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Abstract: The use of electronic equipment for navigation is widely considered both necessary and useful. The 
introduction of electronic charts and ECDIS equipment has substantially reduced the officers’ workload previously 
burdened by paper chart navigation. The amount of time previously spent for handling and correcting the paper 
charts during navigational watch gives the dimension of the effort required by the traditional paper navigation. The 
valuable time saved by the paperless navigation offers the deck officer the possibility to properly lookout, evaluate 
and assess the situation before making decisions. The advanced technologies offer multiple benefits, through 
sophisticated functions, used during navigation to greater or lesser extent. These functions are generally regarded as 
providing assistance for the safety of navigation and therefore their understanding is paramount. Several casualties 
related to ECDIS navigation have proved that the deck officers over-rely on the electronic equipment. In many cases, 
these officers failed to analyse and synthetize the information provided by the electronic equipment. This paper aims 
at advancing factual information relating to ECDIS navigational incidents and analysing their occurrence with 
regard to ECDIS implementation timetable. The main result of this review is the understanding of human resistance 
to change, in spite of common openness to using new technologies. 
 
Key words: ECDIS equipment, navigation incidents, ships, safety of navigation. 
 
 
1. INTRODUCTION 
 

Electronic Chart Display and Information System 
(ECDIS) is a complex navigation tool developed “to 
assist the mariner in route planning and route 
monitoring, and if required display additional 
navigation-related information if required”, as specified 
in the Performance Standards for ECDIS [1]. 

The legal history of ECDIS starts in 1995 with 
resolution A.817(19) [2] of the International Maritime 
Organization (IMO), that allowed the use of ECDIS as 
bridge equipment on board conventional ships. The 
statement that marked the acceptance of ECDIS was: 
“can be accepted as complying with the up-to-date chart 
required by regulation V/20 of the 1974 SOLAS 
Convention”. 

Five years later, in November 2000, the Maritime 
Safety Committee (MSC) have accepted ECDIS “as 
meeting the chart carriage requirements of the 
regulation” [3], by revising Rule 19 of SOLAS 
Convention, Chapter V, with amendments which entered 
into force in 2002.   

In July 2009, the IMO’s MSC, adopted the carriage 
requirement, specifying that “all new and existing 
vessels must install ECDIS on board” and established the 
Implementation timeline, illustrated in the Figure 1. 

The transition to ECDIS covers a six-year 
implementation period, July 2012 – July 2018. During 
this phase, according to the type of vessel and size, gross 
tonnage (GT), the ship-owners have to fit the ships with 
approved ECDIS equipment.  

The mandatory implementation starts with fitting 
the newbuild passenger ships with more than 500GT and 
newbuild tankers with more than 3000GT in 2012 and is 
expected to end in 2018 with the existing cargo ships 
with GT between 10,000 and 20,000.  
 

 
 

Figure1  ECDIS implementation timeline [4] 
 

As the use of ECDIS software became mandatory 
on board ships, in excess of thirty different ECDIS 
manufacturers began the development of such a product. 
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Because of the complexity of ECDIS and the 
considerable number of equipment manufacturers, IMO 
has set minimum Performance Standards, ensuring that 
the equipment developed provided the minimum 
functions required for the safety of navigation.  

Being a modern electronic equipment, integrating 
almost all bridge tools with multiple functions available 
with one mouse click, it is likely for the navigators to 
over-rely on it.  Therefore, the Manila Amendments to 
STCW, 2010 introduced the ECDIS mandatory training 
for deck officers and Masters. The IMO has established 
the type and the content of training necessary to be 
completed by users, the IMO Model course [5].  

The use of advanced technologies in shipping is 
mainly directed towards optimization [6] and increasing 
efficiency. The following is a review of a series of 
navigational incidents and near misses related to the use 
of the ECDIS equipment. 
 
2. ECDIS CASUALTIES 
 

Marine accidents are investigated for several 
reasons such as providing factual information, 
establishing liability for insurance purposes, or 
consolidating the regulatory framework.  The 
investigations of the incidents presented in this section 
were conducted by different expert offices, the Marine 
Accident Investigation Branch MAIB (UK), the National 
Transportation Safety Board (US) and the Federal 
Bureau of Maritime Casualty Investigation (US). 

Factual information are presented below in the 
scope of analysing the span of the incidents’ causes and 
evaluating the extent to which the actual ECDIS training 
meets its purpose.   

 
2.1. COSCO BUSAN 

On the 7th of November 2007, the containership 
COSCO BUSAN allided with the fenders situated at the 
base of the Delta tower of the San Francisco–Oakland 
Bay Bridge. Figure 2 presents the approximate intended 
course of the COSCO BUSAN highlighted by the black 
dotted line. 

 

 
 

Figure 2  Navigation chart of the accident area [7] 

The NTSB stated in their investigation report [7], 
that the probable cause of the allision was “the failure to 
safely navigate the vessel in restricted visibility as a 
result of (1) the pilot’s degraded cognitive performance 
from his use of impairing prescription medication, (2) 
the absence of a comprehensive pre-departure 
master/pilot exchange and a lack of effective 
communication between the pilot and the master during 
the accident voyage, and (3) the master’s ineffective 
oversight of the pilot’s performance and the vessel’s 
progress”. 

Regarding the use of electronic equipment, it is 
important to mention that the vessel was using vector 
charts CM-93. Neither the pilot nor the master was 
familiar with the chart symbols, as resulted from the 
post-accident interviews and the discussions recorded by 
the VDR. Even if the electronic chart system was not an 
approved ECDIS, the symbols used for the conical buoys 
were similar to those accepted by the International 
Hydrographic Organization [8]. These symbols and their 
characteristics are presented in Figure 3. 
 

 
 

Figure 3  IHO symbol used to represent conical buoys on 
paper charts (left) and electronic charts (right) [8]. 

 
2.2. LT CORTESIA 

On the 2nd of January 2008, the container ship LT 
CORTESIA ran aground on the Varne Bank sandbank in 
the English Channel, during navigation from the Thames 
Port to the Suez Canal [9], as presented in Figure 4. 
 

 
 

Figure 4  Navigation chart of the accident area [9] 
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The investigation report concluded that the deck 
officer failed to assess the navigational situation and also 
identified that the ECDIS safety parameters were 
incorrectly set. Figure 5 presents the ECDIS “night” 
display and the extent to which the brightness can affect 
the visibility: the buoy symbols were hardly visible and 
the contrast between areas adjacent to the Shallow 
contour was low. 
 

