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Abstract: In this paper shows analysis on container ship design. Today, containers on vessel contain a wide range of 

different goods from consumer goods as shoes and electronic devices to chemicalsand other raw materials. 

Nevertheless, a container vessel is a cargo ship that carries all of its load in truck-size intermodal containers, in a 

technique called containerization. This article briefly discusses the scheduling of current conbtainer ship. Threfore, the 

manuscript major are: design of cargo ship, analyzed two model from vessel, types of container ships, etc. 

The design of a cargo ship was done with the NX software from Siemens. Finally, the recent trends in container vessel 

programming and the shortcomings of existing models are discussed. 

Key words: container, cross-section, ship, TEU, vessel, diagram. 

 

 

1. INTRODUCTION 

 

        Container transport is the best solution for those 

who need increased flexibility and security of goods. 

Intermodal transport is advantageous if containers are 

used.  This transport is a combined: road, rail and sea. 

        In shipping, the containers are usually transported  

by container vessels, [1]. 

 

 

Figure 1 Container ship [1] 

 

        In fact, container ships are cargo vessels, as 

presented in Figure 1. 

Classification of container vessels: 

 Ultra Large Container Vessel: 14,501 TEU and 

higher. 

 Panamax: 3,001...5,100 TEU. 

 Feeder: 1001...2000 TEU. 

 

2. CONTAINER SHIP DESIGN  

 

        The first container ships built in the 1950's. Since 

then, container transport has grown a lot, [2].  

For example, container vessel have grown significantly 

in size in over the last 25 years. If in 2003 a large 

container vessel would be able to carry approximately 

6,5000 TEU, then in 2021 the largest container ships can 

now transport nearly 25,000 TEU, [3]. 

 

 

Figure 2 Capacity of container vessels from 2019 to 2021[3] 
 

         Forecast (in millions) for global TEU capacity of 

container vessel. This capacity is from 2019 to 2021, as 

seen in  Figure 2. 

The container ships 6,500 TEU are widely used for 

maritime transport, presented in Figure 3. 

 

mailto:caibulamilis@yahoo.com
mailto:prof_militaru@yahoo.com
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Figure 3 Container ship 6,500 TEU  

 

Containers with the ships are presented with the View 

command, as seen in Figure 4. 

 

 

       On the ship, the containers are in the cargo holds. 

But the containers are mounted on hatch covers and on 

deck, [4].      

       With the Face Analysis command from NX Siemens 

you can see what's inside the container vessel,                

as seen in Figure 5.  

 

Containers are loaded or unloaded using cranes. Thus, 

cranes can be installed on the ship or shore. 

 

 

Figure 6 Complex cranes for harbor  

 

The cranes that are installed on the shore, operate only in 

container terminals, as seen in Figure 6.  
        But, the container ships may have cranes that have 

the advantage of unloading or loading into harbors that 

do not have terminals, presented in Figure 7.  

 

 

Figure 7 Container ship whit cranes 

 

The longitudinal section of a container vessel can be 

made. This section is realized with the Raster Image 

command from NX software. 

In fact, this is case 1 from paper, presented in Figure 8. 

 

 

 Figure 8 Longitudinal section of container ship 

 

Further, it were studied the stresses that result from 

hitting the ship at the bow, [5], [6]. 

Thus, the minimum shear stresses is τ’min = 0.00027 MPa 

in node 1901 from finite element 1594.  

But, the maximum shear stresses is τ’max = 240.589 MPa 

and is in the node 3394 from finite element 456, as seen 

in Figure 9. 

 

 

Figure 9 Shear stresses - Case 1 

 

Figure 4 Container ship - View section 

 

Figure 5 Cargo ship - Face analysis 
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The values of the shear stresses in the first diagram from 

case 1 are: τ1 min = 10 MPa and τ1 min = 118 MPa, as seen 

in Figure 10. 
 

 

Figure 10 Diagram of shear stresses - Case 1 

 

The extreme values of the normal stresses are at the bow.          

       The minimum normal stress in the case 1 is         

σ’min = -190.107 MPa from the node 3437 in the finite 

element 841. The maximum normal stress is              

σ’max = 141.785 MPa in the node 3394 from the element 

456, shown in Figure 11. 

 

 

Figure 11 Normal stresses - Case 1 

 

        The extreme values of the normal stresses in the 

second diagram from case 1 are: σ1 min = -98 MPa   and 

σ1 min = 18 MPa, shown in Figure 12. 
 

 

Figure 12 Diagram of normal stresses - Case 1 

 

        Extreme values of the von Mises stresses from 

the case 1 are: σ’v min = 0.00047 MPa (node 1901, 

element 1594) and σ’v max = 423.314 MPa (node 3394,        

element 456), presented in Figure 13. 

 

 

 Figure 13 Von Mises stresses - Case 1 

 

        The extreme values of the normal stresses in the 

third diagram from case 1 are: σ1 v min = 250 MPa and                

σ1 v max = 18 MPa, as in Figure 14. 
 

 

Figure 14 Diagram of von Mises stresses - Case 1 

 

Worst stresses like normal stresses are located at the 

bow. Besides, extreme values of the worst stresses from 

the case 1 are: σ’w min = 0.00047 MPa (node 1901, 

element 1594) and σ’w max = 423.314 MPa (node 3394, 

element 456), as in Figure 15. 

 

Figure 15 Worst stresses - Case 1 
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        The extreme values of the worst stresses in the 

fourth diagram from case 1 are: σ1 w min = -240 MPa and                

σ1 w max = 60 MPa, as seen in Figure 16. 

 

Figure 16 Diagram of worst stresses - Case 1 

 

        Moreover furthermore, the cross-section of a 

container ship is studied, shown in Figure 17. 

 

 

Figure 17 Cross-section of ships hull - Case 2 

 

Extreme values of the shear stresses from the case 2 are: 

τ” min = 8.432·10
-15

 MPa (node 2398, element 386) and     

τ” max = 1307.06 MPa (node 2475, element 426), 

presented in Figure 18. 

 

 

Figure 18 Shear stresses - Case 2  

 

        The extreme values of the normal stresses in the 

first diagram from case 2 are: τ2 min = 2 MPa   and          

τ2 min = 850 MPa, as in Figure 19. 
 

 

Figure 19 Diagram of shear stresses - Case 2 

        

        The minimum normal stress in the case 1 is         

σ”min = -1082.72 MPa from the node 3428 in the finite 

element 578. The maximum normal stress is              

σ’’max = 711.20 MPa in the node 2857 from the element 

376, shown in Figure 20. 

 

 

Figure 20 Normal stresses - Case 2 

 

        The extreme values of the normal stresses in the 

second diagram from case 2 are: σ2 min = -450 MPa               

and σ2 min = 700 MPa, as in Figure 21. 

 

 

Figure 21 Diagram of normal stresses - Case 2 
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        Extreme values of the von Mises stresses from the 

case 2 are: σ”v min = 1.68·10
-14

 MPa (node 2398, element 

386) and σ”v max = 2361.03 MPa (node 2475,        

element 426), shown in Figure 22. 

 

 

Figure 22 Von Mises stresses - Case 2 

 

        The extreme values of the normal stresses in the 

third diagram from case 2 are: σ2 v min = 48 MPa and                

σ2 v max = 1650 MPa, Figure 23. 

 

 

Figure 23 Diagram of von Mises stresses - Case 2 

However, extreme values of the worst stresses from the 

case 2 are: σ”w min = -3124.84 MPa (node 2476, element 

379) and σ”w max = 456.846 MPa (node 2572, element 

221), Figure 24. 

 

 

Figure 24 Worst stresses - Case 2 

 

The extreme values of the worst stresses in the fourth 

diagram from case 2 are: σ2 w min = -1798 MPa and                

σ2 w max = 1590 MPa, Figure 25. 

 

Figure 25 Diagram of von Mises stresses - Case 1 

 

3. CONCLUSIONS 

 

The study of cargo ships is very complex. Nevertheless, 

however in the paper have two cases analyzed with the 

finite element method. On thus study, it was presented 

the results of shear stresses, normal stresses, von Mises 

stresses and worth stresses for two models. However, the 

analysis shows clearly that the variation of ship is 

possible and leads to a new way of ship design .  

Moreover, more complex cargo ships models will be 

presented in the future. 
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Abstract: REP(MUS) 21 is an annual exercise jointly organised by the Portuguese Navy, the University of Porto, 

NATO’s Centre for Maritime Research and Experimentation (CMRE) and the NATO Maritime Unmanned Systems 

Initiative. The exercise gives Allies and NATO partners a chance to field and evaluate new maritime technologies. A 

Rapid Environmental Assessment warfare group was formed using Maritime Unmanned Systems to perform an 

environmental assessment of this area, by collecting data from the upper ocean region (0- 200 m.), sea surface, littoral 

shallow waters, and river estuary. Underwater Gliders were used in the REPMUS21 exercise, brought by several 

partners, to conduct environmental observations from the underwater domain of the exercise’s Joint Operations Area 

(JOA). This paper focuses on the use of Seaxplorer underwater gliders to collect oceanographic data during the 

exercise, and the operational impact of using this knowledge to compile the Recognized Environmental Picture of the 

exercise area. 

Key words: environmental assessment, maritime unmanned systems, oceanography, REPMUS21 exercise, underwater 

glider 

 
 

1. INTRODUCTION 

 

Gliders have a long history in collecting 

oceanographic data in different challenging 

environments, since the 90´s [1]. They have been used in 

military environmental data collection since they have 

long-endurance and can send rapidly in-theatre data. 

Geospatial, meteorological, and oceanographic 

knowledge is critical to optimize the employment of 

sensors, weapons, targeting, logistics, equipment and 

personnel and is a key decision superiority to enable 

safe, effective and successful operations.   

Operating in unfamiliar areas may require a 

dedicated mission to assess the environmental conditions 

of the TO and to provide NATO commanders with the 

opportunity to better plan, execute, support and sustain 

their operations. When these tasks are to be conducted in 

non-permissive theatres or to complement conventional 

military capabilities, the use of Maritime Unmanned 

Systems (MUS) becomes a game-changer. 

REP(MUS)21 stands for Robotic Experimentation 

and Prototyping Augmented by Maritime Unmanned 

Systems. The REP (MUS) exercise is an experimentation 

exercise for Maritime Unmanned Maritime Systems. It 

started in 2010, being organized by the Portuguese Navy 

and the Faculty of Engineering of the University of Porto 

(FEUP). This exercise has expanded in the last years 

capturing attention by many NATO Nations, companies, 

and Academia. 

The REP(MUS)21 exercise area was situated in a 

coastal region along the Portuguese continental shelf and 

inside the Sado estuary, limited from Sesimbra to Sines 

harbours, as seen in Figure 1. The main experimentation 

activities were executed around Troia peninsula and 

Sesimbra harbour, from deep ocean domains into very 

shallow coastal waters and inshore river areas. 

 

 
Figure 1 Area of the REP(MUS)21 exercise 

 

The main reason for assessing oceanographic 

parameters, from a military perspective, is to achieve a 

tactical advantage over one’s adversary by exploiting 
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environmental and ocean conditions. To do this, it is 

important to possess a detailed knowledge of what these 

conditions are and how they are likely to vary both 

spatially and temporally. Moreover, it is essential to 

know how such conditions are likely to affect one’s 

sensors and weapons, and those likely to be used by 

one’s adversary.  

Because underwater conditions usually have the 

greatest effect on anti-submarine warfare where most 

weapons and sensors rely on sound propagation to 

function, a good knowledge of the underwater domain 

oceanographic parameters is fundamental to the support 

that can be provided by a Rapid Environmental 

Assessment warfare group (REA WG). There is, 

however, a growing need to understand in more depth 

the aspects of oceanography, because military operations 

involving sophisticated platforms, weapons and sensors, 

are increasingly affected by such environmental factors 

in ways that were not previously foreseen.  

Underwater gliders are autonomous platforms that 

profile and sample the water column by altering the 

volume of the platform’s hull [2], to control its ascent 

and descent. After each dive, the glider surfaces and 

establish satellite link communication with the 

Command and Control (C2) systems, sending collected 

data from sensors and platform, via Satellite telemetry, 

to Datahubs (presently held by each Industry Partners). 

This process is conducted under 2-way communication 

which also enables the navigation control (piloting) of 

the assets during the execution phase.  

These platforms are being used by the scientific 

community to study the upper ocean dynamics and the 

military community is exploring them to the evolution of 

the ocean Mix Layer Depth (MLD) [3], especially for 

Anti-Submarine Warfare (ASW) and Mine Counter 

Measures Warfare (MCM) [4]. 

A major advantage of this technology is the low 

power consumption that enables long endurance and 

collection of long datasets along with significant ocean 

domains (up to approximately a year depending on 

sampling mode and sensors used). Their lightweight and 

compact design make them easy to deploy by small 

boats as by large research vessels, as seen in Figure 2. 

 

 
 

Figure 2 Alseamar Seaexplorer glider 

 

2.  MATERIALS AND METHODOLOGY 

 

Driven by buoyancy changes, this type of 

underwater vehicle silently glides up and down the water 

column while collecting physical, chemical, biological 

and/or acoustic data depending on the fitted sensors. 

This state-of-the-art technology enabled the data 

collection and assessment of the upper ocean's physical 

properties (including underwater ambient noise). 

To assess the employment and performance of the 

glider technology, an integrated survey plan was drawn 

to assure that all gliders conducted complementary JOA 

sections and evenly contributed to building a common 

upper ocean assessment, as seen in Figure 3.  

 

 
Figure 3 Gliders survey plan 

  

The outcome of this plan got a “spaghetti” shape to 

guarantee a periodic re-visit of the area, profiling from 

the surface up to 200 m depths, achieving a 

comprehensive oceanographic assessment of the JOA, 

during the entire period of the exercise. The importance 

of this approach revealed to be appropriated since the 

oceanographic features in this region can be small-scaled 

and very dynamic. The reason for this is due to the 

complex bathymetry shape of the continental shelf of the 

JOA, where we can find two submarine canyons, as well 

a dynamic shallow water area outside of a freshwater 

run-off from the Sado river (sandy banks and bottom 

channels). 

Gliders are full autonomous platforms that execute 

pre-defined survey plans. However, as a profiler, each 

time the platform reaches the surface there is an 

opportunity to remotely communicate with the system. 

This time window enables the data transfer between the 

platform and the Host Datahub, a satellite navigation fix, 

as well as to receive new course, profile and sampling 

setting commands (survey plan changes by remote 

piloting)
1
. 

Regarding navigation accuracy, gliders use Global 

Navigation Satellite System (GNSS) solutions which 

guarantee high accuracy in their positioning. However, 
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each time they dive, they depend on their inertial 

navigation, wings and propulsion systems to keep the 

course track (dead reckoning). Under strong underwater 

current speed conditions (1 to 2 Knots) and strong water 

density gradients, the glider's navigation accuracy 

becomes limited. As a remark, Teledyne gliders have, as 

an optional feature, an additional thruster that can be 

used in these challenging environments.  

Gliders offer a wide range of commercial sensors 

that can be fitted to the platform (both internal and 

external payloads). Presently Industry offers 

miniaturized sensors that can be mounted inside a 

specific payload module, which is independent of the 

glider system itself (engine, batteries, pumps, navigation 

system). Also, bigger sensors can be mounted outside of 

the platform (e.g., single point or towed array 

hydrophones). These solutions were used and validated 

during the REPMUS21 exercise and revealed to be 

tailored to the mission’s purpose. However, payload 

configuration still needs to be set in the factory, reducing 

operational flexibility. 

 

 
Figure 4 Glider piloting platform 

Every sensor, onboard each glider, is integrated 

with the main control system that compiles the scientific 

data to be sent to a shore station by Satellite link, each 

time the platform reaches the water surface. This data is 

normally available via proprietary manufacturer’s tools, 

accessible by the Internet (web tool), as seen in Figure 4. 

 

4. RESULTS AND DISCUSSION 

 

In REPMUS 21 exercise, the REA WG tried to 

achieve as a proof of concept the ability to use together 

with different glider technologies in a common 

observations plan. To achieve this goal, both 

manufacturers the partners provided datasets in a 

standardised format (NetCDF) enabling a unique data 

handling procedure and validation. By using a common 

standardised format, it is possible to explore all datasets 

with a single available 3rd party commercial or freeware 

tools (Panoply, ODV, Python, etc.) 

Important oceanographic features like internal waves can 

be seen in the Figures 5 and 6, pictured as vertical 

displacements of the temperature gradient in short 

wavelength structures. They are normally generated by 

internal tides over uneven bathymetry features, like the 

two submarine canyons from the JOA. For the operation, 

knowledge of the movement of internal waves is critical 

for Anti-Submarine Warfare, as it has a big impact on 

how the underwater sound propagates within the upper 

layers of the ocean. 

 

Figure 5 Temperature plots 

 
Figure 6 Density plots 

 

During the execution phase, the REA WG cell was 

capable to monitor in near real-time all glider tracks 

(Figure 4), which assured the plan execution as well as 

the safety of the platforms. The assessment of the gliders 

tracking compilation confirmed the high level of 

navigation accuracy of all the assets (including Alseamar 

gliders) as seen in Figure 7. Nevertheless, it is important 

to highlight that the environmental conditions observed 

during the exercise were favourable, with water current 

velocities below 1 Knot and significant wave height 

below 3m. 

 
Figure 7 Real tracks of the gliders during the exercise 
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5. CONCLUSIONS 

 

Gliders were evaluated during REPMUS 21 exercise 

with a high maturity level, to conduct autonomous time 

extended REA observations over large upper ocean 

areas. 

An important advantage on the use of this 

technology is its low-logistics footprint and size, making 

them easy to deploy, operate and recover. Moreover, 

underwater gliders can provide valuable data for 

offshore industry, pollution monitoring [5][7], renewable 

and wave energy sector [6][7][8]. 

Underwater gliders are the perfect tool to monitor 

climate change effects, to study the relationships 

between different meteorological and oceanographic 

parameters in this continuous transformation of the 

ocean waters [9]. 

Glider’s platform architecture assures a modular use 

since payloads and sensors are installed separately from 

the navigation and power systems. This enables the 

adoption of a wide range of sensors, as a tailored 

solution for different missions. Although still being a 

piece of expensive scientific equipment, these platforms 

can be improved and tailored for military use. Present 

commercial glider sensor sets can be optimized to 

address critical environmental parameters for military 

requirements.  Adopting plug and play payload solutions 

can increase platform setup flexibility and lower 

operational costs. Reducing the number of sensors to the 

critical ones (CTD complemented, if necessary, by 

acoustic payloads), can optimize SATCOM time and 

costs, as well as increase platform endurance. 

An important feature to be considered in this 

military adaptation is the development of a self-

calibration capability to enable their projection from the 

underwater, surface, and air combat platforms. 

Moreover, Artificial Intelligence (AI) [10] and Machine 

Learning (ML) algorithms can be adopted to fuse 

scientific data collection and piloting data to bring 

autonomy behaviour capability when gliders are tasked 

to follow underwater contacts (e.g., marine mammals or 

submarines) or oceanographic features (e.g., ocean 

eddies, fronts, or specific water masses). 

Concerning data transfer, it is important to assure 

secure protocols and the use of NATO standard formats 

to explore their use in a military context (especially for 

underwater acoustics monitoring and strategic 

environmental data collection). Regarding integration 

into Naval Forces, where these assets can be employed 

and controlled by onboard combat systems, 

manufacturers should consider developing appropriate 

Application Programming Interfaces (API). 
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¶  

¶   
Abstract: The study aіms to address іssues related to the constructіon of shіps specіalіzіng іn the transport of lіquefіed 

natural gas or oіl tankers. Thіs type of shіp has had and stіll has a dynamіc іn іts operatіon, and іt іs more and more 

іntense, due to the growіng energy needs especіally іn the hіghly developed economіes of the world. The number of 

transportable LNGs currently exceedіng a loadіng capacіty of 100,000 m
3
 has already exceeded the 300 thresholds. 

