankine cycle [8]. Carnot efficiency of 

the process is  

 

ηCarnot= (TE-Tc)/TE=20/298= 6.7 %,        (3) 

 

where TE and Tc  are hot water and cold water temperature 

respectively, K. 

OTEC gross power efficiency is only half the Carnot limit -

about 3%. 

The systems can be classified into closed, open and hybrid 

cycle type. The open cycle conversion is accompanied by 

water desalination. The recent developments are reviewed in 

[8, 13], including improved variants with higher efficiency, 

Kalina cycle and Uehara cycle, using two component working 

fluid [14].  

The Balkan region is out of the range of the potential sites 

between 20
o
N and 20

o
S for development of OTEC systems, 

but there are solutions using hot spring water or hot waste 

water [15], which are possibly feasible.  

 

C. Salinity gradient conversion 

In the review of salinity gradient conversion technologies 

[16] it has been noted that of all marine renewable energy 

sources the salinity gradient power is of the highest energy 

density, as shown in Table I. The osmotic pressure difference 

between fresh water and seawater is equivalent to 240 m of 

hydraulic head. Almost all of the proposed conversion 

schemes rely on the fundamental natural process of 

evaporation to separate the fresh water from the salt. The 

overview in [16] of the state of technologies till 2000 includes 

Pressure-Retarded Osmosis, Reversed Electrodialysis, Vapor 

Compression and Hydrocratic generator. The authors stated 

that any strategy to desalinate seawater could be reversed to 

produce power. The world's first osmotic energy plant has 

been operating from 2010 in Tofte, Norway, on the Oslo fiord 

inlet [17]. 

Aegean Sea, being the place of mixing of water masses of 

low salinity from the Black Sea and hypersaline water masses 

from Mediterranean Sea, which leads to formation of currents 

and water stratification with high salinity at the sea bottom, 

seems promising for development of marine power plants, but 

its potential has not yet been fully investigated and assessed. 

 

D. Wave energy 

Wave energy conversion is harvesting the power of the sea 

waves. When the wind energy is converted to wave energy, it 

is specially concentrated due to reduction of the area of energy 

distribution to the envisaged area perpendicular to direction of 

wave propagation. The power carried in the wave at the 

horizontal axis, per unit width of wave front at any instant [8], 

can be estimated by 

 

T

gacga
'P

422

22 
            (4) 

 

where ρ is the sea water density, kg/m
3
, a- wave amplitude, m, 

c- wave phase velocity, m/s, g- acceleration of gravity, m/s
2
, λ- 

wave length, m, and T- period of motion, s. 

The wave power levels near the coasts of the Balkan 

Peninsula are estimated to reach 7 kW/m of wave crest, [18], 

and near the Black Sea cost - 3 to 7 kW/m, [19], which is not 

as much as the potential of the North East Atlantic coast 

reaching to 70 kW/m, but marks the region as a prospective 

wave energy site.  

The systems can be classified into fixed and floating or on-

shore, near-shore and off-shore. Some examples of prototypes 

and plants put into operation are given in Figs. 6 to 10. The 

wave energy converting systems are reviewed in [20]. Most of 

the proposed processes of wave conversion are shown 

schematically in Fig. 11.  

 

Examples of fixed on-shore converters are:  

1. Oscillating water column (OWC), Fig. 6. Incoming 

waves force air up column to turn the turbine. Outgoing waves 

suck air down column to turn the turbine. LIMPET (Land 

Installed Marine Powered Energy Transformer) is a 500 kW 

rated OWC power plant, developed by the Queen's University 

of Belfast and Wavegen Ltd in the United Kingdom. A 75 kW 

prototype was constructed on the island of Islay, Scotland in 

1991 [22, 23]. 

 

 
 
Fig. 6.  Oscillating water column (OWC), source [24]. 
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2. Tapered Channel System (TAPCHAN), where the 

concept is similar to that of traditional hydroelectric devices. 

Waves feed through tapered channel into reservoir and are 

then fed through a turbine. Kinetic energy of the moving wave 

is changed to potential energy as water is collected in the 

reservoir, Fig. 7. The TAPCHAN is designed by Norwave 

company, and a 350 kW prototype commenced operation in 

1985 on a small Norwegian island.  

 

 
 

Fig. 7.  TAPCHAN, Copyright Boyle, 1996, source [19]. 

 

The existing very large variety of off-shore floating devices 

is reviewed in the [24] and [20]. Some key examples of off-

shore systems put into operation are:  

1. The PELAMIS device, Fig. 8, consists of semi-

submerged cylindrical sections linked by hinged joints, [25]. 

The wave induced motion of these joints is resisted by 

hydraulic rams which pump high pressure oil through 

hydraulic motors via smoothing accumulators. The prototype, 

a 120 m long and 3.5 m diameter device rated at 375 kW, was 

first tested at the European Marine Energy Centre in 2004 and 

became the first commercial scale off-shore wave power 

machine to successfully generate electricity into the national 

grid. The first prototype connected to the grid is currently 

deployed in Nissum Bredning fiord, Denmark in relatively 

mild wave conditions.  