 
 

Figure 5  Night display type 
 

According to the investigation report [9] “If the 
chief officer had selected a better night display or had 
chosen a 2 color-display in conjunction with a better 
setting of the Safety Contour, he would have – even in 
the night – noticed the absolutely non-navigable critical 
depth representation of the Varne Bank”, then this type 
of accidents could have been avoided. 

 
2.3. CFL PERFORMER 

On the 12th of May 2008, CFL PERFORMER 
grounded on Haisborough Sand off the east coast of UK, 
North Sea area [10] as presented in Figure 6. 
 

 
 

Figure 6  Vessel’s track over Haisborough Sand [10] 
 
Besides the fact that not all the deck officers had 

been trained in the use of ECDIS, from the MAIB 
investigation report [10] resulted that “the route plan 
took the vessel across Haisborough Sand, and the in-
built safeguards in the vessel’s ECDIS which are 

intended to prevent accidents of this nature were not 
utilised and the system warnings were not acted upon”. 

The vessel’s original passage plan, black line and 
the revised planned routes recorded by AIS, red line, are 
presented in Figure 7. 
 

 
 

Figure 7  The original and revised planned routes [10] 
 

2.3. CSL THAMES 
On the 9th of August 2011, the bulk carrier CSL 

THAMES, grounded in the Sound of Mull while on 
passage from Glensanda to Wilhelmshaven, as presented 
in Figure 8.  
 

 
 

Figure 8  AIS tracks of CSL THAMES (red line) and the 
sailing vessel (blue line) [11] 

 
From the MAIB investigation report resulted that 

the intention of the THAMES’s officer was to alter the 
course to the starboard of the planned route in order to 
avoid collision with another vessel.  

If properly used, the ECDIS should have alerted 
him that the vessel will navigate into shallow water. The 
investigation report reveals that “A safety contour setting 
of 10 metres was inappropriate for CSL THAMES’s 
draught of 10.63 metres. Taking into account the height 
of tide of 1.4 metres and an estimated squat of 0.9 metre, 
the vessel would have grounded at a charted depth of 
10.13 metres, before crossing the safety contour” [11]. 

 
2.4. OVIT 

On the 18th of September 2013, the chemical tanker 
OVIT ran aground on the Varne Bank, Dover Strait 
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during its voyage from Rotterdam Netherlands, to 
Brindisi, Italy, as illustrated in Figure 9. 

 

 
 

Figure 9  Detail of Dover Strait passage plan [12] 
 

The MAIB investigation report [12], established 
that “The passage was planned by an inexperienced and 
unsupervised junior officer. The plan was not checked by 
the master before departure or by the officer of the 
watch at the start of his watch”. Figure 10 presents the 
ECDIS display with the planned route passing directly 
over the Varne Bank. 
 

 
 

Figure 10  Area of grounding [12] 
 
3. CAUSES OF THE ACCIDENTS 
 

The analysis of the causes of ECDIS related 
incidents reveals a major influence of the human 
element. The failures of the team bridge in setting the  
ECDIS according to the intended voyage and the 
improper use of additional capabilities of ECDIS has 
conducted to several accidents. Such failures are: 
improper use of safety parameters, inadequate selection 
of the display mode, improper voyage planning or not 
using the route check facility. 

The degree of novelty of the above mentioned 
functions may be low. Generally, deck officers appear to 
know common functions such as setting the safety 
parameters, the purpose of the safety contour or the use  

 
 

of Radar/AIS overlay. But do they know how to 
establish values of such parameters properly, how to 
interpret the messages through which ECDIS 
communicates or the limitations of ECDIS? The analysis 
of the causes of accidents indicates the improper use of 
ECDIS. This is likely to be the result of an overreliance 
on the electronic system, without proper setting of 
voyage parameters.  
 
4. CONCLUSIONS 
 

The inadequate use of the ECDIS equipment can 
cause serious accidents. The software failure does not 
seem to be the main cause of incidents while the human 
error does. Therefore, the solution for avoiding the 
occurrence of accidents is in the navigators’ hands. 
Analysing the evolution of causes suggests that the 
mandatory training period is too short for understanding 
the system and their functionalities. The use of ECDIS 
functions which was cause of most accidents may have 
been included in the training curricula and taught during 
ECDIS courses. However, there is doubt regarding 
trainees’ understanding of the operation and the 
importance of the ECDIS functions.  

The results of this review highlight the need of a 
thorough training, even extending the training period, 
consolidated and confirmed by a more comprehensive 
assessment of navigators’ skills and competencies. 
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Abstract: EU waste policy has evolved over the last 30 years through a series of environmental action plans and a 
framework of legislation that aims to reduce negative environmental and health impacts and create an energy and 
resource-efficient economy. The EU’s Sixth Environment Action Programme (2002- 2012) identified waste 
prevention and management as one of four top priorities. In this paper we will present the implementation of a new  
integrated municipal waste system in Constanta county. An important feature of the Constanta county, with 
implications for integrated waste management is represented by the high degree of urbanization: 70% of the county 
population lives in urban areas, of which over 70% in towns located in the Black Sea area. The overall objective of 
the system of waste Constanta is developing an integrated, sustainable waste management, by improving waste 
management based on adequate infrastructure, reducing the number of contaminated sites in the county, mainly 
aimed at respecting the acquis communautaire of environment and having the effect to grow living environmental 
and standards in Constanta County. 
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1. INTRODUCTION 
 

EU waste policy has evolved over the last 30 years 
through a series of environmental action plans and a 
framework of legislation that aims to reduce negative 
environmental and health impacts and create an energy 
and resource-efficient economy. The EU’s Sixth 
Environment Action Programme (2002- 2012) identified 
waste prevention and management as one of four top 
priorities. Its primary objective is to ensure that 
economic growth does not lead to more and more waste. 
This led to the development of a long-term strategy on 
waste. The 2005 Thematic Strategy on Waste Prevention 
and Recycling resulted in the revision of the Waste 
Framework Directive, the cornerstone of EU waste 
policy [1]. The revision brings a modernised approach to 
waste management, marking a shift away from thinking 
about waste as an unwanted burden to seeing it as a 
valued resource. The Directive focuses on waste 
prevention and puts in place new targets which will help 
the EU move towards its goal of becoming a recycling 
society. It includes targets for EU Member States to 
recycle 50% of their municipal waste and 70% of 

construction waste by 2020. The Directive introduces a 
five-step waste hierarchy where prevention is the best 
option, followed by re-use, recycling and other forms of 
recovery, with disposal such as landfill as the last resort. 
EU waste legislation aims to move waste management 
up the waste hierarchy. (Figure 1) 

 

 
 

Figure 1  The Waste Herarhy [1] 
 

It is notable that in several countries, municipalities 
are grouping together in intermunicipalities or waste  
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associations to approach waste management on a joint 
basis. It is important to recognise that the size of local 
authorities varies considerably across Europe. France has 
35,000 communes whilst the UK, withroughly the same 
population, has around 400 local authorities. On average, 
thecommune would be one-hundredth the size of the 
average local authority. As such, the need to collaborate 
in larger units varies across countries. 