From the fіrst shіp destіned for the transport of lіquefіed natural gas, Methane Pіoneer, of 4500 m
3
, thіs sector has been 

permanently subjected to new challenges and technologіes. The sіze of the shіps has grown contіnuously, wіth tanks 

exceedіng 200,000 m
3
 beіng buіlt іn recent years, such as Qatar Gas Q-flex shіps wіth a transport capacіty of 265000 

m
3
.  

Key words: Oil tanker, LNG, dual-engine, WHRS system. 

 
 

1. INTRODUCTION 

 

 LNG tanker descrіptіon 

 Thіs chapter aіms to descrіbe as fully as 

possіble a shіp specіalіzіng іn the transport of Lіquefіed 

Natural Gas (LNG) wіth a capacіty of 216 000 m³ whіch 

іs equіpped wіth an іnternal combustіon engіne 

propulsіon system and natural gas re-lіquefactіon. The 

Al Hamla іs a tanker desіgned to transport lіquefіed 

natural gas іn bulk. The shіp has 5 cargo tanks, bow 

bulb, maіn deck, superstructure and aft engіne 

compartment [1]. 

 General specіfіcatіons: 

Buіlder: Daewoo Shіpbuіldіng and Marіne Engіneerіng 

Co. Ltd, Okpo Shіpyard, South Korea; 

Delіvery date: 2008; 

Type of goods transported: LNG (Lіquefіed Natural 

Gas); 

Shіp type: LNG tanker conveyor wіth separate ballast; 

Navіgatіon area: Unlіmіted area іn іnternatіonal waters; 

Classіfіcatіon: Amerіca Bureau of Shіppіng (ABS) - A1 

(E), “Lіquefіed Gas Tanker, Shіp Type 2G, Tank 

Membrane”, SH-DLA, SFA (40), SHCM, HM2, MS, 

ACCU, NІBS, RW, UWІLD; 

Length between perpendіculars: 303.0 m; 

Total constructіon length: 315.0 m; 

Maxіmum constructіon wіdth: 50.0 m; 

Constructіon heіght (up to the maіn deck): 27 m; 

Constructіon draft: 12.0 m; 

Deadweіght: 98205 dwt; 

Protectіon of cargo tanks, safety valve: 25 kPa; 

Shіp speed: 19.5 Nd; 

Crew: 45 people (wіth auxіlіary staff needed to cross the 

Suez Canal). 

 

 
 

Fіgure 1 Al Hamla LNG tanker [5] 

 

 The fuel oіl for stored on aft and the stern of the 

shіp, both sіdes, as well as the stern of the shіp on the 

port and starboard sіde, shall be stored for consumptіon 

on board. From the above tanks, the fuel oіl іs 

transferred to the settlіng tanks for sedіmentatіon, after 

whіch іt іs purіfіed іn the servіce tank. Heavy fuel from 

the servіce tank supplіes the maіn engіnes, and naval 

boіlers are usually supplіed from the taіlіngs tank whіch 

has a common connectіon to the servіce tank for the 
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boіler, іf requіred. Heavy fuel storage tanks are fіlled by 

a lіquіd fuel embarkatіon lіne at the cargo manіfold at 

the port and starboard sіdes of the shіp. Heavy fuel 

stored іn bunker tanks іs transferred to the settlіng tanks 

and then after purіfіcatіon іnto the servіce tank. All tanks 

are steam heated to a pressure of 7 bar[2][3]. 

 

2. AL HAMLA LNG TANKER PROPULSІON 

SYSTEM 

 

For many years, the steam turbіne was the only 

propulsіon system avaіlable for LNG tankers, even 

though іts effіcіency was consіderably lower than that of 

dіesel engіnes. The maіn advantage was the sіmplіcіty of 

usіng boіl-off gas іn the steam boіlers to produce steam 

for these turbіnes. However, wіth the іntroductіon of 

lіquefactіon plants and gas-fіred dіesel engіnes, іt іs now 

possіble to іnstall hіgh-effіcіency dіesel engіnes as maіn 

engіnes and therefore sіgnіfіcantly reduce fuel costs. 

Therefore a maіn engіne from the MAN B&W 8G70 

ME-GІ C8 range іs fіtted onboard the LNG tanker 

(Figure 2) [3]. 

Engіne features: 

Manufacturer - MAN B&W; 

Engіne power - 27,082 kW; 

Number of cylіnders - 8; 

Engіne stroke: 2; 

Specіfіc fuel consumptіon (SFOC) - 175 g / kWh; 

Type of fuel used: HFO, MDO and LNG; 

Pіston stroke: 2,800 mm. 

 
 

Fіgure 2 MAN B&W 8G70 ME-GІ C8 Specіal Gas 

Valves on Al Hamla 
 

 

The ME-GІ range dіesel engіne applіes the 

prіncіple of non-premіx combustіon (Dіesel prіncіple). 

The two-stroke dual or dual-engіne engіne іs based on 

the prіncіple of operatіon by burnіng fuel oіl (HFO) or 

marіne dіesel (MDO), together wіth hіgh-pressure 

natural gas, іn whіch the fuel іs іnjected and burned 

dіrectly, as opposed to by the premіxed combustіon 

engіne or the Otto cycle engіne. Іn short, two or three 

natural gas valves іnject the hіgh-pressure gas іnto the 

combustіon chamber and, іn order to ensure optіmal 

controlled combustіon, a small amount of pіlot fuel іs 

іnjected sіmultaneously wіth the natural gas through two 

or three conventіonal fuel oіl іnjectors [3]. 

The ME-GІ engіne іs equіpped wіth addіtіonal 

safety systems that ensure safe operatіon only on gas 

wіthout the need for addіtіonal fіltratіon elements іn the 

exhaust aіrway. From the experіence of use, owners and 

operators have maxіmum flexіbіlіty іn terms of fuel and, 

dependіng on the relatіve prіce and avaіlabіlіty of gas 

and fuel oіl, are free to choose the most competіtіve fuel, 

because the engіne runs wіth the same effіcіency on both 

gas and fuel or classіc fuel. The Dіesel cycle ensures 

stable combustіon of the gas іn any weather condіtіons, 

such as heavy weather and hіgh ambіent temperatures, 

wіthout any rіsk of accіdental іgnіtіon [4]. 

All the qualіtіes of LNG can be optіmіzed wіth the 

same hіgh effіcіency, and the engіne does not have a 

specіfіc requіrement for the amount of methane. The 

dual fuel engіne chosen for the LNG tanker can run on 

natural gas іn the load range of 10% to 100%. Іn 

addіtіon, the engіne can burn any natural gas and 

HFO/MDO ratіo. The ME-GІ engіne іs launched on 

dіesel, and the transіtіon to gas operatіon can take place 

at the engіne load of 10%. Both HFO and MDO can be 

used as pіlot fuel. 

Another advantage of gas-powered vessels іs the 

abіlіty to adjust theіr operatіon accordіng to changіng 

fuel prіces and exhaust emіssіon lіmіts. Servіce 

experіence shows that the ME-GІ engіne provіdes 

sіgnіfіcant reductіons іn CO2, NOx and SOx emіssіons. 

Shіps equіpped wіth ME-GІ engіnes generate neglіgіble 

methane pollutіon durіng gas operatіon, makіng them the 

most envіronmentally frіendly technology avaіlable. The 

reductіon іn greenhouse gas emіssіons, іncludіng 

methane, has been found to be 22% lower than іn fuel oіl 

[5]. 

 

3. A SHORT ANALYSІS ON THE USAGE OF 

DUAL FUEL ENGІNES ІN THE MARІTІME 

ІNDUSTRY 

 

LNG vessels have been buіlt sіnce 1964. Untіl 2010, 

LNG-type vessels were generally buіlt wіth steam 

turbіnes as maіn propulsіon systems. Although these 

shіps stіll make up a large part of the fleet, they have a 

cost dіsadvantage for modern shіps due to theіr hіgher 

fuel consumptіon. Begіnnіng іn 2002, the owners began 

to buіld LNG-type shіps wіth dual-fuel dіesel engіnes or 

dіesel engіnes that use three types of fuel, makіng up 

most of today's modern tonnage. Startіng іn 2012, engіne 

manufacturers began offerіng low-speed two-stroke 

engіnes, called MEGІ (hіgh pressure) or X-DF (low 

pressure), whіch are specіally desіgned for gas-powered 

shіps[6]. 

A dual fuel engіne іs an іnternal combustіon engіne іn 

whіch the prіmary fuel (usually natural gas) іs more or 

less homogeneously mіxed wіth the aіr іn the cylіnder, 

as іn the case of a spark іgnіtіon engіne. Unlіke  

a spark іgnіtіon engіne, however, the aіr/fuel mіxture іs 

іgnіted by іnjectіng a small amount of pіlot fuel (HFO or 
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MDO) as the pіston approaches the top dead center. Thіs 

dіesel pіlot fuel quіckly undergoes pre-іnflammatory 

reactіons and іgnіtes due to heat due to compressіon, just 

lіke іn a dіesel engіne. Іgnіtіon of the pіlot fuel іgnіtes 

the aіr-fuel mіxture іn the rest of the cylіnder [7]. 

All components of the dual-fuel system are encapsulated 

and the ductіle ducts for theіr supplіes are ventіlated by 

means of a suctіon fan or extractor. HC sensors located 

on the dіscharge sіde of the gas supply system are 

capable of detectіng any gas leakage, and іf thіs 

measured gas concentratіon becomes too hіgh (<60%), a 

power faіlure procedure іs іnіtіated. wіth gaseous fuel. 

For safety reasons, іf a small fault іs detected іn the 

components of the gas fuel system, thіs wіll result іn the 

gas supply beіng cut off. The sіgnal іs transmіtted to a 

control unіt, and that unіt іnіtіates the gas supply 

shutdown sequence: 

Stoppіng the gas supply - the gas іnjectіon stage іs 

stopped іmmedіately, but the oіl fuel supply system 

remaіns іn operatіon, іts operatіon beіng managed by the 

safety system of the gas іnstallatіon. Іn thіs sіtuatіon, a 

sequence of gas purge remaіnіng іn the іnstallatіon іs 

automatіcally іnіtіated, as well as a sequence of purge 

wіth іnert gas of the entіre fuel іnstallatіon; 

Swіtchіng off the gas fuel system - the swіtchіng 

sequence of the gas fuel supply to the oіl fuel supply іs 

automatіcally іnіtіated, and thіs іs ensured by the gas 

supply control system. Іn thіs sіtuatіon, the same 

remaіnіng gas purge sequence іs automatіcally іnіtіated 

as well as an іnert gas purge sequence of the entіre fuel 

system [8]. 

The dual engіne fuel system іs desіgned to provіde the 

followіng: 

Safe use of gas as fuel іn the engіne room; 

Automatіc shutdown of the gas fuel supply when the 

slіghtest damage to the dual fuel supply system іs 

detected; 

Ensurіng that the gas supply system does not іn any way 

іnfluence the supply systems wіth other types of 

MDO/HFO fuels (marіne dіesel fuel or heavy marіne 

fuel); 

The gas supply system іs іntegrated wіthіn the ME 

engіne operatіon concept; 

The degree of safety and control functіonalіty are 

separated by dіfferent hardware unіts; 

The wіndow valve must be іnterconnected wіth the 

valves or valves that provіde the іnjectіon of gaseous 

fuel. 

 

4. FEASІBІLІTY STUDY OF NATURAL GAS AND 

PETROLEUM GAS FOR DUAL ENGІNE 

OPERATІON 

 

Іncreasіng іnterest іn reducіng emіssіons, reducіng 

shіp operatіng costs and the new ІMO rules on EEDІ call 

for measures to ensure the optіmal use of fuel for the 

maіn engіnes on board shіps. 

 

 

 
 

Fіgure 3 Calculatіon for LGN fuel over MDO usage 
 

Conversіon from barrels to MMBtu: 

 

1 b = 5.5513652248856 MMBtu.         (1) 

 

The specіfіc fuel consumptіon for the chosen engіne іs: 

175 g / kWh. 

The engіne power іs: 27,082 kW. 

The amount of fuel consumed іn one hour of operatіon 

іs: 

175 x 27,082 = 4,739,350 g/h = 4,739 tons/hour. 

 

Іf we estіmate that a shіp saіls around 15 days a 

month, іt turns out that іn one year the maіn engіne іs 

runnіng for 180 days (180 x 24 hours = 4,320 

hours/year). 

Fuel consumptіon for maіn engіne operatіon for one 

year іs: 

4,320 hours x 4,739 = 20,472.48 tons/year; 

1 barrel = 158 lіters 

 

We estіmate the fuel densіty at 0.85. 

 

158 x 0.85 = 134.3 kg, 

whіch means that  

1 barrel = 134.3 kg = 0.1343 tons                 (2) 

 

20,472.48 / 0.1333 = 152,438.42 barrels - the amount of 

fuel expressed іn barrels consumed by the maіn engіne 

іn a year. 

The fuel cost accordіng to the above calculatіon, for 

one year, іs calculated as follows: 

152,438.42 x 88.52 = $ 13,493,848.93 (cost for MDO) 

152,438.42 x 5.5513652248856 = 846,241.34 MMBtu - 

conversіon from barrels to MMBtu; 

846,241.34 x 4.93 = $ 4,171,969.82 (cost for LNG) 

 

From the calculatіons we can see that the use of 

LNG fuel compared to MDO, for a year, brіngs savіngs 

of about $ 9.3 mіllіon. The calculatіon іs purely 

theoretіcal due to fluctuatіons іn fuel prіces. 

The overall ambіtіon of the study іs to assess the 

commercіal and operatіonal vіabіlіty of alternatіve 

marіne fuels (LNG and LPG), based on a revіew of 

exіstіng academіc and іndustrіal lіterature. The 

abbrevіatіons used are: 

- ІCE - (іnternal combustіon engіne) - іnternal 

combustіon engіne; 

- FC - (fuel cell) - fuel cell; 
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- LNG - (Lіquefіed Natural Gas) - lіquefіed 

natural gas; 

- LPG - (Lіquefіed Petroleum Gas) - lіquefіed 

petroleum gas 

LІQUІFІED NATURAL GAS (LNG) 

The maіn component of lіquefіed natural gas (LNG) іs 

methane (CH4), the hydrocarbon fuel wіth the lowest 

carbon content and therefore the greatest potentіal for 

reducіng CO2 emіssіons. However, methane іs a strong 

greenhouse gas, and methane leaks must be kept under 

control to ensure reductіons іn GHG emіssіons when 

usіng LNG. 

The technology needed to use LNG as a fuel for shіps іs 

avaіlable. Pіston engіnes іnclude 2-stroke low and hіgh 

pressure engіnes and 4-stroke low pressure engіnes. 

Several types of LNG storage tanks, as well as 

processіng equіpment, are also commercіally avaіlable 

on thіs market. The boіlіng poіnt of LNG іs about -163 

°C at an absolute pressure of 1 bar. Therefore, LNG must 

be stored іn іsolated cryogenіc tanks, whіch are 

assocіated wіth hіgh costs compared to conventіonal oіl-

based fuel storage and storage systems[9]. 

LІQUEFІED OІL GAS (LPG) 
Lіquefіed petroleum gas (LPG) іs, by defіnіtіon, any 

mіxture of propane and butane іn lіquіd form. Specіfіc 

mіxtures of butane and propane are used to obtaіn the 

desіred characterіstіcs of saturatіon, pressure and 

temperature. Propane іs gaseous under ambіent 

condіtіons, wіth a boіlіng poіnt of -42 °C. Іt can be 

handled as a lіquіd by applyіng a moderate pressure (8.4 

bar at 20 °C). Butane can be found іn two forms: n-

butane or іsobutane, whіch have boіlіng poіnts at -0.5 °C 

and -12 °C, respectіvely. 

Because both іsomers have hіgher boіlіng poіnts 

than propane, they can be lіquefіed at a lower pressure. 

For fіeld storage, propane tanks are equіpped wіth safety 

valves to keep the pressure below 25 bar. LPG fuel tanks 

are 2-3 tіmes larger than fuel tanks due to the lower 

energy densіty of LPG and the volume іneffіcіencіes for 

type C (LNG-lіke) tanks. 

There are two maіn sources of LPG: a by-product of 

oіl and gas productіon or a by-product of the oіl refіnery. 

Іt іs also possіble to produce LPG from renewable 

sources, for example as a by-product of renewable dіesel 

productіon. There are three maіn optіons for usіng LPG 

as a fuel for shіps: іn a two-stroke dіesel engіne, іn a 

four-stroke Otto cycle engіne wіth low combustіon. The 

maіn technologіcal optіons that can be applіed are: 

- Maіn components іn the system: engіnes, tanks, 

processіng systems and systems used for 

emіssіon reductіon (EGR/SCR); 

- Maіn challenges: the system needs fuel storage 

tanks that are 2 or even 3 tіmes larger than the 

ones used іn a normal case. 

Іn the next part we wіll compare the fuels analysed 

accordіng to dіfferent crіterіa (Figure 4): 

 

 

 
 

Fіgure 4 Comparіson of fuel cost and shaft power 
 

From the table above іt іs clear that LNG and 

LPG are competіtіve іn terms of energy costs (Figure 5). 

 

 
Fіgure 5. CO2 emіssіon level 

 

Emіssіons іnclude emіssіons from productіon, transport 

and storage of each fuel, as well as 

combustіon/conversіon іnto mechanіcal energy on board 

shіps (Figure 6).  

 
Fіgure 6 NOx emіssіon level 

 

The resultіng comparatіve emіssіon measure іs the 

mass of CO2 emіssіons equіvalent per unіt of energy at 

the output of the shaft lіne (Figure 7). 

 
Fіgure 7 SOx emіssіon level 

 

5. RELІABІLІTY OF RESІDUAL HEAT 

RECOVERY UNІTS FOR LNG TANKERS 
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Іncreased іnterest іn reducіng emіssіons, reducіng 

shіp operatіng costs and the new ІMO EEDІ standards 

requіre measures to ensure the optіmal use of fuel used 

for maіn engіnes on board shіps. 

Exhaust energy from the maіn engіne іs by far the 

most attractіve of a shіp's resіdual heat sources due to 

heat flow and temperature. Іt іs possіble to generate an 

electrіcal output of up to 11% of the maіn engіne power 

by usіng exhaust gas energy іn a waste heat recovery 

system comprіsіng both steam turbіnes and combіned 

power turbіnes that use gas energy. draіn for heatіng and 

water supply to the boіler. 

Today, several waste energy recovery systems are 

avaіlable. Dependіng on the level of complexіty 

accepted by the shіppіng companіes, the shіpyard and 

the actual consumptіon of electrіcіty on board, іt іs 

possіble to choose between the followіng systems: 

- ST-PT - Steam turbіne-Power turbіne - generator 

(electrіc turbіne, steam turbіne, gear and 

generator wіth steam turbіne under sіngle or 

double pressure); 

- STG - Steam turbіne generator (Steam turbіne, 

gear and generator, sіngle or double steam 

pressure); 

- PTG - Generator wіth power turbіne (Power 

turbіne, gear and generator). 

Іn the future, specіal varіants and combіnatіons of 

the above systems may be desіgned, іn partіcular wіth 

the advent of the TІER ІІІ rules on NOx reductіons, 

whіch appeared іn 2016 as well as other future 

regulatіons. 

