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PREFACE 
This textbook is the joint production of the partners of the BLUE4SEAS project which aims to 
build a strategic partnership between five maritime academic institutions “to bridge” the 
Baltic, Black, and Mediterranean Seas, to place a “brick” in the foundation of European 
universities in order to obtain competitive advantages through the exchange of good practices 
and the exchange of knowledge within the network in improving teaching skills and learning 
methods through simulation, providing a solid ground for excellence in teaching and skills 
development processes.  
 
Maritime officers are educated and trained in naval academies and maritime universities and 
the specific curricula have also to comply with Bologna higher education requirements and 
their related quality standards. The differences between national education maritime systems 
can lead to problems with the recognition of educational qualifications from other countries 
and of periods of study taken abroad. Into the maritime European space BLUE4SEAS will lead 
to an increase in the competitiveness of maritime higher education institutions (MHEI) 
providers supporting the implementation of the Bologna principles, implicitly by giving and 
recognizing ECTS credits and developing a successful EEA. 
 
The protection of environment has now become a topical issue and IMO initiatives provides 
ample opportunities and catalysts for MET institutions to review their provisions while at the  
same time incorporating changes in STCW requirements. The risks of an incident likely to 
cause massive pollution by oil or other hazardous substances continues to be high and 
organized, equipped, well-trained and competent human resources able to cooperate with all 
stakeholders is necessary. Regional cooperation and mutual assistance are indispensable 
when dealing with a major marine pollution accident.  
 
BLUE4SEAS will facilitate the use of the digital technologies and of innovative and open 
pedagogies in MHEI through virtual online training platform (VOTP) on the environmentally 
friendly maritime shipping industry as an open source. The innovative educational resources 
and training facilities developed could be shared as a pilot module to other interested MHEI. 
The intensive training courses are multidisciplinary, recognized by all HEI involved in this 
project, facilitating exchange of students through ERASMUS + programs and flatting the skills 
gaps and mismatches in maritime education and training system, based on networking with a 
high potential not only in education but also in research.  
 
These courses will use new innovative tools for teaching, research and innovation to prepare 
future maritime graduates to deal successfully in increasingly demanding international labour 
markets. Models and scenarios simulated in teaching activities are based on real-world 
applications. Courses are based on ICT being designed to be modular; the assessment will be 
both online and face to face; based on the collaborative practices of all partner universities 
involved in the project.  
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The intellectual results are materialized by developing and harmonizing course materials for 
the common curriculum identified and designed in accordance with the requirements of IMO 
and STCW correlated with the standards for higher education.   
 
The following courses harmonized in curriculum and respective teaching/learning materials 
were devised:  

- "Marine environment protection" - total: 42 hours/semester (course - 28 hours + 
laboratory - 14 hours) - 4 ECTS  

- "Applied chemistry to prevent marine pollution" - total: 56 hours/semester (course - 
28 hours + laboratory - 28 hours) - 5 ECTS  

- "Marine environment issues in port operations" - total: 28 hours/semester (course - 
14 hours) + laboratory - 14 hours) - 2 ECTS  

-  "Transport and operation of dangerous goods" - total: 42 hours/semester (course - 
28 hours + laboratory - 14 hours) - 4 ECTS  

 
 