It is also quite clear that private sector involvement 
differs across countries. At the European level, it can 
probably be said to be increasing, but there is no firm 
oneway trend in all countries. 

It is quite clear that the way in which Member 
States implement Producer Responsibility legislation 
affects local authorities in different ways. In some 
countries, responsibility for the different fractions is 
given over completely to specific organisations (Austria, 
Belgium, Finland, France, Germany, Luxembourg and 
Sweden) so that the municipalities are not paying for this 
collection. In others (France, Ireland, Italy and Spain), 
the local authority receives a payment but this does not 
cover the total collection cost. 

In other countries (Denmark, Greece, Netherlands 
and the UK), there is no direct funding of the collection 
of packaging fractions. In Denmark, however, all 
municipalities are required to instigate either kerbside or 
bring collections for paper and glass. The agreement 
between VNG (the association representing 
municipalities) and the AOO (the Waste Management 
Council of the Netherlands) requires local authorities in 
the Netherlands to seek to meet high rates of recycling 
for packaging. In the UK and Greece, however, there are 
no such compulsions, although in England, statutory 
recycling targets for each local authority have been 
established [1], [2]. 

The arguments concerning the relative merits of 
different approaches is somewhat complex, but the 
question of who actually collects the material and how is 
an important one. Where collection systems become 
fragmented (through introducing responsibilities upon 
specific actors for specific material), this can increase 
the costs of collection systems. 

It is well known that our society is a society of 
growth and development. No doubt the primary 
objective of any country is a continous economic growth 
. But this requires adequate protection of the 
environment in order to ensure sustainable development 
of society. Among the many environmental problems 
that exist without doubt that waste is a major problem. 
The quantities of waste generated in an alert grow from 
year to year and the impact they have on the 
environment and therefore the community is increasingly 
higher. 

Municipal waste management is a responsibility 
primarily for government authorities but also for the 
population. 

 
2. STUDY AREA 

 
Constanta county has a total area of 7071 km2 and 

has a population of 723 831 inhabitants total. In terms of 
administrative, county includes 3 municipalities 
(Constanta - city district capital, Mangalia Medgidia), 9 
cities (Baneasa, Cernavoda, Eforie, Harsova, Napa, 
Navodari, Black-Voda, Ovidiu Techirghiol) and 58 
communes. 

In the county of Constanta was established 
"Dobrogea Intercommunity Development Association", 
called ADI, registered on 02.02.2010, according to 
extract from the register of foundations and associations. 

Constanta County Council - is a member of ADI 
and will participate with other members of the 
association, according to its state, implementation and 
operation of integrated waste management system in the 
county of Constanta. 

According to the latest changes in the Law 
101/2006 on the sanitation service of the localities, the 
County Council is the beneficiary of the project in that 
all goods purchased or produced by the project will enter 
the public domain of the County Council. County 
Council will be the main actor in the management and 
implementation of the investments necessary for 
integrated waste management system. 

Of the total county population, 105 125 inhabitants 
of 9 villages (towns: Mangalia, Navodari municipalities 
23 August, Albesti, Castelu, Cogealac, Costinesti Poarta 
Alba, Seimeni) are not served by the project, since they 
are not joined to the Association of Development 
Intercommunity (ADI) Dobrogea. 

Waste management in cities that are not part of the 
ADI is done either by private operators (Uranus SA, 
Polaris, Iridex) or by local public services. They provide 
waste collection, transport and disposal of waste in 
existing landfills. 

These authorities will be responsible for ensuring 
observance of the regulations on reducing the amount of 
stored waste, recycling and disposal in landfills. 

Existing facilities that can serve non-ADI localities 
are: Ovidiu waste landfill, sorting plant and landfill 
Costinesti, landfill Albesti. 

The total population of the project area is 619 980 
inhabitants, of which 451 675 and 168 304 live in urban 
areas live in rural areas. 

An important feature of the county, with 
implications for integrated waste management is 
represented by the high degree of urbanization: 70% of 
the county population lives in urban areas, of which over 
70% in towns located in the Black Sea area. 

The overall objective of the system of waste 
Constanta is developing an integrated, sustainable waste 
management (called SMID), by improving waste 
management based on adequate infrastructure, reducing 
the number of contaminated sites in the county, mainly  
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aimed at respecting the acquis communautaire of 
environment and having the effect to grow living 
environmental and standards in Constanta County. 

Regarding the specific objectives of the system, 
they have taken into account the following requirements: 
• Compliance with legal commitments assumed by 
Romania's EU Accession Treaty [3]. Proposed 
investments will contribute to compliance with the 
requirements of this Treaty, in compliance with relevant 
Directives on waste management; 
• Compliance with Environment legislation and other 
national targets, with regional and county waste 
management plans; 
• Contribution proposed measures and investment plans 
to achieve the objectives of national, regional and county 
waste management; 
• Defining an investment program, which aim to identify 
priority investments in order to comply with the most 
important deadlines required; 
• Strategic development of integrated waste management 
system, including sorting, transport, storage and other 
treatment processes, closure and rehabilitation of 
existing non-compliant landfills; 
• The efficiency of the proposed system, taking into 
account affordability and population services; 
• Contributing to the improvement of environment and 
living conditions; 
• Develop appropriate institutional framework for a 
services sanitation, as required by EU and national 
legislation. 
 
3.  WASTE COLLECTION 
 

Current waste management system includes 
collection, transportation and final disposal services for 
waste collected both from the public and from traders. 
In some rural areas, local authorities acting through their 
public waste systems that do not have permits  and 
licences. The equipment used is old and worn, and the 
operations performed are simple. 