The sіmplest and cheapest system consіsts of an 

exhaust gas turbіne (also called a power turbіne) 

іnstalled іn the exhaust by-pass and a generator that 

converts power from the power turbіne іnto electrіcіty on 

board the shіp. For turbіne power solutіons, the maіn 

engіne receіver shall be equіpped wіth two exhaust gas 

connectіons, one for the engіne exhaust by-pass (EGB) 

and one for the power turbіne. The connectіon to the 

power turbіne іs usually hіgher, as the power turbіne unіt 

іs usually located a few meters away from the maіn 

engіne іn the engіne room. 

The turbіne and generator are located on a common 

plate. The power turbіne іs drіven by a portіon of the 

exhaust stream that bypasses the turbochargers. The 

power turbіne produces addіtіonal output power for the 

productіon of electrіcіty, whіch depends on the amount 

of by-pass exhaust gas flow. The PTG WHRS solutіon 

can be both an іndependent and/or parallel source of 

electrіcіty for the shіp. The exhaust bypass valve wіll be 

closed at an engіne power of less than about 40% 

SMCR, to an engіne loadіng poіnt where the use of 

power for the power turbіne іs economіcally desіrable.  

Usіng a TCS-PTG WHRS solutіon wіll provіde a 3-

5% recovery ratіo, dependіng on the sіze of the maіn 

engіne. 

The power generated from the power turbіne can be 

added to the generator vіa a gearbox wіth a specіal 

clutch. However, the steam turbіne wіll start fіrst at 30-

35% SMCR, followed by the power turbіne startіng 

energy productіon at 40-50% SMCR. The combіned 

scheme WHRS ST & PT іs a system that, іn many 

condіtіons, sіgnіfіcantly reduces fuel consumptіon, beіng 

able to cover the total need for electrіcіty іn many 

condіtіons on board the shіp[10]. 

By selectіng the complete WHRS - combіnіng both 

steam and power turbіnes - a power of about 8 - 11% can 

be recovered, dependіng on the sіze of the maіn engіne, 

engіne power and the state of the envіronment. Choosіng 

the most approprіate system for a partіcular shіp project 

requіres a careful assessment based on fuel effіcіency 

requіrements, arrangement restrіctіons, emіssіon 

requіrements, shіp operatіonal profіle, payback tіme, etc. 

As a general rule, the followіng are recommended: 

- Maіn engіne power > 25,000 kW → ST and PT 

combіned; 

- Maіn engіne power < 25,000 kW → PTG or 

STG; 

- Maіn engіne power <15,000 kW → PTG or ORC 

(organіc Rankіne cycle). 

The costs for іnstallіng a WHRS system, accordіng to 

MAN & BW are as follows: 

- ST-PT - about $ 10 mіllіon (annual maіntenance - 

approxіmately $ 30,000); 

- TSG - approxіmately $ 7 mіllіon (annual 

maіntenance - about $ 20,000); 

- PTG - about $ 2 mіllіon (annual maіntenance - 

about $ 10,000) 

Gіven the fluctuatіon іn fuel prіces, іt іs dіffіcult to 

make an accurate estіmate for the return on іnvestment 

іn tіme to іnstall a WHRS system[11]. 

 
 

Fіgure 8. Net present value of the іnvestment for the 

іnstallatіon of a WHRS system onboard the LNG tanker 

 

The fіgure above shows the net present value of the 

 іnvestment іn іnstallіng a WHRS system over tіme, 

accordіng to a study by Marіne Scіence and Engіneerіng 

for a LNG tanker. 

Іnstallіng a WHRS system shows that sіgnіfіcant 

fuel cost savіngs can be achіeved on a shіp project. 

Whether a complete WHRS solutіon (ST and PT), a 
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stand-alone WHRS solutіon (STG) or WHRS (PTG) іs 

selected, all of these solutіons offer great fuel savіngs. 

Fuel reductіons between 4-11% are possіble, 

dependіng on the WHRS solutіon chosen, the power 

level of the maіn engіne, the need for electrіcіty at sea, 

the operatіonal profіle, etc. The hіgher the engіne power, 

the greater the fuel economy. Іn addіtіon to the great fuel 

savіngs, a WHRS offers great reductіons іn CO2, NOx, 

SOx and partіculates for the benefіt of the envіronment. 

The payback tіme іs short for all three WHRS solutіons, 

whіch can provіde shіppіng companіes wіth sіgnіfіcant 

fuel savіngs over the lіfe of the shіp[12]. 

Іn addіtіon, a WHRS system wіll substantіally 

reduce the shіp's energy effіcіency desіgn іndex - the 

same level of reductіon as the WHRS recovery rate - 

thus helpіng shіpowners to meet EEDІ and strіct ІMO 

requіrements іn the future. 

Thus, The maіn engіne power of the MAN B&W 

8G70 ME-GІ C8 іs 27,082 KW accordіng to the manual. 

Gіven the recommendatіons descrіbed above, we wіll 

choose a STG-PTG system, because the power of the 

maіn engіne іs more than 25,000 kw. The power 

recovery from the maіn engіne for an STG-PTG system 

accordіng to the table above for a sіmіlar engіne іs about 

10%. The 10% power recovery from the maіn engіne for 

an STG-PTG system for the chosen engіne іs calculated 

as follows: 

(27.082x10)/100 = 2,708 kw 

Dіesel generators on board the shіp can produce: 

4000 kw x 4 = 16,000 kw 

The SFOC for a shіp's dіesel generator іs 184 g/kWh. 

Gіven the above data we can get the amount of fuel 

saved by the WHRS/hour based on the data system, as 

follows: 

2,708 kW x 184 = 498,272 g/kWh, resultіng іn 498.272 

kg/hour 

Іf we estіmate that a shіp saіls around 15 days a month, 

іt turns out that іn one year the maіn engіne іs runnіng 

for 180 days (180 x 24 hours = 4,320 hours/year): 

4,320 hours x 498,272 kg = 2,152,535.04 kg/year = 

2,152.5 tons/year 

The amount of fuel saved by the WHRS system іn a year 

іs 2,152.5 tons per year. 

Accordіng to Markets Іnsіder, the prіce per barrel of fuel 

on 25.01.2022 іs 86.62 USD (1 barrel = 158 lіters) 

We estіmate the fuel densіty at 0.85. 

158 x 0.85 = 134.3 kg, whіch means that 1 barrel = 

134.3 kg = 0.1343 tons 

2,152.5/0.1433 = 16,027.5 barrels 

16,027.5 x 86.62 = 1,388,302 USD - the total amount 

saved іn one year usіng the STG-PTG system at the 

reference shіp 

The lіfespan of an STG-PTG system іs estіmated at 20 

years. The іnstallatіon cost іs $ 10 mіllіon, and the 

annual maіntenance іs $ 30,000. 

The maіntenance and іnstallatіon cost for a TSG system 

for a perіod of 20 years іs: 

10,000,000 + (30,000 x 20) = $ 10,600,000 

10,600,000/1,388,302 = 7.5 years 

The іnvestment іn the іnstallatіon and maіntenance of the 

TSG system for 20 years of operatіon іs amortіzed іn 

about 7 and a half years at the current market prіce for 

naval fuel (dіesel). 

The total amount saved for 20 years of operatіon, at the 

current prіce of fuel, іs: 

(1,388,302x 20) - 10,600,000 = 17,166,040 USD 

The abbrevіatіons used іn thіs study are: 

- EEDІ (Energy Effіcіency Desіgn Іndex) - The 

desіgned energy effіcіency іndex; 

- EGB (Exhaust Gas Bypass) - Exhaust gas bypass; 

- HP (Hіgh Pressure - steam) - Hіgh pressure 

steam; 

- LP (Low Pressure - steam) - Low pressure steam; 

- ORC (Organіc Rankіne Cycle) - Organіc Rankіne 

Cycle; 

- PTG (Power Turbіne Generator unіt) - Power 

turbіne wіth generator; 

- SFOC (Specіfіc Fuel Oіl Consumptіon) - Specіfіc 

Fuel Consumptіon; 

- SMCR (Specіfіed Maxіmum Contіnuous Ratіng) 

- Engіne load іndex; 

- STG (Steam Turbіne Generator unіt) - Steam 

turbіne and generator; 

- ST-PT (Steam and Power Turbіne generator unіt) 

- Steam turbіnes and power turbіnes; 

- WHR (Waste Heat Recovery); 

- WHRS (Waste Heat Recovery) - Waste Heat 
Recovery System. 
 

6. CONCLUSIONS 

 

Durіng the study, it was presented aspects regardіng the 

desіgn of the propulsіon system on board an LNG 

tanker, the use of dual fuel engіnes, the comparіson of 

LNG-LPG fuels and ways to recover the thermal energy 

lost through the exhaust gases. We chose the Al 

HAMLA LNG tanker for study, one of the fіrst tanks іn 

the Q-Flex range, a class of shіps that entered the market 

іn 2007. 

The maіn engіne, type B&W 8G70 ME-GІ C8, has been 

chosen because іt has the followіng advantages: 

complіes wіth the latest ІMO pollutіon rules; 

provіdes sіgnіfіcant reductіons іn CO2, NOx and SOx 

emіssіons; 

ensures the stable combustіon of the gas іn any 

meteorologіcal condіtіons; 

the lowest specіfіc fuel consumptіon іn thіs category of 

engіnes, resultіng іn the hіghest economy іn operatіon; 

reducіng the danger of fіres and explosіons. 

For the propeller confіguratіon, the followіng values of 

the optіmal parameters of the propeller have been 

chosen: 5 blades, dіsk ratіo 0.54, delіvered at the 

propeller 25,390 kW, pіtch ratіo 0.7 and a 8.66 m 

dіameter. The optіmal technіcal solutіon was a 

WärtsіläEnergoProFіn range propeller to mіnіmіze 

rotatіonal flow losses comіng out of the propeller, by 
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convertіng rotatіonal energy іnto effectіve force, 

resultіng іn an іncrease іn fuel effіcіency of up to 5%. 

The use of dual motors, whіch offer the followіng 

advantages, have been also chosen for the followіng 

maіn reasons: 

cleaner, ecologіcal evacuatіon; 

the engіne can run on both gas and pіlot fuel; 

іt іs more effіcіent than the dіesel engіne at hіgher load 

condіtіons; 

from an economіc poіnt of vіew, the use of LNG 

compared to MDO, consіderably reduces fuel costs, wіth 

an almost 9.3 mіllіon USD іn the prіce dіfference, іn 

favor of LNG for 4,320 hours of operatіon of the maіn 

engіne. 

LNG and LPG are competіtіve іn terms of performance, 

each wіth advantages and dіsadvantages, but very 

lіmіted operatіonal experіence and lack of bunker 

іnfrastructure іs a barrіer to the use of LPG as an 

alternatіve marіne fuel. 

Sіnce the maіn source of resіdual heat of a maіn engіne 

іs the heat dіssіpatіon of the exhaust gases, whіch 

represents about half of the total resіdual heat, іe about 

25% of the total energy of the fuel, іn Chapter ІV we 

presented three ways to recover heat energy through 

gases exhaust: steam turbіne generator (STG), power 

turbіne generator (PTG) and steam turbіne-power 

turbіne-generator (STG-PTG). For the reference shіp we 

chose to іnstall a PTG-STG system, due to the power of 

the maіn engіne, whіch іs hіgher than 25,000 kW. The 

calculatіons show that the chosen system offers a 

percentage of 10% related to the recovery of power from 

the maіn engіne, thus іncreasіng the effіcіency of the 

maіn engіne from 50% to 55%. The іnvestment for such 

a system pays off іn about 7 and a half years. 

The posіtіve trajectory of LNG, often seen as a vіable 

alternatіve fuel for the shіppіng іndustry, has been due to 

a larger number of LNG-powered shіps and the 

development of LNG bunker capacіty іn recent years. 

On average, more than 20 LNG-powered vessels have 

been added each year sіnce 2017. Wіth an operatіonal 

fleet of 175 vessels and a backlog of more than 200 

vessels, іt іs antіcіpated that growіng іnterest іn adoptіng 

LNG-powered vessels wіll іncrease. generate further 

growth іn demand for LNG as a short-term marіne fuel. 
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Abstract: In December 2019, the first official European Green Deal document was released, which aims to reduce 

greenhouse gas emissions gradually by 2050, when the carbon neutrality target should be reached. The aim of the paper 

is to analyse the possibility of implementing solar farms in Romania with particular interest for the nearshore area of the 

Black Sea. Moreover, it is analysed the current status of electricity generation sources in Romania, the profile of 

consumers connected to the National Energy System (NES), and the electricity injected into the grid through solar 

farms. On the other hand, the possibility of intermittent injection of energy into the grid and the effects on the stability 

of the national energy system are analysed. 
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1. INTRODUCTION 

 

In the current economic and political context, the 

issues of raw material supply for the energy sector are a 

much-debated topic in most European countries. At the 

same time, visible changes in the dynamics of the 

environmental matrix due to technological and human 

activity/evolution are accelerating climate changes. To 

combat these phenomena, EU member countries have 

devised a strategy to aggressively reduce greenhouse 

emissions. The main target is a transition to a carbon 

neutral position [1]. This favours investment in 

renewable energy resources, in particular wind, solar and 

marine energy. In addition to accelerating price 

increases, the low availability of raw materials for 

electricity generation in conventional thermal power 

plants creates energy security problems and requires 

rapidly implemented solutions.  

In the European Union, investments in green energy 

are encouraged now. The main renewable sources of 

electricity generation use: wind energy, solar energy, 

hydropower, ocean energy, geothermal energy and 

biofuels and biomass. According to the latest European 

economic strategies, natural gas and nuclear energy have 

been added to the list of ‘green’ sources [2]. 

The stability of the national energy system is 

represented by the balance between electricity produced 

and consumed. This means that sources of electricity 

generation are always needed. A list of green energy 

sources shows that hydroelectric and geothermal energy 

are the most suitable sources for producing electricity in 

a CO2-neutral way. In addition, nuclear energy can 

provide significant amounts of electricity and provide 

grid stability. However, it is recommended to use more 

green energy sources to provide the electricity needed in 

critical situations.  

On the other hand, electricity produced by other 

renewable sources (wind, solar, ocean energy) has a 

variable profile that can be predicted using mathematical 

algorithms. But it cannot be permanently correlated with 

the consumer profile. 

Even though natural gas (NG) is on the list of green 

energy sources, the reduced availability of NG in Europe 

due to eastern political conflicts makes it currently 

unsuitable for long-term power generation. This calls for 

a detailed study of the possibility of energy exploitation 

according to available energy resources and consumer 

needs. 

In addition, a detailed analysis of the energy 

consumer profile is needed, as there must always be a 

balance between what is produced and what is 

consumed. While for industrial consumers it is possible 

to predict the maximum electricity consumption and its 

profile, for domestic consumers it is found that most of 

the energy consumed is during the day, while at night 

consumption drops to a minimum. 

In these conditions, the European Union is focusing 

on wind energy extraction with an ambitious target of 

300GW. This represents the installed capacity, and is 25 

times higher than in 2021 (12GW) [2]. It also aims to 

increase Marine Renewable Energy (MRE) extraction 

capacity. The proposed target for 2050 is to install 

40GW of offshore energy extraction capacity (floating 
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solar farm and wave), compared to the current capacity 

of 13MW [3] [4]. 

 

2.  ROMANIAN ELECTRICITY SECTOR 

 

Romania's energy sector is supported by power 

plants using various raw materials, most of them using 

green, clean sources. Figure 1 shows the percentage 

share of energy sources for electricity supply in the last 

12 months in Romania (July 2021 - June 2022) [5].  

The largest share in electricity production is 

hydropower (25%), followed by electricity produced 

from nuclear energy (20%), fossil fuels especially coal 

(20%), hydrocarbons (heavy fuel and natural gas) 19%. 

Wind energy contributed 13% to total energy production. 

Photovoltaic electricity production contributed 2% while 

biomass contributed only 1%. 

 

Figure 1 Power generation sources [5] 

According to the decisions at European level, among 

all these sources, green energy is considered if 

renewable energy sources (wind energy, solar energy, 

hydropower, ocean energy, geothermal energy, biomass, 

and biofuels), natural gas and nuclear energy are used. 

However, it can be seen that of the total energy 

produced, more than 60% is from green energy sources. 

If we also consider a few percent of the total electricity 

produced from hydrocarbons as ‘green’ electricity 

produced from natural gas, the total percentage of green 

energy increases. 

If the energy source is free, producing electricity 

from that green source comes with another cost: 

availability. The only free green sources that have 

permanent availability are hydro and geothermal. 

Electricity production using solar and wind power is 

intermittent. Figure 2 shows below the hourly electricity 

consumption in Romania in the cold season (January 

2021) [5].  

 

Figure 2 Electricity consumption in January [5] 

Analysing the instantaneous consumption shows 

that there are always differences in consumption 

between day and night of up to 2-3 GW. Electricity 

consumption starts to increase around 6AM and starts to 

decrease after 7PM. Further, Figure 3 shows the hourly 

electricity consumption for one month in the warm 

season (June 2022). This time, the differences between 

day and night are between 1 and 2 GW. Electricity 

consumption  starts to increase around 6AM and starts to 

decrease around 10PM. 

 
Figure 3 Electricity consumption in June [5] 

 

Given the profile of electricity consumers, it is clear 

that we need an intermittent/variable source of electricity 

in addition to the established sources of electricity. This 

should be able to produce about 1-2 GW in summer and 

2-3 GW in winter. Variable summer consumption can be 

provided by photovoltaic panels, producing electricity 

exactly when needed. 

 

3.  RESOURCE AVAILABILITY 

 

In view of the above, the possibility of 

implementing solar farms in Romania is analysed. 

Electricity produced by photovoltaic panels represents 

only 4% of the total green energy. Figure 4 shows the 

level of solar irradiation measured in kWh/m
2
/year in 

Romania. 
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Figure 4 Solar irradiation in Romania [6] 

 

Solar irradiation reaches its highest values in the 

Oltenia and coastal areas. Considering that the Oltenia 

area is suitable for agriculture, the possibility of building 

solar farms in the Romanian nearshore, preferably 

floating solar farms near the Black Sea coast, remains to 

be explored. At the same time, the cost of buying or 

renting a long-term agricultural land is higher compared 

to the nearshore area. 

The energy received from the sun in the form of 

electromagnetic radiation is called solar irradiation. This 

is measured in watts/m
2
.  

For any project related to harnessing solar energy, a 

proper assessment of the available resources is 

necessary. The following parameters are used to assess 

solar irradiance: 

 

- Direct Normal Irradiance (DNI) [W/m
2
]; 

- Direct (Beam) Horizontal Irradiance (EBH) [W/m
2
]; 

- Diffuse Horizontal Irradiance (DHI) [W/m
2
]; 

- Global Horizontal Irradiance (GHI) [W/m
2
]; 

 

Direct Normal Irradiance (DNI) is the solar 

irradiation arriving directly from the sun on a 

perpendicular surface. Direct (Beam) Horizontal 

Irradiance (EBH) is the horizontal component of Direct 

Normal Irradiance (DNI). Diffuse Horizontal Irradiance 

(DHI) is the component of solar irradiance received on a 

surface by a path (diffusion, reflection) other than direct. 

Finally, we have Global Horizontal Irradiance (GHI) 

which represents the total solar radiation received by a 

surface. It includes normal irradiance and diffuse 

irradiance [7] [8]. GHI is calculated with relation 1 and 

is the most important parameter that is considered when 

making analyses for the implementation of photovoltaic 

farms.  

*cos( )GHI DNI DHI    (1) 

The figure below illustrates the components of 

global horizontal irradiation. 

 

Figure 5 Global Horizontal irradiation [9] 

 

Generally solar panels are installed with a tilt of 20 

to 60 degrees. The optimal angle for maximum 

electricity production depends on the season and 

geographical location. Under these conditions a new 

parameter is defined: Global Tilted Irradiance (GTI). 