 
PROJECT TEAM 
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CHAPTER I       
 

MARINE ENVIRONMENT PROTECTION 
 
1. Marine Pollution and Environment Protection Awareness  
1.1. Introduction 
In 1973, IMO adopted the International Convention for the Prevention of Pollution from Ships, 
now known universally as MARPOL, which has been amended by Protocols adopted in 1978 
and 1997 and kept updated through other relevant amendments. The MARPOL Convention 
addresses pollution from ships by oil; by noxious liquid substances carried in bulk. MARPOL 
has greatly contributed to a significant decrease in pollution from international shipping and 
applies to 99% of the world’s merchant tonnage. Other treaties address anti-fouling systems 
used on ships, the transfer of invasive aquatic species by ships’ ballast water and the 
environmentally sound recycling of ships. 
The significant reductions of pollution generated by ships have been achieved by addressing 
technical, operational, and human element issues and those reductions are all the more 
noteworthy when account is taken of the simultaneous and equally significant growth in the 
world’s shipping industry – both in the size of the world fleet and the distances that it travels. 
Nevertheless, IMO is continuously pursuing a proactive approach to enhance implementation 
and enforcement of its global standards, by flag, port and costal States, including a proactive 
action plan to ensure that shore-based reception facilities for ship-generated wastes keep up 
with international regulatory requirements. Key to this is the building of capacity in Member 
States – through institutional and human resource development – to improve their ability to 
comply with and enforce these requirements.  
Annex II of MARPOL provides rules for the prevention of pollution caused by noxious liquid 
substances carried in bulk. Its requirements, supplemented by those of the International Code 
for the Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk (the IBC 
Code), ensure that chemical tankers nowadays conform with most stringent standards of 
construction, including the protection of cargo tanks. Highly restrictive limits for operational 
discharges of tank washings, in force since January 2007, have also helped greatly in the 
protection of the marine environment from the release of chemical cargoes. 
The operational and construction regulations introduced by MARPOL, which entered into 
force in 1983, have been a success, with statistics from reputable industry and independent 
bodies showing that these regulations, along with other safety-related regulations such as the 
introduction of mandatory traffic separation schemes and international standards for seafarer 
training, have been instrumental in the continuous decline of accidental oil pollution that has 
taken place over the last 30 years. The MARPOL convention, in 1983, introduced a number of 
radical new concepts, such as a requirement for new oil tankers to be fitted with segregated 
ballast tanks, so as to obviate the need to carry ballast water in cargo tanks. This was 
superseded by the requirement for oil tankers delivered from 1996 onwards to be fitted with 
a double hull. The protection of the marine environment was thus greatly enhanced. 
As far as operational oil pollution is concerned, the many innovations introduced by MARPOL 
on allowable discharges of bilge water through the oily water separator (with the well known 
15ppm standard), or oily waters from the cargo tanks, through the oil discharge and 
monitoring system, have contributed greatly to a noticeable decrease in the pollution of the 
world’s seas, though it is fair to recognise that a greater effort to impose compliance must be 
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carried out. According to shipping market analysts, world seaborne trade increased by around 
135 per cent between 1985 and 2006. Oil and petroleum products accounted for a significant 
part of this increase, rising by a similar percentage. In sharp contrast, estimates of the quantity 
of oil spilled in to the sea during the same period show a steady reduction by some 85 per 
cent. In the current decade, the average number of oil spills over 700 tonnes has shrunk from 
over 25 per year in the 1970s to just 3.7. One major oil company has estimated that the tankers 
it owns, or uses under long-term charter, spill less than one teaspoon of oil for every million 
gallons transported; while tanker owners take pride in statistics that show that 99.9996 per 
cent of all oil transported by sea is delivered safely and without impact on the marine 
environment. 
Notwithstanding the improvements in the area of pollution prevention, pollution incidents 
will inevitably still occur. To address the preparedness aspects and the response to incidents 
of oil and chemical pollution or ‘hazardous and noxious substances (HNS)’, IMO’s International 
Convention on Oil Pollution Preparedness, Response and Cooperation, 1990 (OPRC 1990) and 
its Protocol on Preparedness, Response and Co-operation to Pollution Incidents by Hazardous 
and Noxious Substances, 2000 (OPRC-HNS Protocol 2000) together provide the foundation for 
ensuring an adequate level of response capacity and a mechanism for international 
cooperation and mutual assistance. OPRC 1990 recognizes that successful preparedness and 
response relies on good co-operation between government and industry. There are numerous 
examples of how this co-operation has served to strengthen the collective capacity for oil spill 