Management of waste services could be achieved 
by: 
• direct management of a service organization -By own 
operating integrated waste management system 
• Delegated Administration - by organizing an award 
procedure under the law, by a licensed operator for each 
area of waste management and integrated waste 
management system. 

Municipal waste is all waste generated in urban and 
rural areas,of households, institutions, commercial 
establishments and service providers (waste), street 
waste collected from public spaces, streets, parks, green 
spaces, construction and demolition waste. 

Include both municipal waste generated and 
collected waste (mixed or separate) and uncollected 
waste generated. 
 

Collection and transportation of municipal waste 
 

At feasability study phase, in consultation with 
local beneficiaries of the waste management project 
resulted in the sharing of the county in 6 areas, namely: 
Area 1 and Area 2 are located in coastal area of the 
county and includes major cities, as shown below: 

 
1) Area 1 - Constanta, represents the northern part of the 
coastal area, named after the capital of the county - 
Constanta. 
Cities: The city of Constanta, Ovidiu cities and 
Murfatlar.Comune: Trajan's Ovidiu, M.Kogalniceanu, 
Garden, Fantanele, Targusor, Sacele, Istria, M. Viteazu, 
Corbu. 

Area 1 is the total population of 384 284 
inhabitants, accounting for nearly 60% of the total 
county population and 80% of urban population served 
by integrated waste management system. 

Existing facilities for treating waste in the landfill 
include ecological Ovidiu, sorting plant with small 
capacity and small capacity decompost  station in the 
village of Corbu and MM Recycling sorting plant in 
Constanta. 

By implementing integrated waste management 
system, the existing infrastructure is completed with 
waste collection containers and the construction of new 
facilities and sorting and treatment of waste facilities : 
• sorting station 
• mechanical-biological treatment station in the town of 
Ovidiu. 
Thus, the waste stream in Area 1 will be: 
• Waste biodegradable waste - will be transported by 
mechanical-biological treatment plant Ovidiu; 
• recyclable waste collected from households and 
economic agents will be sorted in existing stations in 
Corbu (waste generated in the county of Corbu), MM 
Recycling (waste generated in Constanta) and sorting 
plant which will be built in Ovidiu ( waste generated in 
area 1); 
 
2) Area 2 - Eforie represents the southern part of the 
coastal area, named after Eforie, a well-known Black Sea 
resort and also the main town in the area. 
Cities: Eforie, Techirghiol, Negru Voda 
Common: Agigea, Baraganu, Mereni, Pecineaga, 
Topraisar, Tuzla, Cumpana, Amzacea, Comana, 
Chirnogeni, Limanu 

The total population of Area 2 is 72 555 
inhabitants, representing almost 12% of the total county 
population and 4% of the urban population served by 
SMID. 

Existing waste treatment facilities in the area are: 
ecological deposit from Costinesti new sorting plant 
built on the site of the landfill facility Costinesti and 
sorting station small capacity of Cumpăna. 
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After the implementation of integrated waste 
management system, existing infrastructure is 
complemented by purchasing containers for selective 
collection of waste. 

Thus, the waste stream in Area 2 will be: 
• Waste sorting recyclables will be transported to the 
sorting plant on the site of the existing landfill ecological 
Costinesti, except Cumpana waste that will be sorted 
into the existing station in the village; 
• Waste from street garbage cans street will enter the 
sorting stations also mentioned above and those from 
residual waste and street sweeping will be stored in the 
existing organic deposit in Costinesti. 

Areas 3,4,5,6 are located in the central and western 
county of Constanta, as presented below: 

 
3)  Area 3 - Deleni represents southwestern corner of the 
county, named after Comuna Deleni. 
Cities: Baneasa (5500 inhabitants) 
Common: Deleni, Ostrov, Aliman, Lipnita, Oltina, 
Dobromir, Ion Corvin, Adamclisi, Independence, 
Dumbraveni 
 The total population of Area 3 is 32 402 
inhabitants, representing nearly 5% of the total county 
population and 1.2% of the urban population served by 
the project. 
 Existing waste management facilities in the area 
were provided by PHARE project [3], which 
implemented a system of selective collection and 
transportation of waste. 
   By implementing the integrated waste management 
system, the existing infrastructure is complemented by 
the construction of a waste transfer stations in Deleni 
village. 
  Thus, the waste stream in the area 3 will be [4]: 
• recyclable waste will be transported from station trasfer 
Deleni long-haul trucks through the sorting plant on 
landfill site Tortoman; 
• Waste Waste & biodegradable and street waste will be 
transported from station trasfer Deleni by truck long-
haul by the treatment plant mechanical-biological (MBT) 
from the site Tortoman for treatment and residues from 
the station TMB and waste biostabilised be stored on 
new warehouse built in Tortoman. 
 
4) Area 4 - Cernavoda represents the Phare project 
"Implementation of integrated management of municipal 
waste", located in the western part of the county, named 
after the town of Cernavoda. 
Cities: Cernavoda 
Common: Saligny, Rasova, Silistea 

Area 4 is the total population of 26.420 inhabitants, 
representing nearly 4% of the total county population 
and 5% of the urban population served by SMID. 

Existing waste management facilities in the area 
were provided by Phare System selective collection and  

 

transportation of waste sorting station / transfer at 
Cernavoda [5]. 

After the implementation of SMID, Current 
infrastructure remains the same. 

As a result, the waste stream in area 4 will be: 
• recyclable waste - will be treated in the sorting station 
Cernavoda; 
• Waste & biodegradable waste and street waste - will be 
transported to the station TMB Tortoman / treatment and 
residues from waste station and TMB biostabilised be 
stored on storage Tortoman. 
 
5) Area 5 - Harsova represents the north-west of the 
county, named after the city Harsova. 
Cities: Harsova (10 768 inhabitants) 
Common: Ciobanu, Cross, Ghindaresti, Pantelimon, 
Topalu Garliciu, Horia, Saraiu, Vulturu 

The total population in Area 5 is 28 524 
inhabitants, representing nearly 5% of the total county 
population and 2.5% of the urban population served by 
SMID. 

There are no existing waste management facilities 
in the area. 

By implementing SMID, existing infrastructure 
will be filled with waste collection containers and the 
construction of a waste transfer stations in the city 
Harsova. 