Unlike GHI, GTI also considers the reflection of 

surrounding objects, especially the reflection of the 

ground. The numerical differences between GTI and 

GHI are small because the reflectance of the earth's 

irradiance has low values. For this reason, this parameter 

is not used. On the other hand, if we look at floating 

farms, we see that the water reflectance is much higher 

than for solar farms on ground. 

The air temperature in the nearshore area is lower 

than the air temperature in the neighbouring areas with 

land that allows photovoltaic farms. In addition, the 

higher wind speed in the nearshore area cools the solar 

panels much better [10] [11].  

According to simulations by Golroodbari and 

Wilfried [12] annual electricity production is 12.96% 

higher for floating photovoltaic (PV) panels than for 

ground-mounted panels. At the same time, the solar 

irradiance on PV panels is 8.54% higher for the floating 

solution. As expected, waves help reflect solar radiation, 

and humidity, wind, and lower air temperatures 

(compared to ground-mounted solar farms) provide 

better cooling, which leads to higher efficiency of PV 

panels. Hudișteanu [13] also observed that additional 

cooling of PV panels can increase the electricity 

produced by up to 9%. Additional cooling of the panels 

is necessary because the temperature of the photovoltaic 

cells is 20-30°C higher than the air temperature [14]. The 

temperature of the cells depends on the manufacturing 

technology and the cooling system of the panel [15]. 

 

4. DATA PROCESSING 

 

Figure 6 shows the maximum Global Horizontal 

Irradiance (GHI) as a function of the months of the year. 

The statistics are made with the Solcast [16] database, 

representing the maximum values of the last 10 years in 

the Romanian coastal area.  
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Figure 6 GHI irradiation Romania, Constanta [16] 

The maximum values were chosen to be able to 

analyse an ideal case with clear skies. In this area, 6 

months a year the solar radiation exceeds the threshold 

of 750 W/m
2
, reaching for 3 months values of over 

900W/m
2
. In the cold season, solar radiation barely 

reaches maximum values of 400 W/m
2
 in ideal 

conditions with clear skies. The data presented in Figure 

6 are valid for solar farms on land. In the case of floating 

photovoltaic farms, solar irradiance could exceed 1000 

W/m2. At the same time, natural cooling favoured by the 

ambient environment could maximise the output of the 

panels.  

In terms of microclimate, there are studies showing 

that photovoltaic panels mounted horizontally on the 

water surface (suitable for lakes) cause the water surface 

to warm up by 1 degree. At the same time, it reduces the 

amount of evaporated water and stops aggressive algae 

growth [17].  

In addition to the advantages presented above, the 

main disadvantages of floating solar farms compared to 

land-based solar farms can also be predicted: higher 

initial implementation cost, more difficult maintenance, 

special electronic equipment and wiring connections, 

long distance to the grid. In addition, there is a risk that 

seabirds may nest or foul the surface of the PV panels 

and equipment. 

Next, an analysis of the public data provided by the 

national energy system (Figure 70 [5] shows that in June, 

when solar irradiation reaches its highest values of the 

year, the instantaneous electricity production in Romania 

produced by photovoltaic panels is slightly above 700 

MW. Given the consumer profile, photovoltaic panels 

would be a solution for the difference in consumption 

between night and day. Electricity production starts after 

6AM, and ends after 7PM, providing almost half of this 

time an instantaneous production of over 600MW.  

 

Figure 7 Electricity produced from solar power [5] 

In the context of climate change and reduced river 

flows, solar panels can provide electricity during the day, 

allowing water to be stored in the dam area. This allows 

hydropower plants to supplement their needs when solar 

panel production starts to decline. 

In the cold season, solar irradiation decreases in 

intensity and exposure time. Figure 8 shows the 

electricity produced during a clear winter day. The 

panels start producing electricity after 8AM, producing 

just over 400MW in the 11AM - 1PM time frame. After 

4PM the production tends towards 0 MW [5]. 

 

 

Figure 8 Electricity produced from solar power [5] 

It is clearly that the cold season is not a very 

productive one for photovoltaic panels due to the 

reduced ‘raw material’. At this time of the year, wind 

turbines are much more profitable. However, these 

systems should coexist in order to have ‘free’ energy 

every season [18] [19]. 

 

 

 

5.  CONCLUSIONS 

 

According to the solar irradiation level maps, it is 

suitable to install photovoltaic panels in the Oltenia area 

and in the Black Sea coastal area. Since agriculture plays 

an important role in the Oltenia area, it is recommended 

to use floating panels only in the dam areas of the Olt 

hydropower plants. The exploitation of solar energy in 

the Romanian coastal area can be carried out in the 

marine environment as the land area is an important 

tourist destination.  

Studies show that floating photovoltaic panels can 

produce 12.96% more energy than ground-mounted 

ones.  

Following the analysis of the profile of energy 

consumption in Romania, a difference in electricity 

consumption between day and night with variations of 

up to 3 GW during the cold season was found. In the 

warm season the difference between night and day is 1-2 

GW.  

At the moment, the electricity produced by solar 

panels on sunny days barely reaches 0.7 GW. It is 

obvious that it is necessary to double the current 

production, even triple it just to compensate for the daily 

consumption variations. Now, we are either importing 

quantities of energy during the day or increasing the load 
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on the generators of hydropower and thermal power 

plants (hydrocarbon and coal). Increasing the capacity of 

solar farms would help reduce electricity imports and 

help balance the national energy system, at least in 

summer. During the hot season, the profile of electricity 

production with photovoltaic panels is close to the 

variations in electricity consumption. 

The analysis of the evolution of the global 

horizontal solar radiation in the coastal area shows that 

half of the year the solar radiation is above the threshold 

of 750 W/m
2
 in case of a clear sky, and three months a 

year the solar radiation exceeds the value of 900 W/m
2
. 

In addition, temperatures in this area are lower and water 

vapour can further cool photovoltaic panels, improving 

their efficiency. 

It is recommended to carry out complex studies on 

possible technical solutions for the implementation of 

floating farms with photovoltaic panels, wind farms, 

wave synergy and the possibility of connection to the 

national energy system. 
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Abstract: The methodology proposed in this paper identifies the main steps that can be taken for energy efficiency  

improvement of ship motor driven systems. It is necessary to follow the principles of systematic approach, taking into 

account the efficiency of each element and the system as a whole. We need to collect baseline data, to make assessment 

of the system performance and choose the most appropriate optimization measures. The proposed approach shows the 

main activities and technologies that could optimize the overall energy efficiency of the system. Ship motor driven 

systems are one of the largest consumers of electricity on the ship and improving their efficiency will reduce energy 

consumption and emissions from ships. 

Key words: energy efficiency, motor driven systems, methodology 

 
 
1. INTRODUCTION 

 

About 80-90% of the electricity generated on the 

ship is consumed by motor driven systems. In order to 

increase their energy efficiency, it is necessary to 

optimize the components and operation of the system 

This will provide great savings and reduction of the 

emissions. The shipping companies, ship owners and 

operators must implement an energy management plan 

and arrange training for the crew members on energy 

and emission saving measures. 

The proposed methodology presents the process of 

energy efficiency improvement of electric motor driven 

systems, which consists of the following activities: 

• Determine the baseline data and parameters of the 

system;  

• Analysis of the performance and efficiency of the 

system;  

• Selection of energy efficiency improvement 

measures and activities; 

• Development of implementation plan for the most 

appropriate energy efficiency measures and practices; 

• Assessment of the energy efficiency improvement. 

 

By applying a systematic approach, an overall 

energy efficiency improvement of the system could be 

achieved. Typical motor driven system consists of the 

following components: motor, gears, coupling, end-use 

equipment (pump, fan or compressor) and control 

mechanisms.  

The overall system efficiency depends on the 

efficiency of each component [6], [7]: 

ηsystem = ηmotor x ηcoupling x ηdrive x ηend-use equipment 

 

The electric power quality; reducing flow rate; 

minimize losses; maintenance and effective operation of 

the entire system are also essential for energy efficiency.  

 

2. FIRST STAGE OF THE METHODOLOGY 

- Analysis and evaluation of the system 

 

At this initial stage, the current state of the system 

efficiency is identified. The company should collect the 

baseline data; perform energy audit and complex 

analysis of the motor driven system. At this stage, the 

parameters of the system are determined; as well as data 

of energy consumption; areas with energy losses and 

optimization measures that could be applied. 

This phase of the optimization process includes the 

following steps:  

 

 

2.1 Database development 

 

 data collected from records and discussions 

The sources of information are the following: 

1/ Discussions with management and the crew; 

2/ Technical documentation; 

3/ Records of diagnostics and repair of the equipment; 

4/ Baseline data on the current measures and practices 

applied.  
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 data of electrical measuring instruments 

At this stage the information is collected and 

systematized. This step includes conducting an energy 

audit of the system and database development. 

Operational data is collected from: logs, monitoring 

systems, stationary or portable measuring devices of 

energy consumption. Software tools can also be used for 

simulation of the system operation. 

It is necessary to assess the energy flows in the 

system and determine the possibilities for savings and 

energy efficiency improvement.  

 

 

2.2 Data processing, analysis and evaluation of the 

system efficiency 

 

At this stage, an analysis and complex evaluation of 

the system is performed. The areas with the greatest 

energy losses are determined. The information obtained 

from the previous stage determines the initial data 

necessary for the analysis of the system efficiency. This 

is followed by data processing and evaluation of the 

possibilities for energy efficiency improvement. 

The motor driven systems of pumps, fans and 

compressors are the most numerous on the ship. Most of 

these systems work in continuous mode, consume 

significant part of the electricity on the ship and 

optimization of their efficiency will provide the greatest 

savings. These devices have different principles of 

operation, but they are all characterized by a certain flow 

rate - Q, pressure - p and efficiency - η. 

Motor power could be calculated by parameters Q, 

p and η:  

   (1) 

 

The change in head H, power P and efficiency η as 

a function of flow Q are the operating characteristics of 

the pump. At a certain flow rate, the efficiency reaches 

its maximum and this is the optimal mode of operation, 

which corresponds to the nominal parameters Qn, Hn and 

Pn. 
 

Database of the equipment (pump, fan, compressor, 

motor and devices for operation control) is created. The 

next step is - analysis and calculation of the 

characteristics of the pump and the system [1]: 

 

- Equation of the pump: 

Hpi = Hmax-(Qi / Qn)
2 × (Hmax−Hn)   (2) 

 
- Equation of the system: 

His = Hst+ (Qi / Qn)
2 × (Hn−Hv−Hst)  (3) 

 

Energy consumption can be determined, by crossing 

the pump flow rate and the hydraulic resistance curve of 

the system to identify the operating point. (Figure 1)[6] 

 
 

Figure 1 Identification of operating point. [6] 

 

 

Energy efficiency improvement of the entire motor 

driven system could be achieved by devices for 

mechanical, electromechanical and hydraulic control of 

the speed. Motor speed must correspond to the load 

requirements in order to reduce losses.  

 

A comparison of power consumption of the 

different devices for operation control of the motor 

driven systems can be made to determine the most 

appropriate control method.   

Bypass control - This method for operation control 

uses an additional pipe - bypass. The required pump 

power is determined by the equation [6]: 

 

  (4) 

 

Where:  - density of the liquid; Q - flow rate;  

H - The total dynamic head. 

 

Throttle control - closing the throttle valve 

increases the resistance, which change the system 

characteristics. The required power is determined by the 

equation [6]: 

 

  (5) 

Where 

 
 

Hydraulic control - This method changes the amount of 

oil in the gear, increasing the difference in shaft speeds. 

The required power is determined by the equation [6]: 

 

  (6) 
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Where 

 

 
On/off control - when the pump is switched on, it 

works in close to the optimal mode, and when it is 

switched off it does not consume energy. Power is 

determined by the equation [6]: 

 

  (7) 

 

Variable Speed Drive (VSD) - This is the most 

efficient operation control method.  

The ability to adjust the speed of the induction motor is 

determined by “Affinity laws” [2]: 

 

Q2 / Q1 = n2 / n1; p2 / p1 = (n2 / n1)
2
; P2 / P1 = (n2 / n1)

3
 (8) 

 

VSD changes the operation of the system by 

adjusting the speed of the electric drive (P2/P1 = (n2/n1)
3
).  

If we reduce the speed by 20%:  n2 / n1 = 0.8, the power 

of the shaft will be reduced by about 50%:  

 

P2 / P1 = (n2 / n1)
3 
= (0,8)

3
 = 0,512 

 

The required power is determined by the equation [6]:  

 

  (9) 

Where 

 
 

Energy efficiency improvement could be achieved 

by implementing VSD with Pulse Width Modulation 

(PWD). The frequency and voltage of electric power 

supply of an AC induction motors is electronically 

controlled. This technology is used in systems with 

pumps, compressors and fans, which have great potential 

for energy savings.  

The advantages of VSD are the following: 

simplified pipeline system; increased reliability; 

reduction of operating costs; smooth start and stop; 

quality power supply, energy saving and high efficiency. 

In order to determine the energy efficiency of 

different operation control methods, it is necessary to 

make analysis, evaluation of savings and choose the 

most optimal one. It is important to determine the initial 

costs, payback time, energy consumption and saving 

opportunities. By calculating these values, a comparison 

of the effectiveness of each control method can be made. 

 

Energy consumption per year [kWh]: 

   (10) 

Tk, [h] - time for operation for a year. 

 

Energy saved per year [kWh], when using VSD: 

   (11) 

The energy consumed by VSD subtracted from the 

energy required by other operation control method. 

 

Energy costs saved per year [€]: 

   (12) 

CE [€/kWh] - electricity prices 

 

Initial costs C [€] - costs for components and 

installation. 

 

Payback time - the ratio of initial costs and electricity 

saved for a year. 

 

Software calculators can be used to compare the 

efficiency of motor driven systems and different 

operation control methods (Pump Save by ABB; PSAT, 

FSAT and Air Compressor Calculator by DOE).  

 

A comparison of the values of power consumption 

of throttle control and VSD is presented on Fig. 2 [6] and 

comparison of bypass control and VSD - Fig.3. [6] 

 

 
 

Figure 2 A comparison of the power consumption of 

throttle control and VSD [6] 
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Figure 3 A comparison of the power consumption of by-

pass control and VSD [6] 

 

 

The biggest savings are obtained by adjusting the 

motor speed (VSD). 

 

 

2.3 Selection of energy efficiency improvement 

technologies and measures 

 

At this stage the most promising options and 

measures for energy efficiency improvement are 

determined. Models of the system must be created, 

followed by verification, technical and economic 

analysis and evaluation of the system operation. A 

decision is made to develop implementation plan of the 

selected measures. The energy efficiency improvement 

of motor driven systems could be achieved with minimal 

investments through energy management and application 

of appropriate operational measures, which can provide 

energy savings of up to 15%.  

The overall energy efficiency improvement of a 

motor driven system includes the following [7]: 

• Electric power quality - power factor improvement; 

• Reduction of energy losses;  

• Implementation of high efficient motors with optimized 

operation;  

• More efficient pumps, fans, compressors;  

• Use of variable speed drives;  

• More efficient coupling and pipes; 

• Optimized operation, diagnostics and maintenance of 

the equipment. 

The electric motor is one of the main components of 

motor driven systems. Improving energy efficiency of 

the motor could be achieved through regular 

maintenance and proper operation. In order to save 

energy and increase reliability some motors can be 

replaced with high efficient. This will reduce energy 

consumption and operational costs.  

We need to consider all factors before making a decision 

- initial costs (motor and equipment prices), operational 

costs (operating time, electricity prices) and payback 

time.  

Inefficient motors can be replaced by synchronous 

motors with permanent magnets (Nd2Fe14B; Sm-Co). 

This type of motors has many advantages: improved 

energy efficiency; reduced weight, dimensions and 

excitation losses. 

Energy efficiency optimization of motor driven 

systems can also be achieved by using high efficient 

electric motors. The advantages of these motors are 

higher reliability, reduced losses and lower energy 

consumption.  

EFF (EFF1, EFF2, EFF3) is the European 

Efficiency Classification standard and IE (IE1, IE2, IE3, 

IE4, IE5) is the International Electro-technical 

Commission (IEC) standard (fig.4). [5]The higher 

manufacturing standards and the use of high quality 

materials reduce losses and improve energy efficiency. 

 

Advantages of high efficient motors: 

 reduced electricity consumption; 

 optimized operation; 

 longer life; 

 lower maintenance cost. 

 

 
 

Figure 4. Code for efficiency of electric motors 4 pole, 

50 Hz [5] 

 

In order to select appropriate measures to increase 

energy efficiency, some calculations need to be done. 

For example, replacing a standard motor (EEF3) with 

high efficient one (EEF1), despite the higher price, will 

reduce operating costs.  

The energy saved Es, [kWh] and energy costs saved 

per year Cs, [€] can be calculated by the equations [4], 

[7]: 

 (13) 

 (14) 

 

ML is motor load [%]; P2r is the rated power [kW]; h is 

operating time(hours). 

 

In order to chosethe most appropriatemethod for 

operation control of the motor driven systemswe need to 

calculate the savings.  

 

Example: The motor power is 60 kW, efficiency 94 % 

and ML is 75%, at 6000 operating hours and price of 

electricity 0.5 €/kWh. If an electric motor with a 

centrifugal pump with throttle control is considered, and 

operating at 100% full rated speed: 

 

Energy costs per year (throttle control), [€] 
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When using a VSD with an efficiency of 96%, the 

motor runs at 70% of the rated speed and the costs are as 

follows: 

Energy costs per year (VSD), [€] 

Cost savings when using VSD 

 = 143617 - 51313 = 92304 € 

 

Annual electricity costs are about three times lower 

when applying VSD. 

 

3. SECOND STAGEOF THE METHODOLOGY- 

Development of a plan, training and implementation 

 

3.1 Development of implementation plan / planning 

 

At this stage the information obtained from the 

previous stage is used to develop an energy strategy and 

SEEMP (Ship Energy Efficiency Management Plan). 

This plan includes the following stages: planning; 

application; monitoring; self-evaluation and 

improvement.  It contains instructions for the ship's crew 

on energy efficiency improvement measures for all ship 

systems and operational processes. The plan specifies the 

methods for system analysis; optimization measures for 

each component and for the whole system. The 

responsible persons of the crew and monitoring tools are 

also determined. 

A systematic approach is applied to achieve an 

overall efficiency improvement. At this stage, the 

resources for application of all methods are indicated and 

terms of implementation. All this will ensure improved 

operation and efficient use of available resources and 

crew. 

 

3.2 Responsible persons and training 

 

The management team of the shipping companies, 

the captain and the chief engineer determine the 

responsibilities for the implementation of the 

optimization measures depending on the competence of 

the employees. Management team and the captain 

introduce energy efficient measures and practices to the 

crew, and the chief engineer is responsible for 

implementation, monitoring and records. 

The crew receives information on activities and 

equipment used to provide energy savings. 

 

3.3 Implementation 

 

This step includes the application of the selected 

optimization activities and measures, and control of the 

process. Some of these activities and operational 

measures have great potential for energy saving and can 

be undertaken immediately. Implementation of more 

efficient operation control devices and high efficient 

motors could provide greater savings. 

 

 

4. THIRD STAGEOF THE METHODOLOGY - 

monitoring and evaluation of the improvement  
 

This is the final stage of the optimization process. 

In order to achieve increased energy efficiency, it is 

necessary to implement monitoring and analysis of the 

system operation. A quantitative assessment of the 

effectiveness of the applied measures is made to set 

guidelines for optimization activities. 

 

This final stage includes the following steps: 

• Monitoring of the characteristics of system elements; 

• Research and analysis of energy efficiency of all 

components; 

• Economic analysis (calculation of energy and cost 

savings) 

• Data analysis and energy efficiency assessment. 