 

 
 
Fig. 8.  PELAMIS wave energy converter, source[26] 

 

2. The Archimedes Wave Swing (AWS), [27], is an off-

shore, fully submerged (43 m deep underwater), point 

absorber (that is to say, of negligible size compared to the 

wavelength). Its two main parts are the silo (a bottom-fixed 

air-filled cylindrical chamber) and the floater (a movable 

upper cylinder). Due to changes in wave pressure, the floater 

heaves, Fig. 9. AWS Ocean Energy, the Scottish company 

established to commercialize the AWS, tested the technology 

at full-scale in open water (Portugal 2004). 

 

 
 

Fig. 9. Archimedes Wave Swing, source [28]. 

 

3. Wave Dragon, [29, 30], is a floating, slack-moored 

energy converter of the overtopping type.  The overtopping 

device, Fig. 10, elevates ocean waves to a reservoir above sea 

level, where water is let out through a number of turbines and 

in this way transformed into electricity, i.e. a three-step energy 

conversion: overtopping (absorption); storage (reservoir); 

power-take-off (low-head hydro turbines). 

 

 
 
Fig.10.  Wave Dragon principle, source [29]. 

 

The Wave Dragon prototype of rated power 20 KW tested 

in Nissum Bredning fiord in Denmark is constructed to match 

a very humble wave climate at approximately 0.4 kW/m, but 

the technology has no up-ward restriction from wave heights 

or wave lengths on its size. 

  

III. MARINE ENERGY CONVERSION IN THE BALKAN REGION 

The Balkan region is behind the development of the other 

European countries in respect to renewable energy resources. 

The reasons are lack of understanding and resistance of the 

authorities and the public towards the higher capital costs of 

the renewable energy, especially in the countries with 

economic and political difficulties. The authors believe that in 

this situation the strategy for successful marine power 

development of the region is cooperation of the researchers 

from the countries with close natural conditions and potential 

for higher efficiency and optimization of funding.  

The aim of the present work is to show the basis for this 

cooperation, the engineering and scientific achievements in 

the area of marine power technologies in the Balkan countries, 

described as follows. 

 

A. Wave power potential of Turkey 

The wave power potential of Turkey was assessed in [31] 

with the aim to find out the cost effectiveness of a wave power 

http://www.sciencedirect.com/science/article/pii/S0029801807001436#fig1
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converter system for the mild climate conditions of Turkish 

waters. The regions in the west of the Black Sea in the north 

of Istanbul Straits and off the southwestern coasts of Aegean 

Sea between Marmaris and Finike were suggested by the 

authors as the best sites to harness the wave energy and a 

system of the type of Wave Dragon was assessed in this 

conditions. It was concluded that the Baltic Sea and devices 

designed for that sea can be a sample for the studies in Turkey. 

 

B. Sea current power of Greece  

The work plan for marine power development in Greece 

given in the assessment of the energy potential of the Greek 

seas [32] can serve as a basis for the development of the 

Balkan region. The authors focused on measures for 

enhancement of the current measurement system and data base 

concerning speed/ direction of current/ wind, sea temperature 

etc. On the basis of a review of projects running in other 

countries the authors selected a vertical axis system 

(KOBOLD) [33] as a low-cost, easily deployable system ideal 

for the Greek seas. In addition SeaGen turbine would be an 

interesting alternative for covering large scale energy needs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 11. Processes of wave conversion, source [21] 

C. Wave power potential of Bulgaria 

In the project report [34] the low-power wave conditions in 

the Black Sea and the large costs of the sea converters 

determine the aim of the studies – to develop devices which 

can be applied in sites of the world with better energy 

conditions for high capacity energy production or for small 

rescue vessels. On the basis of preliminary studies [35] in the 

Laboratory of Mechatronics at the Bulgarian Academy of 

Sciences on development of a wave converter utilizing the 

horizontal movement of the sea waves, an experimental device 

was constructed in 2010 and successfully tested in the sea 

[36]. The device floats on the sea surface and absorbs the 

wave energy by means of two vertical plates. A linear electric 

generator is connected to the plates moving back-and-forth. 

The device adapts to the changes of the wave length by 

changing the distance between the plates using only the power 

of the waves. 

 

D. Wave energy conversion in sheltered seas 

Very useful are the conclusions from the studies concerning 

sheltered seas, like the Baltic Sea and the Mediterranean Sea. 
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In the assessment of the potential of the Baltic Sea in [37] 

the dominating idea to use one large unit, which can convert a 

lot of power is opposed by systems where a number of small 

specifically designed generators are connected in arrays. The 

authors proposed for the sheltered seas with milder but steady 

wave climate, wave power plants consisting of a number of 

small wave energy converters, forming large arrays. They look 

at advantageous arrangements of point absorbers, [38], and 

their operation in the conditions of the Baltic Sea. 