Thus, in the waste stream 5 will be: 
• recyclable waste will be transported from the transfer 
station Harsova long-haul trucks through the sorting 
plant on landfill site Tortoman; 
• Waste Waste & biodegradable and street waste will be 
transported from the transfer station Harsova by truck for 
long-haul to the station MBT on site deposit Tortoman 
and residues from the station TMB and waste 
biostabilised be stored on storage Tortoman. 
 
6) Area 6 - Medgidia, is a central part of the county, 
named after Medgidia city. 
Cities: Medgidia (45 567 inhabitants) 
Common: Tortoman, Mircea Voda, N.Balcescu, 
Cobadin, Cuza Voda, Ciocarlia Cave 
  The total population is 74 521 inhabitants in Area 
6, accounting for nearly 12% of the total county 
population and 10% of the urban population served by 
SMID. 

Existing waste management facilities in the area 
were provided by Phare, which implemented a system of 
selective collection and transportation of waste. 

After the implementation of SMID, existing 
infrastructure will be completed by the construction of a 
new landfill, a sorting plant and a mechanical-biological 
treatment plants[6] in the town Tortoman. 

Thus, the waste stream in area 6 will be: 
• recyclable waste will be transported to the sorting plant 
on landfill site Tortoman; 
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• Waste & biodegradable waste and street waste will be 
transported to the mechanical-biological treatment plant 
and TMB station and residues from waste be stored on 
storage biostabilised Tortoman. 

To reduce the amount of biodegradable waste 
deposited on deposits was provided consistent measure 
of purchasing individual composters for 50% of 
households in rural areas, all 6 areas. 

The figure below shows Constanta county map 
(Figure 2) divided into 6 areas collection, and the next is 
SMID waste stream in Constanta county., the existing 
infrastructure is complemented by the construction of a 
waste transfer stations in Deleni village. 
   

 
Figure 2  Areas collection in Constanta county[3] 

 
 
 
 
 
 
 
 
 
 
 

 

4. CONCLUSIONS 
 
The idea that waste management can be integrated 

as an element that promotes the welfare of life and 
improves the ecological conditions of urban settlements 
lies firstly in recognizing the endemic nature of the 
waste to be handled. 

Secondly, ensuring effective waste collection 
coverage leads to the reduction of air, noise and soil 
pollution.  
 Thirdly, social approaches such as knowledge 
transfer have shown to be effective in encouraging 
sustainable household habits, which help improve 
recycling and the reduction of gas emission in landfills 
and waste dump sites. Lastly, creating enduring 
partnerships of collaboration between parties contributes 
to continuity in waste management practices and avoids 
palliative improvements. This leads to sustainability in 
the system humankind has established for living and the 
preservation of the environment in which it exists. 
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Abstract : The paper presents the results of a very thorough and prolonged activity. Even if results are succinctly 
presented, by graphics and diagrams, the volume of data behind them is a huge one, detailed in the paper’s 
informations. In the first stage, starting from a very detailed body plan, the 3D model of the hull was conceived in 
CAD/CAE - Solidworks. The level of complexity of the model is a very high one, but this one was limited as well by 
the processing capacity of the calculus system used. In the second stage, the propeller’s maximum force was 
determined when going astern, by a hydrodynamic analysis and then this force was applied as a percentage on the 
ship in seven different studies, using loads of 100%, 95%, 90%, 85%, 80%, 60% and 40%. In order to perform these 
studies the CAE ANSYS12.1 was used. In the end of these studies an interesting conclusion is reached from the 
scientific point of view finalized by a very useful recommendation for masters. 
 
Key words: response, ship, refloating, model, propeller, force. 
 
1. INTRODUCTION 
 

During maritime transport it happens many times 
for ships to go aground. There are various causes for this 
combining usually human error with unfavourable 
meteorological conditions. In most cases, crews try and 
usually succeed to refloat the ship by her own means. 
The procedure is a relatively simple one consisting of 
moving weights from bow to stern if possible and 
putting the main engine astern in different rudder angles. 

In this paper the results of analysis performed by 
the finite element method are presented when applied 
through the specialized software. 

In order to determine the structural response of the 
hull’s construction elements, first a study may be 
developed in order to create the refloating process 
conditions, using the hull’s model on which pressures 

and structural loads generated by the respective situation 
are applied [1], [2]. 

 
2. METHODS AND RESEARCHES 
 

The model adopted for performing this study is that 
of an oil tanker [3] with the following characteristics: 

 Maximum length-333 m; 
 Length between perpendiculars-320 m; 
 Maximum width-60 m; 
 Displacemnt-364018.9 metric tones; 
 Draught when fully loaded-22,522 m’ 
 Height of the free board when fully loaded-4.65 

m (Figure1). 
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Figure 1  VLCC Ship, chosen for developing the 
geometrical model [4] 

 
The execution of the hull had as a basis the ship’s 

body plan [3], modelling first the plating and bridge 
parts after which rigidity element were added (Figure 2). 

 

 
 

Figure 2  The basic Body plan for the mathematical 
model [2] 

 
In order to simplify the modelling process, limited 

first of all by the available calculus power, from the 231 
couplers, 40 theoretical couplers were used, and rigidity 
elements of the structure were also simplified. The 
model was executed with the CAD SolidWorks 2010 
software (Figure 3, a, b, c, d, e). 

 

 
 

Figure 3  Execution stages for the three dimensional 
model. 3a. Stern section [2] 

 
Figure 3  Execution stages for the three dimensional 

model. 3b. Cylindrical section [2] 
 

 
 

Figure 3  Execution stages for the three dimensional 
model.  

3c. Forecastle section [2] 
 

 
Figure 3  Execution stages for the three dimensional 

model.  
3d. Bow section [2] 

 
Figure 3  Execution stages for the three dimensional 

model. 
3e. The ship’s hull [2] 

 
It was considered that the plating parts have a width 

between 10 and 13 mm, made of steel type AISI 1080, 
normalized at 900°C and cooled under air. 
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2.1 Determination of loads applied to the model: 
In order to establish the loads to be applied on the 

model, this is subjected first to a study CFD performed 
through CAD / CAE Ansys 12.1 – CFX. 

In order to get as high an accuracy as possible, it 
was used the model on a 1:1 scale, applying a refinement 
of the digitized structure from the limit layer area (Van 
1998). The model used for this study is the one 
developed for the structural analysis [2]. 