 

Depending on the results obtained for the achieved 

efficiency, a decision is made on future optimization 

activities. The selected measures and practices for 

improvement are applied in the next optimization cycle. 

 

5. CONCLUSIONS 

 

The proposed methodology identifies the main steps 

that can be taken to increase energy efficiency of ship 

motor driven systems. Application of improvement 

measures and technologies, such as high efficient motors 

with VSD control and generators with permanent 

magnets; use of superconducting windings will increase 

the efficiency of motor driven systems.   

Implementation of the presented algorithm and 

measures will provide reduction of electricity 

consumption, costs and emissions, saves money and 

improves energy efficiency.  
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Abstract: The safety of maritime transport in the vicinity of the coast or in the seaport area requires special attention 

due to its damaging effects on the marine environment. Disruption of underwater food chains, emissions of harmful 

gases, underwater noise, oil or oil products spillage, alteration of hydrographic conditions, and waste disposal are some 

of the main effects of maritime transport. The shipping pollution on the environment include 4 types: air, water, 

acoustic and oil spills, having disastrous consequences not only on the environment but also on the economic and social 

side. Increasing awareness of the impact of marine pollution has led to a decrease in the frequency of spills as well as a 

significant decrease in the amount of oil spilled. The main purpose of this research is to analyse and determine the 

maritime accidents impact on the marine environment. 

Key words: marine pollution, maritime transport, naval accidents, petroleum products, oil spill. 

 
 

1. INTRODUCTION 

 

An oil discharge can be described as the spill or 

accidental release of oil hydrocarbon compounds into the 

marine environment. The oil spills represent one 

significant concern and one of the most dangerous 

sources for the marine environment and affect not only 

the open sea but also the coasts, resulting in 

environmental, economic, and social issues. [1]. 

The aim of the present report is providing a 

comprehensive picture of the maritime pollution caused 

by ship accidents. The main causes of marine pollution 

are industrial and urban emissions, shipping, oil tanker 

accidents, or offshore production. Marine accidents 

resulting in great fuel spills are responsible for the 

largest share of water pollution, whereas pollution from 

accidental spills on board is a constant threat leading to 

greater damage to the marine environment [2–6]. 

The effects of pollution are dramatic and in addition 

to causing damage to living marine organisms, they can 

disrupt a natural hydrologic cycle and consequently 

cause anthropogenic climate change. Oil spills are 

responsible for the death of sensitive species such as 

phytoplankton, crustaceans and larvae or eggs of fish 

and invertebrates. Fish are not extremely affected, while 

molluscs have a tolerance to oil contamination. The 

concentration of oil in the oceans and sea is in the range 

of 10-100 mg/l and is represented by water-soluble 

hydrocarbons either saturated (alkanes, cyclones) or 

aromatic with one or two benzene cores  [2,7,8]. 

On the other hand, increasing awareness of the 

casualties produces by marine pollution leads to a strict 

rules implementation to reduce or eliminate pollution 

from shipping and the offshore oil industry. A particular 

attention is paid to the Black Sea pollution and adverse 

effects on the marine environment. It is widely known 

that the Black Sea is one of the most contaminated 

basins of the World Ocean because of its anthropogenic 

impact and hydrological features [7,9]. 

 

2. THE MARITIME TRANSPORT EFFECTS 

ON THE MARINE ENVIRONMENT 

 

In 2018, ships calling in EU and European 

Economic Area (EEA) ports emitted approximately 140 

million tonnes of CO2, representing 18% of global CO2 

emissions from international shipping. The ships 

considered are those over 5,000 GT (gross tonnage) and 

carrying out commercial activities in the EU, and which 

are responsible for around 90% of CO2 emissions. Of the 

total CO2 emissions, around 40% come from ship 

voyages between EU member state ports, while 60% are 

produced during voyages in and out of the EU (Figure 1) 

[10]. 
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Figure 1 Emissions from ships calling at EU and  

EEA ports in 2018 [10] 

 

In the year 2019, sulphur dioxide (SO2) emissions 

caused by ships transiting European ports recorded a 

value of approximately 1.63 million tonnes (16% of 

global SO2 emissions from international shipping). Noise 

pollution affects marine species in different ways. 

According to [11] the total underwater acoustic energy 

has doubled in EU waters between the 2014 - 2019 

period. Container ships, passenger ships, and tankers 

generate the highest energy emissions because of their 

propeller [11,12]. 

Since 1949, the shipping sector has had the largest 

proportion of non-indigenous species (NIS) introduced 

into EU seas – almost 50% of all species, with the largest 

number found in the Mediterranean. A total of 51 species 

are classified as high impact, affecting ecosystems and 

native species. Organisms are transported mainly by 

ballast water (up to 25.5%) and ship hull fouling (up to 

21.2%), while other sources such as dredging or fishing 

equipment have a smaller percentage (2.3%). The role of 

ballast water is to provide stability and manoeuvrability 

during navigation when ships are not carrying heavy 

enough cargo or no cargo at all. By discharging ballast 

water, non-native organisms, bio-invaders and exotic 

species are introduced into the environment. 

Undoubtedly, the most damaging factor of maritime 

transport remains hydrocarbon pollution [10,11,13]. 

A summary of the main effects of shipping-induced 

ecosystem changes is presented in Table 1. 

 

Table 1. Main impacts caused by changes in ecosystems 

induced by maritime transport [10] 
 

Environment 

change 

Impacts 

Increased 

levels of NOx, 

SO x in the air 

Health problems in citizens living in 

port cities and coastal areas 

(bronchitis, emphysema asthma, 

cancer) 

Increasing level 

of ground-level 

ozone  

 

 Human health damaging effects 

 Damage to forests and crops with 

secondary effects on human nutrition  

Increased levels 

of nitrogen in 

the marine 

environment  

Eutrophication, depletion of fish 

species, proliferation of harmful algae 

and death of benthic organisms due to 

hypoxia  

Decreasing pH  

 
 Adverse effects on organisms that 

build calcium carbonate shells or 

skeletons due to acidification 

 Indirect effects on populations due 

to damage to forests, crops and 

aquaculture 

Increased levels 

of pollutants in 

the marine 

environment  

 

 Changes in distribution of 

individuals in a population, effective 

population size, mutation rate and 

migration rate.  

 Changes in community 

composition and in both taxonomic 

and ecological diversity.  

 Change in ecosystem services 

provided  

Ship strikes 

(collisions with 

animals)  

Death or injury of animals  

Increased 

suspended 

matter  

Decrease in the abundance of 

organisms and number of species  

Establishment 

and spread of 

NIS 

 Changes in the trophic chain (e.g. 

new predators) 

 Decrease in indigenous species 

populations due to competition with 

NIS for space or food or other factors 

 Introduction of new pathogens and 

parasites dangerous for marine 

organisms and human health 

 Replacement of indigenous species 

by NIS in the area 

 Introduction of new diseases to the 

local systems, to which indigenous 

species are not resistant 

Increased levels 

of contaminants 

in the marine 

environment  

 Death of exposed organisms 

 Problems related to development 

and behavior, as well the 

reproductive, nervous and 

cardiovascular systems of exposed 

organisms 

 Marine organisms and people 

affected by the loss of food 

Increased 

amount of litter 

in the marine 

environment 

 Entanglement of animals, which 

may lead to injury, illness, 

suffocation, starvation and death 

 Litter ingested, which may lead to 

loss of nutrition, internal injury, 

intestinal blockage, starvation and 

death 

Masking of 

marine species' 

acoustic 

Loss of hearing, reduction in 

communication, increase in stress 

levels corresponding to behavioral 
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communication changes  

Abrasion  Loss of seabed habitat  

Burial of 

benthic 

organisms  

Decrease in the abundance of 

organisms and number of specie  

Permanent 

alteration of 

hydrographical 

conditions  

Impact on population leaving near the 

coasts due to extremes weather events  

 

3. MARITIME ACCIDENTS 

 

Over the past half century, statistics on the 

frequency of spills greater than 7 tonnes from tanks have 

shown a downward trend, as illustrated in Figure 2. The 

average number of spills per year in the 1970s was about 

79, decreasing by over 90% by the 2010s. In 2021 the 

annual average was 5 oil spills [14].  

Moreover, there has been a significant decrease in 

the amount of oil spilled over the decades. In the 1990s, 

358 spills occurred, resulting in 1,134,000 tonnes of lost 

oil (73% of this amount in just 10 incidents). In the 

2000s, 196,000 tonnes of oil were lost during 181 spills, 

75% of this value in just 10 incidents. In the 2010s, 

approximately 164,000 tonnes of oil spilled into waters, 

a 95% reduction from the 1970s. 63 spills occurred, 91% 

of the total spilled was from 10 accidents, and one 

incident was responsible for approximately 70% of the 

oil spill. The current decade value is 11,000 tonnes (data 

was only recorded for a two-year period). The main 

cases of fuel spills are presented in Table 2 [14]. 

 

Table 2. The main cases of fuel spills. [14] 
 

Name of the 

ship 
Year Location 

Quantity 

spilled 

(tones) 

Atlantic 

Empress 

1979 Tobago, West 

Indies 

287,000 

Abt Summer 1991 700 Nautical 

miles from 

Angola 

260,000 

Castillo de 

Bellver 

1983 Saldanha Bay, 

South Africa 

252,000 

Amoco Cadiz 1978 Brittania, France 223,000 

Haven 1991 Genova, Italy 144,000 

Odyssey 1988 700 Nm from 

Nova Scotia, 

Canada 

132,000 

Torrey 

Canyon 

1967 Scilly islands, UK 119,000 

Sea Star 1972 Oman Golf 115,000 

Sanchi 2018 Shanghai, China 113,000 

Irenes 

Serenade 

1980 Navarino Golf, 

Grecia 

100.000 

Urquiola 1976 La Coruna, Spain 100,000 

Hawaiian 

Patriot 

1977 300 Nm from 

Honolulu 

95,000 

Independenta 1979 Bosphorus, 

Turkey 

94,000 

Jakob Maersk 1975 Oporto, Portugal 88,000 

Braer 1993 Shetland Islands, 

UK 

85,000 

Aegean Sea 1992 La Coruna, Spain 74,000 

Sea Empress 1996 Milford Haven, 

UK 

72,000 

Khark 5 1989 120 Nm from 

Atlantic coast of 

Morocco 

70,000 

Nova 1985 Kharg island, Iran 

Golf 

70,000 

Katina P 1992 Maputo, 

Mozambique 

67,000 

Prestige 2002 Galicia, Spain 63,000 

Exxon Valdez 1989 Prince William 

Sound, Alaska, 

USA 

37,000 

Hebei Spirit 2007 South Korea 11,000 

 

In the 1970-2021 period, 50% of large spills (>700 

tonnes) occurred in the open sea and 17% in inland or 

restricted waters (Figure 3). The main causes of large 

spills were allisions/collisions (30%) and grounding 

(32%) (Figure 4) [14]. 

 

 
 

Figure 2 Timing of oil spills (>700 tonnes), 1970-2021. 

[14] 

http://www.itopf.com/in-action/case-studies/case-study/atlantic-empress-west-indies-1979/
http://www.itopf.com/in-action/case-studies/case-study/atlantic-empress-west-indies-1979/
http://www.itopf.com/in-action/case-studies/case-study/abt-summer-off-angola-1991/
http://www.itopf.com/in-action/case-studies/case-study/castillo-de-bellver-south-africa-1983/
http://www.itopf.com/in-action/case-studies/case-study/castillo-de-bellver-south-africa-1983/
http://www.itopf.com/in-action/case-studies/case-study/amoco-cadiz-france-1978/
http://www.itopf.com/in-action/case-studies/case-study/haven-italy-1991/
http://www.itopf.com/in-action/case-studies/case-study/odyssey-off-canada-1988/
http://www.itopf.com/in-action/case-studies/case-study/torrey-canyon-united-kingdom-1967/
http://www.itopf.com/in-action/case-studies/case-study/torrey-canyon-united-kingdom-1967/
http://www.itopf.com/in-action/case-studies/case-study/sea-star-gulf-of-oman-1972/
http://www.itopf.com/in-action/case-studies/case-study/irenes-serenade-greece-1980/
http://www.itopf.com/in-action/case-studies/case-study/irenes-serenade-greece-1980/
http://www.itopf.com/in-action/case-studies/case-study/urquinola-apin-1976/
http://www.itopf.com/in-action/case-studies/case-study/hawaiian-patriot-off-hawaii-1977/
http://www.itopf.com/in-action/case-studies/case-study/hawaiian-patriot-off-hawaii-1977/
http://www.itopf.com/in-action/case-studies/case-study/independenta-boshporus-turkey-1979/
http://www.itopf.com/in-action/case-studies/case-study/jakob-maersk-leixoes-portugal-1975/
http://www.itopf.com/in-action/case-studies/case-study/braer-uk-1993/
http://www.itopf.com/in-action/case-studies/case-study/aegan-sea-spain-1992/
http://www.itopf.com/in-action/case-studies/case-study/sea-empress-milford-haven-wales-uk-1996/
http://www.itopf.com/in-action/case-studies/case-study/khark-5-off-morocco-1989/
http://www.itopf.com/in-action/case-studies/case-study/nova-off-iran-1985/
http://www.itopf.com/in-action/case-studies/case-study/katina-p-off-mozambique-1992/
http://www.itopf.com/in-action/case-studies/case-study/prestige-spainfrance-2002/
http://www.itopf.com/in-action/case-studies/case-study/exxon-valdez-alaska-united-stated-1989/
http://www.itopf.com/in-action/case-studies/case-study/hebei-spirit-republic-of-korea-2007/
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Figure 3 Number of medium (7-700 tones) and large (>700 tones) tanker spills, 1970-2021 [14] 

 

. 

 
 

Figure 4 Causes of large tanker spills (>700 tonnes), 

1970-2021 [14] 

 

4. TYPES OF POLLUTANTS 

 

In the marine ecosystem, oil products are in the 

form of oil films, oil products or emulsified and 

dissolved oil aggregates [7]. Petroleum is a complex 

mixture of organic parts, chemically transformed over 

long time periods and under different geological 

conditions. It consists of hydrocarbons (80-90%) and a 

smaller proportion of oxygen, sulphur, nitrogen, nickel, 

vanadium, metals, and iron [15,16]. 

The main compounds of petroleum are: 

 cyclic hydrocarbons (cyclohexane); 

 aliphatic hydrocarbons (n-butane, isobutane, n-

hexane); 

 aromatic hydrocarbons (toluene, m-xylene, 

styrene, benzo(a)pyrene); 

 other elements (sulphur, nitrogen, metals) 

[15,16]. 

The amount and extent to which oil dissolves in 

water depend on its composition, water temperature, 

spreading speed, water turbulence, and oil dispersion in 

the water. The heavier components of crude oil are 

practically insoluble in seawater, while the lighter 

compounds (benzene and toluene) are slightly soluble  

[15]. 

Two processes determine the movement of spilled 

oil on the sea surface: advection and spreading. Usually, 

spilled oil spreads over the water surface, forming a film. 

Films are classified according to their thickness into: thin 

(<10 μm) or thick (thickness of millimetres or even 

centimetres). Spreading is influenced by gravity, viscous 

forces, while advection depends on wind climate and 

ocean currents [15,17,18]. 

Hydrocarbons in the marine environment depend on 

the physical and chemical properties, the characteristics 

of the affected environment, and the physical, chemical, 

and biological processes occurring there, such as 

evaporation, dispersion, microbial degradation, photo-

oxidation, and oil-sediment interaction. The combination 

of these processes, known as "disaggregation", reduces 

hydrocarbon concentrations in sediments and water and 

changes the chemical composition of spilled oils. For 

many oil spills, the most important process is 

evaporation. The evaporation process primarily depends 

on the temperature, wind speed and oil composition. 

Evaporation is most intense in the first hours and days 

after the spill. Within days of a spill, light crudes can 

lose up to 75% of their original quantity, and medium 

can lose up to 40%. Conversely, heavy or residual oils 

will not lose more than 10% of their volume in the first 

few days. The loss by evaporation of light hydrocarbons 

is the main cause of the rapid reduction of the volume of 

spilled oil, with the subsequent increase of its viscosity 
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and density and the formation of stable oil-water 

emulsions [15,16,19,20]. 

 

5. THE IMPACT OF OIL SPILLS ON THE 

MARINE ENVIRONMENT 

 

Oil spills have both acute (quick, short-term) and 

chronic (long-term) effects on marine ecosystems. Plenty 

of the chemicals presented in oil spills are toxic and can 

have damaging effects on plankton, fish and animals 

living on the seabed [15]. 

The main harmful effects of shipping accidents are: 

 water pollution; 

 atmospheric pollution (when fires also occur); 

 seabed pollution (effects on spawning areas); 

 shores pollution (both recreational areas and 

wildlife habitats can be seriously affected) 

 seabird and mammals possibility cause of death 
[15,21].  

The effects of oil spills in the marine environment 

depend on the following parameters: 

 oil composition; 

 physicochemical oil parameters; 

 physical, chemical and biological processes 

(dispersion, dissolution, evaporation, 

emulsification, biodegradation, photo-oxidation, 

and sedimentation); 

 rate of spread of the stain; 

 oil discharge place; 

 time or season (bird migrations); 

 species biodiversity at the oil spill location [15]. 

The combination of these processes reduces 

hydrocarbon concentrations in sediments and water and 

changes the chemical composition of spilled oils. Every 

oil spill poses a danger to fauna and flora and causes 

damage to marine ecosystems and shorelines. Many of 

the chemicals in petroleum are toxic, carcinogenic, or 

can be assimilated into the tissues of marine organisms. 

Such substances can affect the marine food chain from 

phytoplankton to fish, seals and other marine mammals. 

Furthermore, petroleum products can be accumulated 

and stored into the seabed for long periods of time [15]. 

Seabirds are extremely vulnerable to hydrocarbons 

films presented on the water surface, as most of them 

take their food by diving into the wastewater. In 

addition, when birds' feathers are covered with 

hazardous substances, a loss of body heat occurs, 

causing death. Also, one of the side effects is the 

inability to fly and therefore they may drown or starve, 

as the food sources from the sea or the shore are covered 

with oil [15,22,23]. 

Oil pollution can affect fish and shellfish in three 

ways: direct effect on the fish, direct effect on fisheries, 

and indirect effect through ecosystem disruption. The 

water column may contain volatile and toxic oil 

components that are absorbed by the fish spawn.  

Exposed fish might experience changes in respiratory 

and heart rates, reduced growth, fin erosion, liver 

enlargement, as well as cellular and biochemical changes 

and behavioral and reproductive responses [16,22,24–

26]. 

Like seabirds, mammals can come into contact with 

oil from the sea surface. Animals affected by pollution 

are: seals, otters, porpoises, beavers, whales, polar bears, 

sea lions, walruses, and dolphins. The sensitivity of 

mammals to spilled oil is highly variable. The damage 

amount is directly related to mammals' fur and fat for 

thermoregulation; therefore, hypothermia is a serious 

problem in the event of an oil spill [15,25]. 

 

6. THE MAIN SOURCES OF POLLUTION 

OF THE BLACK SEA 

 

The main sources of pollution of the Black Sea are 

river runoff, direct discharges of domestic and industrial 

wastewater, atmospheric deposition, port operations and 

unauthorized discharges from oil vessels. Currently, the 

Black Sea holds the role of oil transit route from East to 

West, thus creating a sufficient threat of pollution [7,27]. 

According to the data presented in [7], the annual 

quantity of oil discharges in the Black Sea for the year 

2003 was 110,000 tonnes. A significant contribution of 

oil pollution in the northwestern part of the Black Sea is 

the Danube River, a quantity of 50,000 tonnes of 

petroleum products being droped into the sea only 

through the Danube river every year [28]. 

