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Abstract. From economic perspective, Romania, which is delimited on the East side by the Black Sea, should 
have the utmost benefit of using her existing potential of the sea energy. This paper presents the assessment on 
whether it is feasible to integrate the sea energy systems into the current Romanian Energy Strategy. The present 
work paper clarifies some issues about marine renewable energy capture systems, describing the most popular 
and recent methods of producing electricity, using wave and marine current energy worldwide, as to move 
towards those solutions that are suitable for the Black Sea. The authors have undertaken an analysis of technical 
solutions that can be approach in order to valorize the renewable energy potential of the Romanian Black Sea 
shore.   
Keywords: marine renewable energy, Black Sea. 

1. INTRODUCTION 

The energy in the ocean waves is a form of 
concentrated solar energy that is transferred through 
complex wind-wave interactions. The effects of 
earth’s temperature variation due to solar heating, 
combined with a multitude of atmospheric phenol-
mena, generate wind currents in global scale. In 
terms of installed capacity, the marine renewable 
energy industry is more than 15-20 years behind 
the wind industry (Mueller, 2008). However, advan-
ces in science and engineering design, performance 
prediction, manufacture, installation, operation and 
maintenance, as well as the current political interest 
in marine technology, will lead to an intelligent 
design approach rather than one of evolution, as has 
occurred with wind. Consequently, it is reasonable to 
expect more rapid progress, but more difficult to 
predict as far ahead as 2050. This paper describes 
the key challenges to be met in the development of 
marine renewable energy technology over that time, 
from its present prototype form to being a widely 
deployed contributor to future energy supply. 

In this context in the late of 20th century, there 
were many pioneering scientific advances in ocean 
energy technologies. After a lapse of activity, it is 
only in the last ten years that there have been 
significant technological developments, which have 
resulted in there now being a number of full-scale 
demonstration prototypes installed in worldwide 
(Pelc., R., 2002; Turner, J.A., 1999). The literature 
contains good descriptions of the use of the marine 
renewable energy: tides (O'Rourke, F., 2010), wave 

(Falcao, A.F.O., 2010), marine current (O'Rourke, 
F., 2010), temperature gradient (Nagan, S., 2010; 
Martin, I., 2002) and salinity gradient (La Mantia, 
2011; Gerstandt, K., 2008). Romanian Black Sea 
seashore stretches for 245 km. It includes the 
Danube’s Delta and the seashore lakes that count 
up a total length of 163 km and also the seashore 
beaches stretching for about 82 km. The shore is 
various, with lightly corrugated forms, with stressed 
capes  and bays, extending deep in the valleys of 
Dobrogea region, with cliffs, beaches and strings 
of sand. The sea, in its erosive action, made the 
shore to continuously fall back. This resulted in the 
transformation of the bays into estuaries and 
lagoons, or in the abrasion of the headlands. The 
cliffs are about 2/3 of the length of the shore and 
have heights that vary from 20 to 40 m. From the 
Singol Cape (“Pescarie”, the entry point in Mamaia), 
the cliff rises south up to 35 m, it decreases to 10-
15 m and reaches 40 m in Eforie and Tuzla Cape.   

Then, around Costinesti and Mangalia regions 
again decreases to 10-20 m and then increasing 
toward Vama Veche. The sun shining on the 
Romanian shore has an average up to 2.500 hours, 
same as the Dalmatian shores and close to the values 
on the Mediterranean shores. Romania has potential 
due to marine renewable energy inexhaustible but 
hitherto only tentative approach (Giosanu et.al, 
2011). This motivated the authors to straighten this 
study for use of this potential. Seas and oceans have a 
huge energy potential which can be harnessed for 
electricity.  
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2. SOLUTIONS FOR MARINE RENEWABLE 
ENERGY USE ALONG THE ROMANIAN 
BLACK SEA COAST 

Romanian experts predict that the wave energy 
potential profit on the 200 km of coastline Romanian 
Black Sea amounts to about 8·109 kWh / year energy 
potential technique used is estimated to 4·109 kWh / 

year, which would lead to a conventional fuel 
economy of around 2 million t / year. The cha-
racteristic elements associated waves, currents and 
wind are shown in Figure 1. Studies undertaken 
(even without their funding) led to the conclusion 
opportunity capture wave energy and wind have 
spurred a number of specialists to further deepen 
the problem. 

 
  

 
Fig. 1. Significant wave height Hs: black - wave, white - wind, red - power. 

 
Pelamis wave power generator. The recent 

researches have underlined that the energetic 
potential of sea waves at world level is estimated 
up to 2000 TWh/an, value comparable to the value 
of nuclear energy, for example. In the opinion of 
some of the scientific authors in this area (Pelc, R., 
2002; Falcao, A.F.O., 2010; Mueller, 2008), some 
arguments point out the opportunity to exploit this 
potential: the costs are comparable with the ones 
associated with producing energy from other re-
newable sources; wave energy is more predictable 
than solar energy and wind energy, offering a better 
connection to the national energetic system; the 
process of converting wave energy  into electric 
energy is one of the cleanest techniques and it 
doesn’t produce waste that need to be stored or that 
destroy the environment. The systems that exploit 
the wave energy does not alter the activities of the 
other sectors (maritime transport, tourism and so 
on) as they use conversion devices that can be 
situated far enough from the shore (offshore area).  