The simulation parameters were established, 
considering that during the refloating procedures the ship 
has not the maximum draught, setting therefore a 7m 
draught both at the bow and stern. Also, for the 
functioning conditions of the propelling installation 
when going astern, a maximum speed of 5 knots was 
considered, corresponding to the speed of 2.6 m/s. The 
calculus field is limited to 50m from the stern area and 
four time the maximum length, on the Oz axis, 
respectively four time the maximum width and height of 
the model on Ox and Oy axes (Figure 4). 

 

 
 
Figure 4  Determination of the calculus domain [2] 

 
Following the digitization process 393208 knots 

and 1478147 elements resulted for the whole digitization 
structure of the model (Figure 5). 

 

 
 

Figure 5  Digitized structure of the model and work 
domain [2] 

 
In the next figures variations of the values of forces 

are graphically represented as well as pressures and 
speed at the flow around the immerse hull (Figure 
6a,b,c,d). 

 
 

Figure 6a. Pressures’ variation in the floating plan 
 

 
 

Figure 6b. Speeds’ variation in the floating plan 
 

 
 

Figure 6c. Pressure’s variation around the 
ship’s hull 

 

 
 

Figure 6d. Speed magnitude variation around 
the hull 
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2.2 Results of the water flow study: 
Following the study of the results, the conclusion is 

that in order to analyse the structure it should be kept in 
view a towing force of 219.86 kN, corresponding to an 
approximate load of 12% of the nominal power of the 
main engine when making headway (Figure 6a, b). 

 

 
 

Figure 6  Results of the water flow study 
6a. Force variation on Oz direction (floatability) 

 

 
 

Figure 6  Results of the water flow study. 
6b. Force variation on Oy direction (resistance 

when making headway) 
 

This resultant force when going astern in the case 
of the free body ship, calm water case, is the force which 
needs to be added to the friction force resulted from the 
contact between the bottom bow – ground (light 
grounding), in order to determine the total towing force 
at the maximum speed of 5 knots, corresponding to an 
intermediary transitory stage of the displacement 
operations when refloating the ship (in the initial phase 
t=0 of the refloating operations the ship’s speed is zero). 

 
2.3 Structural analysis of the hull’s response in the 
situation of refloating the ship by her own means: 

It is well known the fact that in order to re-establish 
the manoeuvring capacity of the ship if she goes 
aground, there are two possible alternatives: 

1. Refloating the ship by using the propulsion 
system onboard; 

2. Refloating the ship by using tug boats – push 
boats. 

In the first situation, when trying to refloat the ship 
by her own means, the purpose of such a structural 
analysis is to determine the ship’s hull response to 

arising pressures and to establish the convenient 
maximum regarding the hull’s pressures and the 
pushing/towing force of the main engine. The purpose is 
for this determination to be expressed also as a 
percentage of the available power of the main engine. 

In order to reach such a desire, a structural static 
analysis is considered to be appropriate, considering the 
fact that registered peaks do not vary according to the 
simulation time. 3D-FEM (Ansys) model is developed 
for the supplementary pressures’ analysis in the VLCC 
tanker’s structure, in the initial grounding phase 
(displacement from the grounding location, zero speed of 
the ship) with the ship’s own propulsion, in the case 
without water hole (light grounding), for the case of 
loading when damaged (7m draught). 

The model presented in figure 3 was simplified, on 
one hand establishing a symmetry plan, defined by the 
ship’s longitudinal plan, and on the other hand, the 
model includes the main platting for the ship’s hull, with 
a very simplified idealization of the frame elements, 
without pressures from her own weight and hydrostatic 
push, considering as a reference the case of equilibrium 
ship – fluid – ground in the light grounding stage. 
Practically the extreme case is considered when in the 
initial phase of displacement, the friction force is very 
high (modelled through constraint), including 7 values in 
the study for the longitudinal towing force (generated by 
the ship’s own propulsion system) starting with 100% of 
the pushing force and continuing with 95%, 90%, 85%, 
80%, 60% and 40% of the pushing force. 

In figure 7 the geometrical model used for the 
simulation is presented and in figure 8 is the geometrical 
model after applying the symmetry plan. 

 

 
 

Figure 7  The complete geometrical model used for 
simulation 

 

 
Figure 8  The geometrical model after applying the 

symmetry plan 
 

The geometrical model was introduced in the 
sequence software CAD / CAE Ansys Workbench 12.1. 
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In the next stage, the defining manner of constraints and 
loading models was established (Figure 9). 
 

 
 

Figure 9  Edge conditions and FEM structural model 
loadings 

a – constraint in the contact area with the bottom 
 

 
 

Figure 9 Edge conditions and FEM structural model 
loadings 

b – towing force 
 

As previously mentioned, the model will be 
considered as constrained in the contact area with the 
ground, on the surface of 32 m2 (figure 9), and 
afterwards it will be applied at the pushing bearing level 
with a force uniformly distributed on its surface on Oz 
direction. 

For all considered situations, the maximum values 
for the Equivalent Tensions Von Misses are established 
in the limited interval by the couplers 4-5 (figure 10). 

 

 
 

Figure 10 Bow section, limited by the theoretical couples 
4 and 5 

 
In Figure 10 local variations of the Von Misses 

tensions are presented for the analyzed model. 
 

 
Figure 11  Von Misses tensions for the maximum 

loading case 

 

 
Figure 12  Von Misses tensions for 40% of the  

maximum towing force 
 
In the Figures 11 and 12 variation of equivalent 

tensions von Misses for the different  loading cases are 
presented. It is noticed the fact that in the joining area of 
plates right near the constraint area, tension enhancers 
are registered generating peaks of the determined values. 
Analyzing the maximum values of tensions equivalent 
and comparing them with the established value for the 
limit flow of the material used (55x107 N/m2), it is 
noticed the fact that for neither of the analyzed cases 
does not exist the danger of reaching some characteristic 
values for the plastic deformation field. 

Further on, the study of specific deformations 
proceeds on the development direction of the towing 
force in order to determine the areas in which they reach 
maximum values (Figure13, a,b). 

 

 
 

Figure 13  Movements on Oz axis for the simulated 
situations 

a.  Movement on Oz axis for maximum 
towing force 

 
 

Figure 13  Movements on Oz axis for the simulated 
situations 

b. Movement on Oz axis for 40% of the maximum 
towing force 

 
As expected, the maximum deformation area along 

the Oz axis is the joining area between rigidity elements 
at the stern and the pushing bearing. This leads to an 
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interest for facts related to elastic deformations 
developed on the pushing bearing level (Figure 14,a,b). 