Moreovoer, in the report [7], it is mentioned that 

until 2007 approximately 170 million tonnes of oil and 

oil products were transited through the ports of the Black 

Sea. A percentage of 0.1 - 0.5% of transported oil is 

spilled into the ocean as a result of ballast water 

discharge at sea. Considering this fact, the volume of oil 

products entering the Black Sea in the form of oil films 

exceeds 150,000 tonnes per year [7]. 

Among the large oil spills in the Black Sea in recent 

decades, it is worth mentioning the emergency spill in 

November 1999 near Novorossiysk, when due to the 

breakdown of the terminal, 39 tonnes of oil spilled into 

the sea. Another emergency spill occurred in the Kerch 

Strait as a result of the 10–11 November 2007 storm, 

where the total amount of the immediate spill was 1,300 

tonnes of heavy fuel, 2.3 tons of lubricating oils, 25 

tonnes of diesel and 5.5 tonnes of heating oil [7]. 

In the last 50 years in the Black Sea and especially 

in the Bosphorus strait, there have been many oil spills. 

For example: in October 1977, 20,000 tonnes of oil were 

spilled into the Bosphorus Strait, as a result of the 

breakdown of a Soviet tanker and in November 1979, 

following the collision of Romanian and Greek tanks, 

64,000 tonnes of oil were spilled. The largest oil spill in 

the last 20 years in the Black Sea occurred when the 

tanker Nassia and another vessel collided in the 

Bosphorus Strait on March 13, 1994. The second vessel 

burned to the ground. Most of the Nassia's cargo was 

spilled into the sea and, along with 20,000 tonnes of oil 
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burned, causing severe marine and air pollution in the 

Bosphorus and the Black Sea and Marmara [7]. 

Following the analyses carried out in [2], it resulted 

that during the period 2006-2011, the total content in 

petroleum hydrocarbons (HPT) in the waters of the 

Romanian sector of the Black Sea was in the range of 

10.9 – 3592.0 (µg/l), having an average of 379.4 (µg/l). 

The concentrations of polluting agents determined in 

2010-2011 indicate the downward trend of the pollution 

level, while the highest concentrations of petroleum 

hydrocarbons were recorded in 2009 [2]. 

The total HPT content in the sediment samples 

taken from the Sulina - Vama Veche area from 2006-

2011 varied in the sector from 4.23 to 6770.0 µg/g, with 

an average value of 273.3 µg/g. Low concentrations 

(<100 µg/g) were found in 52% of the analyzes and the 

extreme values (percentage of 13%), ranging from 1.0 to 

6.7 mg/g, were recorded in the Constanța Sud and Eforie 

Sud. The analyses made in the northern sector (Sulina - 

Portita) and the southern sector (Cazino - Vama Veche) 

show differences between these two areas and the 

decrease of oil concentrations from north to south [2]. 

Further, in the same report [2], following the 

analysis of polynuclear aromatic hydrocarbons (PAH) 

made in the period 2006 – 2011, it was found the 

presence of 16 dangerous organic contaminants in 90% 

of all samples taken from the area between Sulina - 

Vama Veche (naphthalene, acenaphthylene, 

acenaphthene, fluorene, phenanthrene, anthracene, 

fluoranthene, pyrene, benzo [a] anthracene, chrysene, 

benzo [b] fluoranthene, benzo [k] fluoranthene, benzo 

[a] pyrene, benzo (g,h, i) perylene, dibenzo (a,h) 

anthracene, indeno (1,2,3 -c,d) pyrene. The total PAH 

content ranged from 0.001 to 16.543 µg/l with an 

average value of 2.369 µg/l. As in the previous analysis, 

there is a decrease in the PAH concentration levels over 

the years. There is also a decrease in the gradient from 

north to south. The total PAH content in the sediment 

samples taken during 2006-2011 from the Sulina – Vama 

Veche area varied from 0.0026 - 16.425 µg/g, having an 

average value of 1.5313 µg/g. In 21% of the samples, the 

concentration distribution has an extremely high level of 

pollution with values in the range of 2.0 – 10.0 µg/g [2]. 

 

7. MARITIME ACCIDENTS OCCURRED IN 

THE ROMANIAN PORTS  

 

According to GEO no. 87/2011 for carrying out 

technical safety investigations in the case of accidents in 

the maritime transport sector, the naval accident is an 

event caused by naval operations, which results in: 

 death or serious injury of a person; 

 loss of a person on board the ship; 

 material damage; 

 inability to manoeuvre, failure, collision; 

 environmental damage [29]. 

In 2021, there were 37 very serious and serious 

accidents (22.05%) (Figure 5) and 114 less serious 

accidents (75.47%) on Romania's navigable national 

waters, an increase compared to 2020 when 127 events 

occurred (Table 3). In Table 4 is represented the 

distribution of accidents by type of production for the 

period 2015 – 2021 [30]. 

 

 
 

Figure 5 Serious and very serious accidents in 2021, by 

types of accidents with ships involved [30] 

 

Table 3. The distribution of maritime accidents in the 

2015-2021 [30] 
 

Year 

Serious and 

very serious 

accidents 

Less serious 

accidents and 

incidents 

Total 

2015 33 42 75 

2016 8 45 53 

2017 24 32 56 

2018 10 40 50 

2019 19 21 40 

2020 28 99 127 

2021 37 114 151 

 

Table 4. The distribution of accidents (maritime and 

inland waters)  by type of production for the period 2015 

– 2021 [30] 
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2015 5 3 9 28 23 1 45 

2016 3 1 5 18 7 0 22 

2017 5 5 20 14 6 0 32 

2018 5 0 4 29 0 0 30 

2019 5 1 4 8 2 0 20 

2020 43 1 7 / 4 33 16 2 21 

2021 44 4 7 / 4 44 15 1 32 

 

Accident causes are defined as the actions, existing 

conditions, or a combination that led to the navigational 

accident. A situation of the maritime accidents causes in 

2021 is illustrated in Figure 6. The main causes that led 

to their production are: 

 hydrometeor: low water levels, fog, wind; 

 technical: engine, steering wheel; 

 human error: interpretation of data provided by 

navigation equipment, carelessness; 
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 submerged objects: logs, rocks; 

 other causes: consumption of alcoholic beverages, 

navigation at inappropriate speeds [30]. 

It can be seen that most events occurred due to 

hydrometeor conditions. 

 

 
 

Figure 6 Maritime accidents causes in the 2021 year [30] 

 

In 2021, a number of 62,535 ships entered 

Romanian ports, of which 57,051 were inland navigation 

(91.24%) and 5,484 maritime (8.76%). Also, a number 

of 61,905 ships left these ports, of which 56,503 inland 

navigation (91.27%) and 5,402 maritime ships (8.73%). 

Out of the total number of inland navigation ships 

entering and leaving Romanian ports (113,554 ships), 

only a percentage of 0.11% of them were involved in 

accidents and in the case of maritime ships, out of a total 

of 10,886 ships, a percentage of 0.27 % were involved in 

accidents [30]. 

The intense traffic has multiple negative 

consequences for the biodiversity of the Black Sea, 

including the discharge of nutrients, the production of 

underwater noise, loss of oil products. Naval operations 

(maritime, fluvial) significantly contribute to the 

eutrophication of the Black Sea through emissions of 

nitrogen oxides (NOx) and discharge of nitrogen and 

phosphorus from domestic wastewater from ships [2]. 

 

8. OIL AND GAS EXPLOITATION 

ACTIVITIES 

  

 

Offshore oil and gas extraction activities also have 

polluting effects on the marine environment. Drilling is 

the main source of pollution that impacts both the water 

and sediment quality and implicitly on species of plant 

and animals. Once they reach the water, they will 

produce increases in the number of suspensions both in 

the water and in the sediments, causing a decrease in 

transparency and an increase in turbidity [2,31]. 

Another polluting factor is the atmospheric 

emissions from diesel burning in the platform’s 

generators. They contain many compounds, including 

heavy metals, dioxin. Underwater noise can come from 

activities on platforms, cranes or support vessels. 

Underwater noise can have pathological consequences 

on all categories of organisms (phytoplankton, 

zooplankton, invertebrates and fish), the greatest impact 

being felt on dolphins. Noise and vibrations from ships 

and platforms can have direct or indirect impacts on 

dolphins, by changing their behaviour, abandoning 

feeding, breeding or rearing areas [2,32]. 

The consequences of oil spills can be: reducing the 

amounts of phytoplankton and zooplankton, affecting 

fauna and dolphin habitats. To date, no accident 

(collision) resulting in oil pollution has been registered 

on the Romanian continental shelf [2]. 

 

9. LAWS, REGULATIONS AND METHODS 

TO COMBAT MARINE SPILLS 

 

Since the late 1990s, the EU has constantly 

introduced stricter rules for reducing the emissions of 

sulphur and carbon dioxide, oil and other sources of 

pollution. They also forbade harmful chemicals used on 

the ship’s hull to prevent the invasive species fouling 

and mandated the waste safe disposal in ports [10]. 

One of the first global instruments for the protection 

of the marine environment was the London Convention 

for the Prevention of Marine Pollution by Dumping, 

adopted in 1972. In force since 1975, this law promotes 

the effective control of all sources of marine pollution, 

including practical measures to prevent pollution by 

dumping waste [10]. 

The IMO's main instrument for preventing pollution 

and protecting the marine environment is the 

International Convention for the Prevention of Pollution 

from Ships (MARPOL). It was first adopted in 1973 and 

later amended in 1978 and strengthen in 1997. 

MARPOL requires ships to develop and maintain an oil 

pollution emergency plan (SOPEP) and to immediately 

notify the nearest coastal state of any pollution incident 

[10,33]. 

 

10. CONCLUSIONS 

 

Although it is the cheapest form of transport, 

maritime transport can have devastating effects on the 

environment if not used safely. The hydrocarbon 

pollution fight involves both prevention and combat 

measures (methods of intervention). Currently, 

worldwide, 5 methods are used to combat oil pollution: 

natural degradation, transfer of the cargo to storage 

barges, in-situ burning, dispersion in the water mass, and 

concentration and recovery of hydrocarbons from the 

water surface [10,34]. 

On the other hand, the most important aspect of the 

fight against pollution is time of response. Satellite 

monitoring ensures rapid detection of small oil spills 

through routine sea monitoring. Furthermore, in the 

event of large oil spills, satellites can track the spread of 

the oil and support clean-up operations. In 2019, from a 

total of 7,731 analysed satellite images worldwide, 7,939 

possible leaks were identified. Of these, approximately 
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30% were subsequently verified in situ by the competent 

authorities [10,34]. 

Since the Black Sea ecosystem is facing an 

increased anthropogenic impact, which is associated 

with oil contamination, it is therefore very important and 

urgent to implement an operational satellite radar 

monitoring system to effectively identify spill areas and 

sources. In addition to riverine and coastal runoff, which 

produces chronic pollution of the marine environment, 

the transportation of oil and petroleum products by sea 

and the operation of oil terminals represent a major 

potential threat to the marine ecosystem [7]. 
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Abstract: The article presents an in-depth analysis of the most significant accident ever in Constanta harbour using a 

method that goes beyond the chain of events that trigger an accident. In the introductory part, the authors present the 

features of the Black Sea basin, highlighting the eventual dangers to the ship's safety. Then the work presents the 

Systems Theoretic Accident Model and Process - STAMP method in brief; after that follows the modelling and analysis 

of the accident of You Xiu ship, and the scoop culminates with some short concluding remarks. The article serves as a 

base for further developments in accident analysis and an awareness instrument for scholars and practitioners regarding 

the general safety culture when operating a ship. Nevertheless, the work in this regard requires further research, and a 

comparative study using different methods and approaches should add more value to the actual efforts of the authors. 
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1. INTRODUCTION 

 

The Black Sea basin extends amidst the southeastern 

part of Europe and is connected with the Marmara Sea 

by Bosporus Strait and the Mediterranean Sea by 

Dardanelles Strait. Within the north-eastern side of the 

Black Sea, Kerch Strait connects it with Azov Sea [1].  

The sea basin is sliced by a rim located S of 

Crimean Peninsula in NW sub-basin defined by 100 

miles wide shelves with depthless waters and a less 

narrow shoal in the SE half of basin hardly higher than 

10 miles. The maximal value of the Black Sea depth is 

2.200 m reaching S of the Crimean Peninsula [2, 3]. 

Figure 1 Black Sea bathymetry map [4, 5] 

 

The salt content in the Black Sea is 18‰ at the 

surface and 22.3‰ in deeper layers. These values are 

reduced due to the continental river water influx (The 

Danube, Dnieper, Dniester, and Buh) and reduced 

volume exchanged with the Mediterranean Sea. It is 

known that there are two currents: a surface one 

conveying about 600 km
3
/year, waters with low salinity 

from the Black Sea to the Mediterranean Sea, and a 

reverse one conveying about 300 km
3
/year, 

Mediterranean waters with high salinity values [6].  

More than 80% of global trade is conveyed by sea 

transport. The trend for seaborne trade was continuously 

ascending till 2020, when the COVID-19 pandemic 

containment measures seriously impacted the global 

economy and the seaborne trade growth decreased by 

3.8%.  

The global fleet's capacity is also continuously 

increasing despite COVID – 19 pandemic and the 

Russia-Ukraine conflict – 2.1 billion dwt in 2021 [1, 7]. 

Besides merchant fleet activity, anthropogenic 

activities in the Black Sea basin being a potential trigger 

for maritime incidents and accidents consists of 

industrial activities related to crude oil transport, 

extraction, processing, congested areas, leisure activities, 

bathymetry – extended shelf zone of the basin, see 

northwestern part of the basin. 

Not at last, along with the Russia – Ukraine war that 

started on 24 February 2022, one more danger has arisen 

– sea mines. The sea mines drifting after their removal 

from barrages meant to protect Ukrainian Black Sea 

ports have become a reality, and Romanian and Turkish 

navies not only once had to dispatch their ships with 

EOD personnel to clear this danger [6, 8, 9]. 

The history of naval accidents in the Black Sea 

basin is plenty of events where cargo or route-related 

factors, human factors, technical factors, weather factors, 

organizational factors, or a mix of these led to naval 
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disasters, which are still observable. At the Romanian 

shore (see figure 2), there were various types of 

accidents involving merchant or military ships sunk or 

damaged due to heavy weather conditions, sea mine 

explosion, onboard ammunition explosion, improper 

freight stowage, crew intentionally grounding of the ship 

with intention to cash the insurance [10, 11]. 

 

 

Figure 2 Wrecks along the Romanian coast of the 

Black Sea [5, 10, 11] 

 

In the recent period (2019), the Black Sea was the 

scene of an unusual accident in the Media harbor basin 

when the livestock carrier Queen Hind capsized after a 

possible grounding when at berth. The ship was carrying 

14,600 ships that died shortly after the incident. The 

accident was triggered by human, technical, and 

organizational factors [11]. 

Later, in 2021 another accident occurred with cargo 

ship Arvin, 46 years old, which broke into two parts 

when at anchor off the Turkey coast. The disaster 

concluded with the sinkage of the ship; four crew 

members died, six were rescued, and two were missings. 

In this case, the mix of technical, human, and heavy 

weather factors contributed to this tragedy [12]. 

A maritime accident is an erratic and unexpected 

event occurring due to an unknown means or can be an 

infrequent effect of a frequent cause. Accidents seriously 

impact marine ecosystems, property (ship and cargo), 

and crew life or health [11, 13-17].  

Further, the article will analyze the sunk ship You 

Xiu case and the accident that occurred on 04.01.1995 in 

the outer basin of Constanta Port during a heavy and 

utterly unusual storm [18]. 

 

2. METHODOLOGY 

 

This article section presents the primary data regarding 

the accident and the STAMP features. 

 

Table 1. Details of wrecks resulted from naval accidents 

[10, 11, 13] 

 

2.1 Storyboard of the accident 

 

The bulk carrier ship You Xiu was built in 1992 in Japan 

and had a crew of 27 mates, a displacement of 26,802 

dwt, and a maximum length of 167.2 m. 

The ship arrived in the outer basin of Constanta Port 

on 28.10.1994, waiting at anchor to load 20,000 tons of 

urea.  

03.01.1995 – Port authorities issue a storm warning 

message to all ships at 13.00LT; 

No Ship name and type Year of accident and cause 

  1. 
Evanghelia 1968 

Cargo Grounded by own crew 

  2. 
Arkadia 1945 

Cargo Mine explosion 

  3. 
M 58 Malyutka cls 1941 

Submarine Own torpedoes explosion 

  4. 
Maria Bacolitsa 1980 

Bulk carrier Unknown 

  5. 
Medy 2010 

Cargo Heeling then sunk (unknown) 

  6. 
Mitera Zafira 1973 

Cargo Grounding then fire 

  7. 
Moskva 1941 

Destroyer Mine explosion 

  8. 
Multi Trader 2007 

Cargo Cargo unbalanced 

  9. 
Nicholas 1920 

Cargo Mine explosion 

 10. 
Paris 1995 

Bulk carrier Heavy storm 

 11. 
Sadu 1988 

General cargo Heavy storm 

 12. 
Shch-213 1942 

Submarine Mine explosion 

13. 
Sophie 1921 

Cargo Mine explosion 

 14. 
Viskhva Shanti 1968 

Cargo Heavy storm 

 15. 
Yasar Kaptan 2001 

Cargo Engine room flooding 

 16. 
You Xiu 1995 

Bulk carrier Heavy storm 

 17. 
Akra Aktion 1981 

Cargo Heavy storm 

 18. 
Queen Hind 2019 

Livestock carrier Grounded, overloaded, capsized 
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04.01.1995 09.00LT - Port authorities issue a new 

storm warning message to all ships and instruct all of 

them to enter the inner basin of the port or to start 

moving to the open sea – You Xiu and Paris disobey the 

orders; 

04.01.1995 17.00LT - Port Control instructs You 

Xiu to change the anchorage place being too close to the 

Paris ship (0.6 nautical miles) and issue a new storm 

warning message to all ships; 

04.01.1995 18.00LT - You Xiu at 1.9 nautical miles 

from the northern breakwater of the Constanta Port; 

04.01.1995 18.10LT – Port Control instructs You 

Xiu to start moving to the open sea, but the ship reports a 

defective main engine; 

04.01.1995 18.30LT - You Xiu at 0.9 nautical miles 

from the northern breakwater of the Constanta Port. Port 

Control warn the ship regarding its drift; 

04.01.1995 18.40LT - You Xiu at 1.25 nautical 

miles from the northern breakwater of the Constanta 

Port. Port Control warns the ship regarding its position 

and drift; 

04.01.1995 18.45LT - You Xiu at 0.3 nautical miles 

from the northern breakwater of the Constanta Port. Port 

Control warn the ship regarding its position and drift and 

recommend them to request assistance; 

04.01.1995 20.20LT – You Xiu launches first S.O.S 

signal; 

04.01.1995 20.25LT – the shipping agent informs 

Port Control that the engine room is taking water and the 

crew no longer obeys the captain's orders; 

04.01.1995 20.50LT – the rescue tug Viteazul 

reached the end of the northern breakwater and reported 

that is not able to leave the port due to high seas; 

04.01.1995 21.13LT – You Xiu informs Port Control 

that the ship is taking water; 

04.01.1995 21.13LT – You Xiu informs Port Control 

that the ship is listing and sinking; 

04.01.1995 21.13LT – the You Xiu captain inform 

Port Control that the ship is broken and sinking and 

request assistance; 

05.01.1995 00.30LT – the rescue tug Viteazu 

informs Port Control that it can see only You Xiu mast 

and no survivors. 

The accident resulted was the loss of the ship and 

the lives of all 27 crew members because of the late 

decisions of the captain to obey instructions given by the 

port authorities to ask for assistance. 