The concept of the wave power plants consisting of large 

arrays of small direct driven wave energy converters, having 

specifically designed linear generators driven by a point 

absorbing buoy, Fig. 12, was studied for the moderate climate 

of the Mediterranean Sea in [39] and for the Black sea near the 

Romanian coasts in [40].  

 

 

 
a) the floating buoy system 

 

 
b) the power system 

 

Fig. 12.  The direct drive power take off system, source [40]. 

 

The feasibility of the Seabased device [41], designed by 

Uppsala University for deployment in the Swedish seas, was 

studied in [39] for wave energy exploitation under 

Mediterranean Sea conditions by a numerical model of the 

coupled buoy-generator system, developed to simulate the 

behavior of the wave energy converter in regular waves of 

different wave heights and periods. The wave energy potential 

of the Black Sea near the Romanian coasts, a possible power 

take off system, Fig. 12, and respectively the linear generators 

to be used in such wave energy power converters was 

discussed in [40]. 
 

IV. THE UNIQUE POSSIBILITIES OF THE BLACK SEA 

The Black Sea is unique with the presence of hydrogen 

sulfide dissolved in the water under the level of about 200 m 

depth, reaching constant concentration of 9.5 mg/l under 1500 

m depth [42]. It is the world’s largest anoxic basin, where 

almost 90% of the seawater is anaerobic [43]. The hydrogen 

sulfide in natural sea waters forms through bacterial sulfur 

cycle. The interest in production of hydrogen, the fuel of the 

future, is growing. Hydrogen sulfide can be converted to 

hydrogen and sulfides with much less energy than that 

required for splitting water [43]. Therefore many technologies 

are under development for hydrogen production from H2S 

found either in industrial waste gases and waters or in natural 

sea water. 

The potential for hydrogen and sulfur production from H2S 

in the Black Sea is studied by many authors, especially from 

the countries surrounding the sea (Turkey, Romania, Bulgaria, 

Ukraine), and those using renewable energy sources, 

especially solar and wind are expected to be the most 

perspective [43]. The available methods for hydrogen 

production from H2S at different stages of development 

include thermal, thermochemical, electrochemical, 

photochemical and plasmochemical methods [42]. In [42] a 

catalytic thermal decomposition process operated on solar 

energy for process heat generation is considered for hydrogen 

and sulfur production from H2S in the Black Sea, Fig. 13. The 

authors selected the most promising site for such a plant, 

Amasra, Turkey, for the following favorable conditions: 
 

- the 2000 m bathymetric contours pass nearest to the shore; 

- sufficient insulation and solar radiation; 

- mild wind and sea currents conditions; 

- seaport and highway connection.  

 
 
Fig. 13.  Solar H2S thermolysis process (C: condenser, D: dehumidifier, GH: 

H2S heater, Q: quencher, R: reactor, RE: solar receiver, SM: membrane 

separator, T: sea water storage tank), source [42]. 

 

The authors of [43] proposed and studied a process of 

electrolysis of H2S using renewable energy, Fig 14. Another 

technology under investigation, [44], is using electrochemical 

method of removal of sulfides from the deep Black Sea water 

by oxidation to sulfites or sulfates. The authors developed a 

fuel cell with a catalyst incorporated into activated carbon 

matrix. 

The economical assessments [42, 43] show that no 

commercial technology has been developed yet. The high 

costs of the produced hydrogen and sulfur make the available 

solutions not economically feasible, but they have 

considerable ecological significance for counteracting the 

dangerous increase of the hydrogen sulfate content in the 

Black Sea. 
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Fig. 14.  Electrolysis of H2S, source [43]. 

 

V. CONCLUSIONS 

The present review of the current state of marine 

technologies for power production in the Balkan region aims 

at implications of further research and prospects. Although the 

energy potential of the seas surrounding the Balkan Peninsula 

is estimated as low power, sea energy conversion has its place, 

since large portions of the world marine energy potential are 

possessed by sheltered seas with mild conditions like the 

Mediterranean Sea, the seas surrounding the Balkan Peninsula 

and the Baltic Sea. The most promising for the region are 

expected to be wave and current energy conversion and 

decomposition of hydrogen sulfide from the Black Sea. For 

higher efficiency they can be combined with solar or wind 

converters. Because of the high cost for the development, 

installation, maintenance and testing of large-scale marine 

energy devices, the projects should be performed in 

cooperation of a number of countries and should be supported 

by national and European funds. It is necessary to promote 

international cooperation in the efforts to study and enhance 

the sea technologies in order to lower the cost of green energy 

production and to gain the support of the society and the 

governments. An important part of the studies is careful 

assessment of the social as well as environmental impact of 

the sea power technologies.  
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