 

 
Figure 14  Elastic deformations resulted for the 

analyzed situations 
a. elastic deformations for the maximum 

value of the towing force 
 

 
 

Figure 14  Elastic deformations resulted for the 
analyzed situations 

b. elastic deformations for 80% of the maximum 
value of the towing force 

 

Given that the maximum and minimum values are 
registered in the same areas and distribution of elastic 
deformations is similar for all cases, in figure 6 only the 
cases in which amplitudes have the highest values were 
presented.  

 

 
a. Elastic deformations resulted for the 

maximum value of the towing force 
 

 
b. Elastic deformations resulted for 85% of 

the maximum value of the towing force 
 

Figure 15 Elastic deformations resulting in the 
constraint area 

This distribution of elastic deformations become of 
interest also in the joining area of the plates right near 
the constraint area (Figure 15a,b). 

 
3.  CONCLUSIONS 
 

Considering the registered values for the observed 
dimensions, it can be noticed that the structure’s answer 
during a possible refloating manoeuvre is favourable, 
without the existence in normal conditions of the 
suspicion of touching the rupture limits for the 
plates’material and rigidity elements. 

At the same level, relatively high values of 
movements being observed, which in the maximum 
towing forces area reach peaks of over 10mm, in order to 
overcharge the joints of the structural elements, the 
avoidance of applying forces with amplitudes higher 
than 175.88 kN may be considered. 

For this value of the towing force, considering the 
existent main engine onboard the ship taken as a model 
(MAN B&W 7S80ME-C) and considering the next 
estimated values of capacity of the component elements 
of the propulsion system: 
- propulsion capacity: 50%; 
- axes line capacity: 98%; 
- mechanic capacity of the main engine: 80%. 

It results in the next values for established powers 
on the level of every element in the propulsion system: 
- towing power: 1356.03 kW; 
- propeller power: 2643.34 kW; 
- indicated power of the main engine: 2996.68 kW. 
 

Knowing the effective power of the main engine, 
respectively 31570 kW [3], [5] and reporting to the 
determined power for the studied situation, it results in a 
charging of the main engine of 9.5% of its nominal 
power. 
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amount of sludge was used as fertiliser in agriculture, by 
contrast, around two thirds of sewage sludge was 
composted in Lithuania and Finland, rising to 86.6 % of 
the total in Estonia. While the Netherlands, Belgium, 
Germany, Slovenia and Austria (as well as Switzerland) 

reported incineration as their principal form of treatment 
for disposal, discharge into controlled landfills was 
practised as the principal type of treatment in Malta 
(where it was the sole form of treatment), Romania and 
Italy, as well as Bosnia and Herzegovina. 

 

 
*Source: Eurostat 

Figure 1  Sludge disposal in Europe 
 

Table 1 shows the total amount of sludge generated 
by Romanian wastewater treatment sector over the past 
few years (2007-2014), with the main routes of disposal 
that were applied. As we can see, in our country, the 
main practice when it comes to sludge disposal is land 
filling (90 to 95%), while the rest is disposed in 
agricultural fields as soil conditioner/fertiliser (5 to 10%) 

or other recycling. As Romania was getting more and 
more connected to the European framework, by 
developing new WWTP, implementing new wastewater 
treatment practices and modernising the existing ones, 
2013 and 2014 brought a significant increase in the total 
amount of sludge generated by this sector. 

 

Table 1. Sludge amounts generated in Romania. 2007 – 2014 
 

Types of sludge 
treatment 

Exp.  Measu
re 

units 

Years 

Year 
2007 

Year 
2008 

Year 
2009 

Year 
2010 

Year 
2011 

Year 
2012 

Year 
2013 

Year 
2014 

Total sludge 
production 

DS Thou 
tonnes
/ year 

99,5
5 

79,21 120,47 82,0
6 

114,1 65,8 172,6 192,33

Sludge 
disposal 

DS Thou 
tonnes
/ year 

43,9
3 

39,6 44,74 36,5
8 

36,64 37 172,39 192,33

Agriculture 
use 

DS Thou 
tonnes
/ year 

0,74 0,49 0,11 1,93 1,84 2,24 8,01 13,05

Compost DS Thou 
tonnes
/ year 

2,73 1,96 15,82 1,33 0,17 1,31 0,28 0,2

Landfill DS Thou 
tonnes
/ year 

44,4
3 

35,97 58,09 40,5 73,95 42,98 117,65 145,14

Incineration DS Thou 
tonnes
/ year 

: : : : 0,02 0,43 : 1,24
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Other 
proceeding 

DS Thou 
tonnes
/ year 

7,73 1,2 1,71 1,71 1,48 1,41 46,45 32,7

*Romanian National Insitute of Statistics 
 

When it comes to the conditions for sludge disposal 
(sanitary landfill), these are regulated by the Government 
Decision no. 349/2005 on waste disposal. Considering 
the present strict regulations and the limited number of 
the potentially suitable disposal sites only regional 
sludge deposits can be considered. It is also 
desired/required that below the deposit a water tight 
layer should be established to prevent infiltration into the 
ground water. Selection of the feasible site has to fulfil 
other criteria as well. Among these the most important 
ones are the safety distance from various establishments 
such as residential areas, public roads, river dikes, etc. 
Another point is that the land should not be of high value 
from an agricultural point of view and the future 
development plan is not to be intercepted by the 
establishment of the sludge deposit. Finally, economic 
points have to be considered as well. Among these the 
distance of transportation should be minimized, but 
occasionally the presence of natural depressions, or pits 
of former mines are taken into account. Usually, upon 
finishing disposal operations shrubs and forest are 
planted on the top of the area, a practice that is very 
rarely taken into account in our country.  

Agricultural use of raw sludge or other composting 
practices is encouraged by national authorities as the best 
way for recycling, while landfilling is considered the 
worst. Directive 86/278/EEC on Sewage Sludge in 
Agriculture requires, however, that no-one may permit 
the use of sewage sludge on agricultural land unless 
specific requirements are fulfilled. This aims at avoiding 
the accumulation of toxic substances, especially heavy 
metals that might reach excessive levels in the soil after 
a number of applications. In Romania, the 344/2005 
Order states the technical norms for environmental 
protection and especially soil, when using sludge from 
wastewater treatment plants in agriculture. 