The configuration of the Romanian shores is an 
advantage for implementing the Pelamis system 
(wave worm), Figure 2, that exploits the principle 

of oscillating water column (OWC) (O’Rourke, F., 
2010). The device, that has a positive floatability, 
facilitates pumping of the liquid due to the move-
ment of the waves, process that is followed by the 
operation of hydraulic cylinders. The energy stored 
is then converted in electric energy. This simple 
system is a solution for the areas on the Romanian 
shores where the cliffs are between 20-40 m. 
Equipment is easy to be maintained and the system 
has all the advantages to become the optimal 
solution in these areas, first because the current 
hitting the shore creating waves with different 
intensities throughout the entire period of the year. 

 

Use of marine current potential. An initial 
opportunity for capitalization is the circular surface 
current, due to the difference of salinity between the 
waters of the Black Sea and the Mediterranean Sea. 
The regime of the current in the Black Sea is also 
influenced by the winds, the flow of river waters, the 
distribution of water density, the form of the shore 
and landscape of the sea bottom. The other factors 
have little or larger influence and generally produce 
variations in length and direction of the current. The 
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currents’ system in the Black Sea is divided in 3 
areas: the area of the main stream, areas of the weak 
shore currents and areas of the weak offshore 

currents. The area of the main current stands at 2-5 
Mm from the coastline, has a width of 23-25 Mm and 
surrounds the hole basin of the Black Sea (Figure 3). 

 

 
 

Fig. 2. Pelamis wave power generator: 
1 – sway (vertical axis) hinged joint; 2 – hydraulic ram; 3 – high pressure accumulators; 4 – motor/generator sets;  

5 – manifold; 6 – reservoir; 7 – heave (horizontal axis) hinged joint (http://greentech.co.uk/pelamis). 
 

 
 

Fig. 3. Major currents of the upper layer circulation (Topçu, E.N., et. al., 2013) and  Wet Engen tehnologies applications. 
 

In this area the currents are defined by a 
relatively stable regime, lightly influenced by the 
shape of the coastlines. The speed of the current is 
of 0,5-1,2 Nd, but when strong winds and storms 
occur the speed can reach 2-3 Nd. (Trusca, C., 
2006). A series of scientific works show that in the 
area of the shore circular currents their regime is 
influenced except from the winds, by the flow of 
water brougth in by the rivers and by the shape of 
the coastline. Circular currents are better observed 
in bays, where they are moving clockwise when the 
main current flows in normal direction, and 
counterclockwise when the main current flows in 
reverse direction. Circular currents near to straight 
shores have the same direction as the main current. 
Their speed is useually between 0,2-0,5 Nd, and 
near the straight coastlines is often between 0,5-0,6 
Nd. The area of weak currents is in the middle part 
of the sea and its main characteristic is the presence 

of the drift currents. The direction of the currents in 
this area is distorted towards right from the wind 
direction, the reason that it makes an horizontal 
angle of 45o, and their speed is of 0,1-0,3 Nd.  

The technical solution proposed in the area of the 
circular currents and in the area of the main current 
is the implementation of a fleet of floating buoys 
type WET Engen (Devine Tarbell & Associates, 
2007; Falcao, 2000). WET Engen technology has 
the ability to transform wave energy in mechanical 
energy and then to be transformed into electric 
energy. Compared with other devices that transform 
sea energy in electric energy, this system has the 
best output and has the most significant ratio of 
conversion from wave energy into renewable energy, 
proving to be the solution in which the investments 
are recovered the fastest. If at the beginning the 
production costs were around 0,15 $/kWh in the 
near future is estimated that these will be around 
0,05 $/kWh. 
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3. CONCLUSIONS 

In many countries in Europe or in the world, the 
governments support energy production from their 
own sources, renewable energy for better security 
and conservation of fossil resources. Lately the 
authors of this paper have noticed the growing 
interest of foreign companies in filling this niche, still 
in training, the Romanian market. Their interest is 
much higher now than a year ago, because there is 
now a legal framework that provides financial 
benefits of renewable energy producers.  

The solutions proposed in the present paper 
take into account the latest discovers of the past or 
recent studies that have been made by Romanian 
and foreign researchers in the Black Sea and the 
rivers, seas and oceans. Technologies are studied and 
tested solutions that produce alternative energy in 
countries with a high level of culture in the present. 
The energy produced by these devices has the 
lowest cost, because costs for production sites are 
smaller comparing to the other systems, the source 
(raw material-wave) is inexhaustible and requires 
no transportation costs, storage, shelf life, have low 
maintenance costs and risks of destruction can be 
calculated as the Black Sea waves cannot reach the 
maximum level 10. 