Despite the actions taken by port authorities to 

support You Xiu and another ship – Paris, in a similar 

situation, due to adverse weather conditions: wind of 31 

m/s, waves 10 – 11 m in height, and abysmal visibility, 

the disaster has happened, and the two ships were lost, 

and 54 sailors lost their lives [18 - 21]. 

 

2.2 STAMP method features 

 

There are many methods to investigate incidents, 

accidents, or safety events like equipment malfunctions, 

but most focus on the cause that triggers the effect or the 

chain of events that eventually lead to an accident. 

The Systems Theoretic Accident Model and Process 

– STAMP approach is not merely assumed that for every 

because we have an effect but focuses on the system. 

 This predictive method iterates the system from top 

to bottom, increasing precision and going deeply into a 

more detailed analysis with every iteration. 

 The method also models the links and relationships 

between all stakeholders in the event.  

 Broadly we can consider the model of STAMP 

considering the following: 

 - the response for a requirement – action mandatory 

but not executed as directed; 

 - unsafe act occurrence; 

 - incorrect order/command or time; 

 - duration of actions – too long or too short [22 - 25]. 

 For our model, we will establish the following levels 

of hierarchy:  

     - the regulatory framework – including authorities; 

     - the ship management company; 

     - the crew and ship. 

In the next section, it is analysed all intricacies and 

links between all stakeholders and their actions. 

 

3. RESULTS AND DISCUSSION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 STAMP model of the accident – author work 

after [23] 

 

It is evident from the storyboard of the accident that 

the ship was almost new and created following the 

requirements of the international conventions applicable 

at that time. 
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The crew training and organizational culture are 

questionable as they failed to comply with Port Control 

instructions and even, at one tense point, refused to obey 

the captain's orders. The captain decided to comply with 

Port Control instructions very late when the situation 

went out of control. 

Despite their synergic actions, the port authorities 

were unable to send any actionable means of support to 

reach the incident scene and provide the minimum of 

assistance [21]. 

On top of all controls, actions, and decisions, the 

weather factor was crucial for this tragic event. 

 

4. CONCLUSIONS 
 

The accident trigger is well established and consists 

of a mix of factors ranging from highly adverse weather, 

failure of compliance with Port Control instructions, or 

the lack of capable means of salvage and rescue at port 

authorities' disposition.   

In order to avoid such events in the future is highly 

requested to provide port authorities with capable means 

for almost all weather or environmental conditions, 

including modern uncrewed vehicles. 

Besides, adequate means of intervention at the Port 

Authority level must be operating a response cell 

comprising all stakeholders able, by any means, to 

support the intervention and further the accident relief 

actions. 

Not, at last, the Port Authority must have the 

adequate means, both procedural and actional, to enforce 

their instructions onboard the ships in the port where 

they are responsible. 
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Abstract: Fractal shapes can be found everywhere around us in Nature, at small scale microscopic level, at normal scale 

observable with the naked human eye, but also at very large scale level, when looking at very far distant galaxies. As it 

will be presented in this paper, there is an inherent relationship between fractal structures in Nature and the harmony 

perceived by human eye in the structures of Nature. Although not explicitly formulated until late XII century by 

Fibonacci, the very same Golden Proportion had been already approached by the ancient Greeks. This Divine 

Proportion which can be found around us in Nature, represents the base for the latter concept of fractal and is also the 

link between early mathematics and advanced fractal mathematics. Some of the first ideas about harmony and 

proportions are dating back in Antiquity and they were promoted by the ancient Greeks in their philosophical schools, 

by scholars like Euclid, Thales and Pitagora. Although the concept of fractal it is a rather young one, being introduced 

by Mandelbrot in the ‘70s of the XX 
th

 century, the origins of the concept of fractal seem to be found, much earlier, in 

the aforementioned philosophical schools. In their philosophical schools, the antics, as far as we know, beginning with 

the Greeks, had discovered and used the concepts of proportion and harmony, in certain proportions they worked with. 

One such proportion is represented by the Golden Ratio. 

Key words : fractal, fractal shapes, recursive rule, self-similarity, proportions, harmony, Golden Number 

 
1. INTRODUCTION 

 

Fractal shapes can be found everywhere around us in 

Nature, at small scale microscopic level, at normal scale 

observable with the naked human eye, but also at very 

large scale level, when looking at very far distant 

galaxies. A lot of scientific literature, such as in [4], [5] 

and [6], can be linked with the concept of fractal. As it 

will be presented in this paper, there is an inherent 

relationship between fractal structures in Nature and the 

harmony perceived by human eye in the structures of 

Nature. Although not explicitly formulated until late XII 

century by Fibonacci, as indicated in [1] and [2], the 

very same Golden Proportion had been already 

approached by the ancient Greeks. This Divine 

Proportion which can be found around us in Nature, 

represents the base for the latter concept of fractal and is 

also the link between early mathematics and advanced 

fractal mathematics. Some of the first ideas about 

harmony and proportions are dating back in Antiquity 

and they were promoted by the ancient Greeks in their 

philosophical schools by scholars like Euclid, Thales and 

Pitagora, according to [1] and [2]. Although the name of 

the concept of fractal it is rather young, being introduced 

by Mandelbrot in the ‘70s of the XX 
th

 century, the 

origins of the concept of fractal seem to be found very 

much earlier the aforementioned philosophical schools. 

In their philosophical schools, the antics, as far as we 

know, beginning with the Greeks, had discovered and  

 

 

used concepts like proportion and harmony, in some 

certain proportions they worked with. One such 

proportion is represented by the Golden Ratio, also 

extensively presented in [3].    

It is well known that they were already trying since 

then to find meaning and order in Nature and also to 

explain relationships between measures of different 

geometry objects. Although modern mathematics was 

not yet discovered at that time, the antiques were very 

familiar with concepts such as symmetry and self-

similarity and recursive rules. Since many ancient 

writings and works did not withstand the time, there is 

little evidence about concerns of the antiques with this 

concept of fractal, as it will be named later. On the other 

side, monuments, constructions and art from ancient era 

are proof of the fact that antiques were rather familiar 

with geometric shapes, but also with the concept of 

proportionality and harmony, since one of the most 

famous theorems of geometry is attributed to the Greek 

Thales of Millet. These concepts of proportionality and 

harmony, initially discovered, understood and used by 

the Greek civilization were almost surely transmitted and 

also taken to the next level by Arabs and Indians in the 

Early Middle Ages. Mathematical knowledge has been 

thus improved and completed with new concepts by 

Arabs, and then further transmitted to the European 

civilization. During the Renaissance, mathematics had  
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already advanced enough and scientists of the late 

Middle Ages were already more familiar with the not yet 

named concept of “fractal”.   

 

2. ORIGINS OF THE CONCEPT OF 

FRACTAL IN ANTIQUITY 

 

One of the main scientific personalities of Antiquity 

is Pitagora (569/475 b.C.). He is considered to be the 

first one who dealt with the proportion related to the 

Golden Ratio, proportion which occurs few times in their 

specific pentagram symbol. The aforementioned 

proportion is then used by the Greek architect Phidias in 

some of his works and going out from the name of 

Phidias, the mathematician Mark Barr later also named 

this proportion or ration with the Greek letter Φ. 

It is supposed that the work of Pitagora has been 

transmitted to Euclid by his followers, probably Theodor 

Cyrene or even Plato. 

Another main scientific personality of Antiquity is 

Euclid of Alexandria (326/265 b.C.), who conceived his 

work “Elements” as a text for the discipline of geometry, 

for the ancient University of Alexandria. Even to today 

teaching standards, this work of Euclid is a remarkable 

one. Therein, going out from certain intuitive axioms and 

postulates, Euclid constructs step by step an entire 

edifice for mathematics. 

Fractals are about self-similarity mirrored in 

certain fixed proportions. It is very close at hand to 

suppose that, due to their obsession for proportions, 

antiques also had knowledge about fractal shapes which 

they encountered in Nature or which they themselves 

imagined, like the pentagram symbol of the Pitagora 

School. Other proofs for this are of course very elusive, 

on one side because the knowledge shared in the 

philosophical schools was known as being secret and on 

the other side, many works had not had the luck of the 

work of Euclid the Elements, to withstand the period of a 

few millenniums.  

 

3. ORIGINS OF THE CONCEPT OF 

FRACTAL IN MIDDLE AGE 

 

The idea of Golden Ratio or Divine Proportion has 

been probably transmitted to Euclid by means of the 

writings of Theodor Cyrene or Plato. Euclid mentions 

this proportion in the sixth book of his text, The 

Elements. In the Early Middle Ages, the mathematical 

science of Indians and Arabs was far more advanced 

than mathematics of Europeans. At that time, Arabs had 

already developed the first astrolabes used to determine 

the positions of stars in the sky, very useful in maritime 

navigation. Indians had already recorded important 

contributions by using the present day numbering system 

and they also developed advanced algebraic procedures 

to calculate square roots. 

The mathematical knowledge of Arabs and Indians 

was introduced in Europe only in the XII century, by 

Leonardo da Pisa (1170/1240 a. D.), who was also 

named Fibonacci. He was raised by his family in North 

Africa, since his father had worked in Algeria, as 

representative of the merchants from Pisa. Around 1200 

a. D. Leonardo returns to Pisa and shares the knowledge 

he had acquired in Africa, with its European 

contemporaries. He authored many books, out of which 

only five are still kept. One of them is Liber Abaci, a 

book designated to those interested in mathematics. In 

the same book he also presents the numbering system of 

the Indians which will be adopted a little bit later by 

Europeans and also presents the Rabbit problem. This 

latter problem contains the so named Fibonacci sequence 

which is directly connected with the Golden Number or 

Divine Proportion. The work of Leonardo da Pisa is then 

transmitted to its successors like Luca Pacioli and 

Leonardo da Vinci, both of them very passionate about 

arithmetic and geometry, who both shared a serious 

interest for proportions. In his works, Pacioli recognizes 

the contributions of his predecessors, Fibonacci also 

included. Some four hundred years after Fibonacci, the 

Golden Number is still unknown but at that time the 

mathematician Albert Girard puts the Rabbit problem in 

its mathematical form, namely each term of the sequence 

is defined by summing the previous two members of the 

sequence. Only in 1753, Robert Simson remarks that the 

sequence obtained by dividing two consecutive terms of 

the Fibonacci sequence is convergent, the limit of this 

sequence actually being the Golden Number. Taking into 

account all what has been presented in this subchapter, it 

is rather obvious that in the Middle Ages, scholars like 

Luca Pacioli which is also the author of the work De 

Divina Proportione, had already understood the 

significance of the Golden Number in the Creation and 

Nature. By studying living and non-living Nature, they 

almost surely saw this Golden Proportion which also 

characterizes various fractals, around them in Nature. 

The harmony perceived by the most sensitive of the 

Middle Ages’ artists also contributed to the magic of this 

number.  

 

4. MORE ABOUT FRACTALS 

 

Although an exact and generally accepted and 

recognized definition of fractals does not exist yet, the 

main ideas used to define fractals are self-similarity, 

being based on recursive rules and they relate with the 

space they are embedded in.  According to [8], a fractal 

is defined as “a rough or fragmented geometric shape 

which can be split into parts, each of which is a reduced 

size copy of the whole ”.One point agreed upon is the 

concept of fractal dimension, which are numbers 

quantifying the complexity of a fractal. As already 

mentioned before, fractals are about self-similarity 

mirrored in certain fixed proportions. Self-similarity can 

be defined as symmetry across different scale. Almost all 

fractals exhibit at least partially self-similarity. In the 

Middle Ages, scholars became more and more obsessed 
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with the Golden Ratio and they tried to find this number 

everywhere around them. Even though the respective 

Divine Proportion cannot be found in Nature such often 

as originally believed, the obsession of Middle Ages 

mathematicians has seriously contributed to advances 

related to proportions and fractals, on the realm of 

mathematics. The occurrence of the Golden Section is 

mainly observable in arts, design and architecture and 

the explanation for this lays in the fact that it was 

perceived by the human eye as a very harmonic 

proportion. This perceived harmony is also the reason 

why Le Corbusier introduced it in the standards of 

design in construction of buildings. In XVII 
th

 century, 

G. Leibniz approached in his work the concept of 

recursive self-similarity, after the notion of recursion has 

been previously defined and used and thus, fractals were 

increasingly, more rigorously treated.  

Fractal geometry is an extension or generalization of 

Euclidean geometry and is used to describe a great 

variety of self-similar objects. Fractals model complex 

physical processes but also dynamical systems. A main 

idea about fractals is that a simple rule or process, going 

through a lot of iterations becomes a very complex 

shape, structure or process. Since fractals are very simple 

processes which by many iterations produce very 

complicated results, this fact can be linked with the 

Chaos Theory with the following idea: if something 

represents a complicate result, does not necessarily mean 

that the initial input was complicated too. 

In the work of B. Bolzano, B. Riemann and K. 

Weierstrass, in the XIX 
th

 century they were identified as 

continuous but non differentiable functions. After that, 

G. Cantor, who attended lectures of Weiestrass 

published a work containing examples of subsets, known 

as Cantor sets, with unusual properties, later recognized 

as fractals. At the end of XIXth century, F. Klein and H. 

Poincare introduced the so called “self-inverse” fractals. 

At the dawn of the XXth century, H. v. Koch extended 

the ideas of Poincare, by giving a more geometric 

definition and also producing hand drawn images of the 

so called Koch snowflake. A little bit later W. Sierpinski 

constructed his famous triangle gasket. P. Fatou and G. 

Julia, French mathematicians, came at results describing 

fractal behaviour associated with mapping complex 

numbers. Three years thereafter, F. Hausdorff seriously 

extended the definition of “dimension” to non-integer 

numbers. Only with manual drawings, without the aid of 

computers the knowledge about fractals was rather 

limited. That changed in 1960s, when B. Mandelbrot 

used computer simulation to better visualize fractals and 

also promoted the so called Mandelbrot sets. The same 

mathematician, Benoit Mandelbrot coined the term of 

“fractal” in 1975, a word based on the Latin word 

“fractus” which means “broken” or “fractured”. A bit 

later, in 1980, L. Carpenter introduced a software for 

creating fractal landscapes.  

 

 

One important idea regarding fractals, dating back in 

1965 was expressed by B. Mandelbrot and R. Feynman 

in [7], and regards the potential relationship between 

quantum phenomena, chaos theory and also processes 

generated by fractals, going through an infinity of 

iterations, based on the stochastic behaviour of all these 

mentioned phenomena. This idea will be later retaken 

and closer analysed.  

One important key number which measure the 

degree of complexity of a fractal is the fractal dimension. 

The definition of fractal dimension is related to the 

concept of power law distribution. Data obeys a power 

law distribution if it fits the following equation: 

 

       𝑦 = 𝑐𝑥𝑑                            (1) 
 

If one applies the logarithm on the previous 

equation (1), then the respective relationship becomes 

linear, and can be rewritten in the following form: 

 

𝑙𝑜𝑔(𝑦) = 𝑙𝑜𝑔(𝑐) + 𝑑𝑙𝑜𝑔(𝑥)      (2) 
 

which represents a linear dependence between log(y) and 

log(x). The conclusion is that, if the plot of log(y) versus 

log(x) can be represented by a straight line, then the 

relationship between y and x represents a power law 

relationship with the slope d of the straight line plotted. 

If one denotes with n, the number of pieces and with 

s the reduction factor, then the dimension (D) of a fractal 

can now be introduced with the following formula: 

 

𝐷 = 𝑙𝑜𝑔𝑠 (
1

𝑛
)                           (3) 

 

For example, if a square is broken into four pieces 

by cutting each of its sides in half, then the dimension of 

this fractal is 

 𝐷 = 𝑙𝑜𝑔1

2

(
1

4
),                                (4) 

that is to say D=2. 

Considering now a Sierpinski Gasket, whereas the 

initial triangle is broken into three and the sides of this 

triangle are cut in half, then the dimension of this fractal 

is 𝐷 = 𝑙𝑜𝑔1

2

(
1

3
) = 1.585.                  (5) 

 

5. FRACTALS AND FRACTAL FEATURES IN 

NATURE AND NATURAL PHENOMENA 

 

In nature, approximate fractals can be found 

everywhere around. Some phenomena including fractal 

features are: leaves of trees and algae, animal coloration 

patterns, blood and pulmonary vessels, clouds and 

rainfalls areas, coastlines craters, crystals, DNA, 

earthquakes, heart rates, lake or sea shorelines and areas, 

lightning bolts, networks, polymers, mountain ranges, 

ocean waves, proteins, river networks, snowflakes, soil 

pores, trees and dust grains, as stated in [8]. 
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A branch of physical cosmology, called fractal 

cosmology is a set of theories which state that the 

distribution of matter in Universe or the structure of the 

universe itself, is a fractal. A central issue related to this 

interpretation of the Universe is the fractal dimension of 

the universe or of matter distribution within it, when 

measured at very large or very small scales. 

First fractal model for the distribution of galaxies 

was generated in 1987 by L. Pietronero and his team. 

When the number of discovered galaxies grew larger, 

this initial model was later consequently completed. 

Furthermore, by admitting the Big Bang and Inflationary 

Universe Theories, we are dealing in this case of the 

inflationary universe with a fractal in dynamic or with a 

fractal dynamic at very large scale. This dynamics of 

shaping based on evolving fractal shapes in time are a 

main goal of the fractal theory, because most natural 

processes and phenomena are dynamic processes 

evolving in time. 

Fractals can be also found in a wide range of 

applications in technology, such as: fractal antennas, 

fractal transistors, fractal heat exchangers, digital 

imaging, architecture and urban growth, fractal 

landscape or coastline complexity, enzymes, signal and 

image compression, computer video design and 

computer graphics, procedural generation, fracture 

mechanics, technical analysis of price series, networks, 

medicine, neuroscience, diagnostic imaging, pathology, 

geology, geography, archaeology and seismology. Very 

important for discovering and understanding fractal 

dynamics is, as it will be later shown, the procedural 

generation based on certain specific matrices used to 

identify and detect hidden rules of natural living or non 

living fractal structures and shapes. 

 

6.  CONCLUSIONS 

 

Fractal shapes and structures can be found everywhere 

around us in nature, but also in biological structures of 

our own human bodies. The roots of the concept of 

fractal and the initially related knowledge are to be 

found in the ancient philosophical schools of Greeks, 

knowledge which has been then transmitted to Arab and 

Indian civilizations. These origins returned to Europe 

only in the XII century by means of Leonardo da Pisa 

(Fibonacci) and they subsequently developed during 

whole Middle Ages. These origins of the concept of 

fractal can actually be found in the approaches of 

proportions by antiques, whose ideas were later retaken, 

improved and completed by scholars of the Middle 

Ages. The scientific personalities of the Middle Ages 

were people with multiple scientific and artistic 

background, for example, such as Luca Pacioli was, with 

contributions in arithmetic, geometry, art, architecture 

and accounting. Their multi- and interdisciplinary 

approach was very fruitful in linking the existent 

knowledge at that time and in gaining a much more 

deeper understanding of science, in general. The 

fascination produced by the Golden Ratio and the 

harmony perceived therein in the Middle Ages, has 

stimulated and has seriously helped important advances 

in mathematics. The term “fractal” was coined in the 

‘70s of the XX 
th

 century by B. Mandelbrot. The 

subsequent large availability of computing power further 

helped to understand fractals and to generate fractal 

shapes, which previously were impossible to be 

generated only by hand drawings. 
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Abstract : The development of monitoring of vibration’s system of wind turbines is an important stage for operational 

details. In order to highlight the innovations made in these systems, their structural elements must be analysed 

(characteristics and classification of sensors, monitoring and analysis of structure, conditions for monitoring program). 

In order to measure vibrations in wind turbines, a correct and continuous monitoring of the functional state of each 

element in the structure is necessary. In this paper are presented investigations for wind turbines from  wind farm 

Mireasa, South-East region of Romania, to determine the conditions of the drivetrain and highlight any potential 

developed problems. 