A great care should always be taken when applying 
sewage sludge to land in order to prevent any form of 
possible environmental impact. The sludge must not 
contain any non-degradable materials, such as plastics, 
or others. The sludge transport by tanker from sewage 
treatment plant to agricultural land can create traffic 
problems and give rise to noise and odour nuisance. The 
transport vehicles should be carefully selected for their 
local suitability and routes chosen so as to minimize 
inconvenience and any risks. The risk associated with 
sludge usage in agriculture are related to the 
accumulation of HM, pathogens, organic pollutants in 
soil, GHG emissions, (e.g. CH4 and N2O), leakage of 
sludge from the transporting tanker, sludge dehydration 
costs overcomes the benefits, the sludge is not carefully 
spread in the area rising the possible human health risk 

of contracting parasites, bacteria or viruses due 
inhalation or contact. 
 
3. FUTURE SCENARIOS 
 

As the agricultural use of sludge, by direct 
application, as well as landfilling of sludge are subject to 
more and more regulatory control, there is a constant 
requirement from WWTP operators for tailored sludge 
treatment systems. There are many ongoing research 
projects that aim at the development of new and 
innovative solutions for the best sludge management 
techniques. Some of the scenarios are discussed below. 

In Romania, a fifth of agricultural land is suitable 
for sludge application, the criteria being a gradient of 
less than 10% and alkaline soil. However, crops must be 
compatible with sludge disposal and land must be close 
enough to a wastewater treatment facility for cost-
effective transport. In parts of the country concentrations 
of heavy metals in the sludge are too great to allow 
agricultural use, therefore there is the need to implement 
other treatment options for the generated sludge.  

The National Wastewater Sludge Management Plan 
mapped out alternatives for agricultural use of sludge, 
identifying cement kilns capable of using dried sludge as 
a fuel, plus other sites where waste to energy sludge 
incinerators could be built. Using anaerobic digestion or 
thermal treatment technologies to produce combustible 
biogas are also some of the most attractive options. 
More and more research activities are directed to the 
utilization of waste sludge as a renewable resource for 
energy recovery. This should be the most appropriate 
way to manage the continuously increasing waste sludge 
generation effectively in order to meet the very stringent 
environmental quality standards. At the same time this 
will be a good example of how to sustain the supply of 
reliable and affordable energy for our future generations 
and ourselves.  

The valuable characteristics of sludge, including 
high energy and nutrient content, is driving the scientific 
community to change their point of view and consider 
sludge as a viable resource of energy instead of a waste.  
It may be an important move towards the development 
of a sustainable sludge management solution but also an 
energy generation solution to fulfil the present and future 
energy requirements and thus reduce the dependency on 
non-renewable resource. 

For this reason, incineration of sludge for energy 
recovery purposes is expected to increase, even though it 
can be a capital intensive investment and it is also 
subject to strict regulation pertaining to combustion 
criteria, management of the emission gasses and so on. 
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Figure 2  Sludge to energy – an alternative to the usual 
disposal routes 

 
The road from being a waste product to one that can 

produce both useful material and energy requires the 
sludge to be submitted to a thermal process with the 
following special features: there should be a 
considerable reduction in the sewage sludge volume (by 
thickening, dewatering, drying) and also, the alternative 
fuel that is generated to have a calorific value 
comparable to that of a traditional fuel.  

As we mentioned above, one of the options 
considered for future implementation is incineration of 
sewage sludge in cement factories, an option that is 
gaining more and more interest worldwide. In addition to 
the fact that municipalities can solve the problem of how 
to dispose of dewatered or dried sewage sludge, cement 
factories offer the perfect facility for the required sewage 
sludge treatment. The dried sludge can be used as fuel 
and, depending on its content, it can replace a significant 
part of costly fossil fuels, such as coal. After being dried 
to >90% dry solids, sewage sludge normally shows 
calorific values of 10 to 12 MJ/kg.  

The benefit of combining a sewage sludge drying 
installation with the cement production process in a 
factory is the perfect environment for the sewage sludge 
drying line. Cement processes normally generate a lot of 
waste heat that can be used as a heat source for the 
demanding sewage sludge drying line. For this reason, 
the sewage sludge drying installation will not require 
external heating sources, minimizing in this manner, the 
costs for the thermal energy, which is the largest share of 
the overall operating costs for the drying lines for 
wastewater sludge. An essential requirement for treating 
sewage sludge in a cement factory facility is the 
flexibility of the sewage sludge drying system that 
should be valid for different kinds of sewage sludge.  

Normally, cement factories take sludge from 
various stations, where the sludge may also be submitted 
to different forms of pre-treatment, so the sludge 
consistency at the intake of a cement factory will vary 

much more than the sludge from a single wastewater 
treatment plant. But in any way, the sludge that will be 
received by a cement factory will normally be dewatered 
(decanter, centrifuge, belt filter press). After the 
dewatering process, the sludge typically has a dry solids 
content of approximately 18-25%, and sometimes up to 
35% if stabilization has been applied. [3] 

There are many other solutions (in various stages of 
testing/implementation) for processing the sludge and 
turn it into fuel, such as carbonization system to recycle 
sewage sludge for electric power generation fuel, 
pelletizing and incinerating it in special designed thermal 
boilers, but there is still a long way with a lot of work to 
do, for the Romanian operators to be able to implement 
these type of solutions. For this, it is of great importance 
the support from the local authorities, regarding the 
funding of this type of projects, from research activities 
conducted in this field, to testing demonstrators and pilot 
installations. 
 
4. CONCLUSIONS 
 

Traditionally landfilling and agricultural use are 
two of the most popular techniques used in present days 
for the management of the sludge in Romania. However, 
the industry is evolving and a number of developments 
that extract more energy from sludge are either being 
implemented or are nearing the full scale demonstration. 
Taking into account this fact a number of alternatives to 
the landfilling option are either already implemented or 
ongoing in other countries, there is a great the need to 
bring this innovative solutions to our system as well, 
working to tailor them for the current Romanian 
situation. It will require a great amount of work and 
cooperation from wastewater companies as well as 
public authorities, to share information and expertise so 
that existing success solutions can be reproduced and 
adapted country-wide. With less than 10% of sludge 
going to agriculture in the past years, the collective goal 
is to dispose of 50% in this way by 2019. Entering the 
next decade, it is hoped that waste to energy plants will 
be up and running, usefully diverting the other half from 
landfill.  
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