This review has summarized some, but not all of 
the advances required to develop economic and 
reliable marine-energy technology up to 2050. Sur-
vivability, reliability and affordability are the most 
significant challenges that will be met by addressing 
these and other challenge keys. A better under-
standing of the interaction of the resource, marine 
current and wave, and their combination, with 
devices will lead to more optimized designs. The 
environmental impact of marine-energy extraction 
needs to be fully understood to ensure that there 
are no obstacles to large-scale deployment. Ulti-
mately, there should be no engineering or physical 
barriers to the required advances, but the need for 
continued fundamental and applied scientific effort 
is clear. 

BIBLIOGRAPHY 

[1]  Bedard, R., 2007. Overview of U.S. Ocean Wave and 
Current Energy: Resource, Technology, Environmental 
and Business Issues and Barriers. EPRI  Institute, USA. 

[2]  Carbon Trust, 2006. Future Marine Energy, Results of 
the Marine Energy Challenge: Cost competitiveness and 
growth of wave and tidal stream energy. 

[3]  Devine Tarbell & Associates, 2007. Preliminary 
Application Document, OPT Wave Park, Reedsport, OR; 
FERC Project No. 12713. July 2007. 

[4]  Di Iorio, D., Yuce, H., 1997. Observations of  
Mediterranean Flow into the Black Sea, October 1997. 
Saclant Undersea Research Centre Report, Serial no: 269. 

[5] Falcao, A.F.O, 2010. Wave energy utilization: A review of 
the technologies. Elsevier, Renewable and Sustainable 
Energy Reviews, Volume 14, Issue 3, April 2010, Pages 
899–918. 

[6]  Falcao A. F. O, 2000. The shoreline OWC wave power 
plant at the Azores, 4th EWEC, Aalborg, Denmark.  

[7]  Gerstandt, K.., et.al, 2008. Membrane processes in 
energy supply for an osmotic power plant. Desalination, 
Volume 224, Issues 1–3, 15 April 2008, Pages 64–70. 

[8]  Giosanu, S., Nicolae, F., Popa, C., 2011. Technologies 
for valorizing the energy potential of the sea waves, 
Workshop-RES 2011, The Future of Renewable Energy 
Sector, Constantza, 27-28 oct. 2011. 

[9]  Latif, M.A., Özsoy, E., Oguz, T., Ünlüata, Ü., 1991. 
Observations of the Mediterranean inflow into the Black 
Sea. Elsevier, Deep Sea Research Part A. Oceanographic 
Research Papers Volume 38, Supplement 2, 1991, Pages 
S711–S723.  

[10] La Mantia, F., et.al, 2011. Batteries for Efficient Energy 
Extraction from a Water Salinity Difference. Nanno 
Letters, 2011, ACS Publications.  

[11] Martin I. Hoffert, et al, 2002. Advanced Technology 
Paths to Global Climate Stability: Energy for a 
Greenhouse Planet, Science 298, 981 (2002); DOI: 
10.1126/science.1072357. 

[12] Mueller, M., Wallace, R., 2008. Enabling science and 
technology for marine renewable energy. Elsevier, 
Foresight Sustainable Energy Management and the Built 
Environment Project Volume 36, Issue 12, December 
2008, Pages 4376–4382. 

[13] Nagan S., Madhusuden A., 2010. Study on the Cost 
Effective Ocean Thermal Energy Convertion, Power 
Plant Offshore Technology Conference, 3-6 May 2010, 
Houston, Texas, USA, ISBN 978-1-55563-304. 

[14] O’Rourke, F., Boyle, F., Reynolds, A., 2010. Tidal 
energy update 2009. Elsevier, Applied Energy, Volume 
87, Issue 2, February 2010, Pages 398-409.  

[15] O'Rourke, F., Boyle, F., Reynolds, A. Marine current 
energy devices: Current status and possible future 
applications in Ireland. Renewable and Sustainable 
Energy Reviews, 2010. 14(3): p. 1026-1036. 

[16] Pelc, R., Fujita, R.M., 2002. Renewable energy from the 
ocean.  Elsevier, Marine Policy, Volume 26, Issue 6, 
November 2002, Pages 471-479. 

[17] Topçu, E.N., et. al., 2013. Origin and abundance of 
marine litter along sandy beaches of the Turkish Western 
Black Sea Coast. Elsevier, Marine Environmental Research, 
Volume 85, April 2013, Pages 21–28. 

[18] Trusca, C, 2006. Review of the Black Sea wave spectrum. 
Romanian Journal of Meteorology, vol. 8, no.1-2, 2006 
ISSN 1223-1118.  

[19] Turner, J.A., et al, 1999. A Realizable Renewable Energy 
Future. Science 285, 687 (1999); DOI: 10.1126/ 
science.285.5428.687.  

[20] http://greentech.co.uk/pelamis. 
 

 
 