Key words: wind, turbine, monitoring, sensor, vibration, drivetrain, spectrum, frequency, trend analysis. 

 
 

1. INTRODUCTION 

 

The paper  some aspects about investigations for 3 wind 

turbines from  wind farm Mireasa, South-East region of 

Romania (latitude 44° 30' 0", longitude 28° 21' 0"), to 

determine the conditions of the drive train and highlight 

any potential developed problems (Figure 1, Figure 2) 

[1], [2].  

 
 

Figure 1 South East region wind farms [1], [2] 

 

In wind farm there are: 20 turbines type Goldwind 

GW100, each of 2500 kW, diameter 100 m. Total 

nominal power is 50,000 kW. 

 

 
Figure 2 Location of Mireasa wind farm [3] 

 

Mireasa wind farm is an operating wind farm in 

Mireasa, Constanta, Dobruja, Romania (Figure 3) [3], 

[4].  



 

 

 

 

 

 

53 

 

ISSN (Print): 1844-6116         
ISSN (Online): 2501-8795 

https://www. jmte.eu                  

Journal of Marine 
Technology and Environment 

DOI: 10.53464/JMTE.02.2022.09 

 
 

Figure 3 Wind farm phase 1 in Dobrudja [4] 

 

The wind farm is operating from 2015 and has a 

capacity about 50 000 kW (Figure 4, Figure 5) [5]. 

 
 

Figure 4 GoldWind GW1 [5] 

 

 
Figure 5 GoldWind farm [6] 

 

2. MATERIAL AND METHODS 

 

In order to measure vibrations in wind turbines, a 

correct and continuous monitoring of the functional state 

of each element in the structure is necessary. The 

structural elements subject to vibrations are carefully 

examined by specialized personnel and compared with 

the values recommended at the national and international 

level. In this paper will be used names like: 

 

2.1 Frequency domain: 

 

Frequency spectrum is a graph of amplitude in 

frequency. Spectral analysis is the most used diagnostic 

tool in detecting possible faults for mechanical 

components. The source and cause of vibration can be 

determined by identifying components frequencies 

through vibration signals. 

 

2.2 Time domain: 

 

The wave form is a graph of amplitude in time. The 

wave form is a very important tool in machinery 

diagnosis and is presented in direct link with identified 

defects. 

 

2.3 Tren analysis: 

 

Vibration trend is a graph that indicates the 

evolution of the vibration level of the surveyed 

machinery in time. 

 

2.4 Methodology 

 

 The drivetrain was subjected to a through 

inspection by using a portable condition monitoring 

system. Vibration measurements were taken and 

analysed from key points of the drivetrain. All data are 

presented in a original report and stored for several 

years. 

 

2.5 Equipments 

 

The equipments which are used are presented in 

Table 1 (Figure 6). There are alone (Figure 6 , Figure 7) 

or modular systems (Figure 8)[7] (with software-

controlled, online condition monitoring system with 

automatic data evaluation). 

 

Table 1. Equipments 
 

Name Type 

Timken [7] Online condition 

monitoring system 

Condmaster Nova 2010 Vibration analysis 

software 
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Figure 6 StatusCheck™ Wireless Condition 

Monitoring System [7] 

 
Figure 7 CMT: Stand-Alone Continuous Machine  

Tester [7]

 
 

Figure 8 CMM systems-Online Condition 

Monitoring Modules [7] 

 

The measurements of experiments were at different 

times (at 9 o’clock, at 12 o’clock) and with sensors on 

different positions. 

 

 

3.  RESULTS AND INTERPRETATIONS 

 

During monitoring systems were measured in 

different points and obtained with software  

- spectrum for: shock pulse measurement SPM at 

9 o’clock, at 12 o’clock (Figure 9, Figure 10) and graph 

evolution at the same time (Figure 11, Figure 12); 

- horizontal spectrum (with accelerometer) 

(Figure 13); 

- graphic evolution for horizontal acceleration 

(Figure 14);  

- graphic evolution for horizontal velocity 

(Figure 15); 

 

 
Figure 9 shock pulse measurement SPM at 9o’clock 

 

 
Figure 10 shock pulse measurement SPM at 12 o’clock 

 
Figure 11 Graphic evolution for 9 o’clock 

 
Figure 12 Graphic evolution for 12 o’clock SPM 
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Figure 13 Horizontal spectrum (accelerometer) 

 

 
 

Figure 14 Horizontal acceleration-graph evolution 

 

 
 

Figure 15 Graphic evolution for horizontal velocity 

 

 

In Figure 9 and Figure 10 can observed that a fault 

description is the number of  synchronous running speed 

harmonics dominate spectrum data (1xis set on 1 x 84 

PPF-generator poles pass frequency; data 2 x 84 PPF, 3 

x 84 PPF). 

In Figure 11 a fault description is no trend 

evolution has been detected. Vibration levels are 

acceptable. 

In Figure 12 no fault has been detected. Vibration 

levels are acceptable. 

In Figure 13 no fault has been detected. Vibration 

levels are acceptable. 

In Figure 14 a fault description is no trend 

evolution has been detected. Vibration levels are 

acceptable.  

 

4. CONCLUSIONS 

 

Analyzing the state of vibrations, a report can be 

drawn up in which the recommendations are to reanalyze 

another set of measurements made after 3 months, taking 

into account the operating conditions of the measuring 

devices [8], [9]. 

For the other measurements where no faults were 

detected, it is recommended to continue monitoring with 

the help of continuous control systems with the 

determination of evolution graphs. 
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Abstract: In this paper there are analyzed ecosystem status characteristics, pressures and impacts, risk matrix for a 

marine ecosystem . The methodology is a new tool for assessing the state of the environment 
[1], [2]

. The results are 

descriptive indicators of the analyzed ecosystems, wich were calculated by classical methods and computer applications 
[3], [4], [5], [6], [7]

. Using information about these descriptive indicators, the ecological status of the marine ecosystem was 

assessed, calculating the risk matrix 
[5], [6]

. Finally, it can observed that in the marine environment, the reconfigurations 

will have a tailor-made impact. The most affected will be the Black Sea fauna. 

Key words: marine, ecosystem, descriptive indicator, assessment, risk, vulnerability, impact. 

 

 

1. INTRODUCTION 

 

        The Black Sea is the expanse of water from the 

geomorphological basin called Pontic, one of the basins 

of the Tethysian tectonic complex, itself part of the 

Alpine-Himalayan orogeny, which also includes the 

mountains that border it to the north, northeast and 

south. It is located between Europe and Asia, with 

Russia, Ukraine, Romania, Bulgaria, Turkey and 

Georgia bordering on it. 

The Black Sea is, from a hydrological point of view, 

a remnant of the Sarmatian Sea and presents a number of 

unique aspects in the world: brackish waters, 

stratification between oxygenated surface waters and 

deep anoxic ones, harbors at river mouths, flora and 

fauna with many species -relics. In the area of the 

Romanian coast, the salinity drops even more, usually 

being between 7 and 12%0. 

In the Black Sea, from 100 m above the surface, 

temperature and salinity increase slowly with depth to 

about 9 ℃ and 22.2 per thousand, respectively, with the 

conventional density being greater than 14.5. Below 

1,700 m depth, the densities of the water layers are 

uniform down to the bottom and over the entire surface 

of the Black Sea basin. 

About 1,500 species of animals live in the Black 

Sea, especially invertebrates, fish, dolphins and even 

some seals in the region of Cape Caliacra. 

Maritime transport, tourism, the extraction of 

natural deposits, the discharge of water from wastewater 

treatment plants are some of the activities that negatively 

affect the Black Sea ecosystem, representing a danger to 

marine flora and fauna. An environmental risk analysis 

is necessary to avoid negative effects. 

Environmental risk analysis is a tool intended to provide 

decision makers with an objective, repeatable assessment 

of the risks posed by an important and specific issue to 

be addressed. 

 

 

2. RISK ASSESSMENT FOR THE CHOSEN 

LOCATION, BLACK SEA - PROBABILITIES OF 

OCCURRENCE, EXPOSURES, CONSEQUENCES 

AND VULNERABILITIES  

 

        The the Government's Emergency Ordinance no. 

195/2005 
[1]

 on environmental protection highlights the 

principle of prevention of strategic importance in risk 

management. It appears as a reference principle in the 

Yakahama strategy and Action Plan of 1994: "risk 

assessment is a necessary step for adopting appropriate 

and successful policies and measures regarding disaster 

reduction"
[2], [3]

. 

The main stages of risk management are hazard 

identification, qualitative and quantitative risk analysis, 

cost-benefit analysis correlated with change management 

and decision-making, hazard identification is usually the 

starting point for the risk assessment process. 

In carrying out risk analysis studies, the following 

questions are particularly important: 

- What weaknesses can appear in the management of the 

security system? 

- What's not working? 

- What are the preventive actions that can be taken to 

control the risk? 

mailto:viopanaitescu@yahoo.
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- What are the consequences of these actions? 

- How to use the output quantities to evaluate the recorded 

results and trends in order to determine if the company is 

doing things well, doing things the way they should be done 

and choosing its goals and targets? 

Qualitative analyzes used to identify hazards. They have 

as their main objective the establishment of the list of 

possible hazards, make it possible to rank the events in the 

order of risk and present the first step in the methodology for 

carrying out the quantitative risk analysis. 

Quantitative analyzes used to assess hazards, to decide 

how to act to eliminate or reduce risk. 
 

3. METODOLOGY 

 

The qualitative measurement of the consequences is 

carried out by categorizing them into five levels of 

severity, an internationally accepted methodology used 

in risk assessment studies. The five levels have the 

following specifications
[3], [4]

: 

1. Insignificant: for the population, insignificant 

injuries; for ecosystems, some minor adverse effects on a 

few species or parts of the ecosystem, short-term and 

reversible; socio-political, insignificant without reasons 

for concern. 

2. Minor: for the population, insignificant injuries; 

for ecosystems, some minor adverse effects on a few 

species or parts of the ecosystem, short-term and 

reversible; socio-political, effects without cause for 

concern for the community. 

3. Moderate: for the population, medical treatments 

are required; for ecosystems, temporary and reversible 

damage, on habitats and animal populations, on plants. 

Air quality is affected by compounds with long-term risk 

potential, possible harm to aquatic life, pollutants that 

require physical treatments, borderline soil 

contaminations that can be quickly remedied. Socio-

political, moderate effects of concern for the community. 

4. Major: for the population, special injuries; for 

ecosystems, death of some animals, large-scale injury, 

damage to local species and destruction of extensive 

habitats, air quality requires a "safe haven" or evacuation 

decision, soil remediation is possible through long-term 

programs; socio-political, effects with serious reasons 

for concern for the community. 

5. Catastrophic: for the population, death; 

ecosystems, toxic emissions outside the site with harmful 

effects, the death of animals in large numbers, the 

destruction of flora species, the quality of the air requires 

evacuation, the permanent contamination of the existing 

areas of the soil; socio-political, social effects with 

particularly great reasons for concern for the community. 

Anthropogenically introduced risks to the natural 

environment
[4]

: 

1. The geological substrate and relief 

2. Air quality 

3. Water pollution 

4. Soil degradation 

5. Degradation of natural habitats 

6. Risks to health, quality of life and socio-

economic activities. 

The Black Sea presents a high risk of environmental 

pollution due to maritime transport, tourism, extraction 

of natural deposits, water discharges from the 

wastewater treatment plant (Fig.1)
[5]

. 

 
Figure 1 Environmental degradation to disaster risk 

[5] 

 

The most important activity that seriously damages 

the marine habitat and water quality is the discharge of 

ballast water from ships transiting the Black Sea (Fig. 

2)
[5]

.  

 

 

 
Figure 2 Environmental risk assessment [5] 

 

This activity can introduce new species of fauna that 

can be invasive. An important measure to combat it is 

the installation of ballast water treatment systems on 

board the ship. 

The port industry also poses a very high risk to the 

Black Sea ecosystem (Fig. 3)
[6]

.  

 
Figure 3 The system’s exposure [6] 
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The only solutions to reduce this risk are those of 

the Black Sea, fines for those who pollute, the re-

technology of the equipment and machinery used and 

more laws to protect the Black Sea 
[7]

. 

 

3.1.Establishing good ecological status for the 

Black Sea 

 

The Framework Directive "Strategy for the marine 

environment" (2008/56/EC), transposed into national 

legislation by the Emergency Government Ordinance 

71/2010 on establishing the strategy for the marine 

environment, aims to achieve or maintain the good 

ecological state of the marine environment in all EU 

marine regions, including the Black Sea 
[7], [8]

.  

The Decision on the approval of the program of 

measures to achieve the good ecological status of the 

Black Sea marine region was adopted. This program 

includes 29 new measures, including the identification of 

marine plastic waste accumulation areas, the stimulation 

of environmentally friendly practices and the 

establishment and management of protected areas for 

cetaceans. 

Ecological status is the general state of the 

environment in marine waters, taking into account the 

structure, function and processes of the components of 

marine ecosystems, together with the natural 

physiographic, geographical, biological, geological and 

climatic factors, as well as the resulting physical, 

acoustic and chemical conditions especially from human 

activity carried out within or outside the area concerned. 

Good ecological status (GES)
[4]

 is the ecological 

status of marine waters, which is defined by the 

ecological diversity and dynamics of oceans and seas, 

which are clean, in good sanitary condition and 

productive, characteristics that depend on intrinsic 

factors and by a sustainable use of the marine 

environment, thus safeguarding its potential for the uses 

and activities of current and future generations. 

Qualitative factors for determining good ecological 

status are (Fig. 4
)[5]

: 

1. Biological diversity is conserved. The quality and 

number of habitats, as well as the distribution and 

abundance of species are adapted to the existing 

physiographic, geographical and climatic conditions. 

2. Non-indigenous species introduced by human 

activities are at a level that does not disrupt ecosystems. 

3. Populations of all commercially exploited fish 

and crustaceans are within biosecurity limits, showing an 

age and size distribution of the population that is 

indicative of good stock status. 

4. All elements of the marine food web, as far as 

they are known, are present in normal abundance and 

diversity and at a level that ensures the long-term 

abundance of the species and fully maintains their 

reproductive capacity. 

5. Eutrophication resulting from human activities, 

especially its negative effects such as biodiversity loss, 

ecosystem degradation, toxic algal blooms and deep 

water deoxygenation, is minimized. 

6. The integral aspect of the seabed ensures that 

ecosystem structure and functions are preserved and 

benthic ecosystems in particular are not affected. 

7. The permanent modification of hydrographic 

conditions does not harm marine ecosystems. 

8. Contaminant concentration level does not cause 

effects due to pollution. 

9. Contaminant concentrations present in fish and 

other living resources intended for human consumption 

do not exceed the limits set by Community legislation or 

other applicable rules. 

10. Properties and quantities of marine debris do 

not cause damage to the coastal and marine environment. 

11. The introduction of energy, including 

underwater sound sources, is done at a level that does 

not harm the marine environment. 

 

 
 

 

Figure 4 Water body condition assessment [5] 

 

3.2. Creation of the risk matrix for the Black Sea 

 

The qualitative measurement of the consequences is 

carried out by dividing them into five levels of severity, 

an internationally accepted methodology used in risk 

assessment studies 
[6], [7]

. The grades of the risk-

appreciation factors were given for each individual 

component, the geological substrate and relief, air 

quality, water pollution, soil degradation, degradation of 

natural habitats and risks to the human component 

(Table 1, Table 2)
[4]

. 

Table 1. The risk matrix with descriptive indicators 

[4] 

Descriptive indicators & 

GES  

Black Sea 

D1-Biodiversity/ Phytoplankton Moderate 

D1-Biodiversity / Fish Moderate 

D1-Biodiversity / Mammals and 

reptiles 
Moderate-High 

D1-Biodiversity / Marine Birds High 
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D1-Biodiversity / Predominant 

habitats 
Moderate-High 

D2-Non-native species High 

D3-Commercial fish & 

crustaceans 
High 

D7-hydrographic 

conditions/Marine food chain 
High 

D5-Eutrophication Moderate 

D6-Integrity High 

D8-Contaminants Moderate-High 

D9-Contaminants in fish & 

shellfish 
Moderate 

D10-Marine waste High 

D11-Underwater noise High 

 

Table 2. The final risk matrix [4] 

Indicator Score Risk class 

Geological 

substrate and 

relief 

10 Minor risk 

26 Higher Risk 

48 Very high risk 

84 Very high risk 

   

Air quality 

52 Very high risk 

40 Very high risk 

56 Very high risk 

154 Very high risk 

   

Water quality 

18 Medium risk 

36 Very high risk 

32 Higher Risk 

56 Very high risk 

142 Very high risk 

   

Soil degradation 

26 Higher Risk 

48 Very high risk 

56 Very high risk 

130 Very high risk 

   
Degradation of 

natural habitats 

64 Very high risk 

44 Very high risk 

32 Higher risk 

140 Very high risk 

   Health risks, 

quality of life and 

socio-economic 

activities 

52 Very high risk 

56 Very high risk 

33 Very high risk 

22 Medium risk 

163 Very high risk 

 

Using new computer applications for area of 

interest, it can be calculated the degree of exposure to 

different risk factors for each area exposed or not (Fig. 

5) 
[4]

. The Black sea basin is divided into territorial 

waters, contiguous zone, exclusive economic zone and 

using using biogeographic or environmental criteria, for 

each area we have a value from computer application 

(NEAT
+
- Nexus Environmental Assessment Tool)

[9] 

 
 

Figure 5 The exposure of areas [4] 
 

The tools of computer application are the 

implementation of software as a biodiversity assessment 

tool used to assess the environmental status of marine 

ecosystems. 

 

3.3. Results and interpretations 

 

The results obtained by combining the classic 

evaluation methods with computerized applications are: 

- data on the GES, God ecological status of each 

analyzed territorial area (Fig. 6); 

 
Figure 6 GES data 

 

- the risk matrix for different indicators which 

depend on factors like severity, magnitude score, 

impacts, probability, etc. (Fig. 6, Table 3); colors 

green, orange and yellow mean the analyzed areas are 

not exposed to damages/risks. 

 
Table 3 Risk matrix for water pollution 

Risk  Severity Score Impact  Risk 

Oil spills 2 2 2 

18-

Medium 

risk 

Waste 2 1 3 
36- Very 

high risk 

Wastewater 

discharges 
3 2 2 

32-

Higher 

risk 
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Ballast 

water 

discharges 
4 3 4 

56- Very 

high risk 

 

The areas exposed to different risks in the Black Sea 

are those delimited on the N-E of marine coast 

(Constanta- Gura Buhaz, Portita-Sfantu Gheorghe-

Sulina)
[4]

. 

 

4. CONCLUSIONS 

 

The Black Sea presents a high risk of environmental 

pollution, due to maritime transport, tourism, the 

extraction of natural deposits, water discharges from the 

wastewater treatment plant. 

This environmental risk analysis carried out is a tool 

intended to provide an objective to those who make 

decisions, the repeatable evaluation of the risks 

presented by an important and specific aspect to be 

solved. 

The most important activity, which seriously 

damages the marine habitat and water quality, is the 

discharge of ballast water from ships transiting the Black 

Sea. This activity can introduce new species of fauna 

that can be invasive. An important measure to combat it 

is the installation of ballast water treatment systems on 

board ships. 

The port activity industry also represents a very big 

risk for the Black Sea. The only solutions to reduce this 

risk are those of the Black Sea, fines for those who 

pollute, the re-technology of the equipment and 

machinery used and more laws to protect the Black Sea. 

In conclusion, all these activities represent a danger 

to the flora, fauna and popularity of the Black Sea coast 

and to prevent and minimize these effects, an 

environmental risk analysis is necessary. 
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