response around the world. 
Over the years, the IMO has put in place a comprehensive set of regulations covering liability 
and compensation for damage caused by oil transported by ship, through which the shipping 
industry (in conjunction with oil importers) provides automatic cover of up to US$1 billion for 
any single incident, regardless of fault. This tiered system of compensation includes the 
International Convention on Civil Liability for Oil Pollution Damage (CLC) and the International 
Oil Pollution Compensation (IOPC) Funds, which collectively provide more coverage than ever 
before to those affected by oil spills. The International Convention on Civil Liability for Bunker 
Oil Pollution Damage entered into force in November 2007, extending the liability and 
compensation regimes to damage caused by spills of oil when carried as fuel in ships’ bunkers. 
The International Convention on Liability and Compensation for Damage in connection with 
the Carriage of Hazardous and Noxious Substances by Sea, 1996, once in force, will serve to 
complete this framework by establishing a regime to provide compensation for spills involving 
hazardous and noxious substances. A Protocol aimed at bringing the HNS Convention into 
force was adopted in 2010. 
When ships reach the end of their working lives, recycling is the most environmentally friendly 
way to dispose of them. Many of the components and virtually all of the steel are re-used in 
the countries where the ships are recycled, into new ships, in agriculture, in hospitals, at 
homes, and in other products. However, there are concerns about environmental and working 
conditions in ship recycling yards. In May 2009, IMO adopted the Hong Kong International 
Convention for the Safe and Environmentally Sound Recycling of Ships, 2009 (the Hong Kong 
Convention). The new Convention balances safety and environmental concerns with the 
commercial realities of seaborne trade and the ship recycling industry.  
Although air pollution from ships does not have the direct cause and effect associated with, 
for example, an oil spill incident, it causes a cumulative effect that contributes to the overall 
air quality problems leading to poor respiratory health encountered by populations in many 
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areas, and also affects the natural environment, such as through acid rain. MARPOL Annex VI, 
first adopted in 1997, limits the main air pollutants contained in ships exhaust gas, including 
sulphur oxides (SOX) and nitrous oxides (NOX), and prohibits deliberate emissions of ozone 
depleting substances. MARPOL Annex VI also regulates shipboard incineration, and the 
emissions of volatile organic compounds from tankers. In October 2008, IMO adopted the 
Revised MARPOL Annex VI and the NOX Technical Code 2008, which entered into force on 1 
July 2010. The main changes are a progressive reduction in emissions of SOX, NOX and 
particulate matter and the extension of designated emission control areas (ECAs) for more 
stringent control of the emission of SOX to NOX and particulate matter (PM) as well.  
Under MARPOL Annex VI, the global sulphur cap for fuel oil used on-board ships is reduced 
initially to 3.50%m/m (from the current 4.50%), effective from 1 January 2012; then 
progressively to 0.50%, effective from 1 January 2020, subject to a feasibility review to be 
completed no later than 2018. The sulphur limits for fuel oil applicable in ECAs for SOX and 
particulate matter are 1.00%, and further reduced to 0.10%, effective from 1 January 2015. 
Progressive reductions in NOX emissions from marine diesel engines are also included, with 
more stringent controls being a “Tier II” emission limit required for those marine diesel 
engines installed on or after 1 January 2011; then with the most stringent controls being “Tier 
III” emission limit for marine diesel engines installed on or after 1 January 2016, that are used 
on ships operating in ECAs designated for controlling NOX. Marine diesel engines installed on 
or after 1 January 1990 but prior to 1 January 2000 are also required to comply with “Tier I” 
emission limits, if an approved method for that engine has been certified by an Administration. 
IMO recognizes the increasing importance and urgency to control greenhouse gas (GHG) 
emissions worldwide and is determined to be in the frontline of the global campaign to tackle 
this defining challenge of our age. According to the Second IMO GHG Study 2009, the most 
comprehensive and authoritative assessment of the level of GHG emitted by ships, as well as 
the potential for reduction, international shipping was estimated to have emitted 870 million 
tonnes, or about 2.7% of the global emissions of carbon dioxide (CO2) in 2007. Exhaust gases 
are the primary source of emissions from ships. Carbon dioxide is the most important GHG 
emitted by ships, both in terms of quantity and of global warming potential, other GHG 
emissions from ships are less important. 
Mid-range emissions scenarios showed that, by the year 2050, in the absence of regulations, 
ship emissions could grow by a factor of 2 to 3 (compared to the emissions in 2007) as a result 
of the expected growth in world trade. The 2009 GHG Study identifies a significant potential 
for reduction of GHG emissions through technical and operational measures to improve the 
energy efficiency of ships. Together, if implemented, these measures could increase efficiency 
and reduce the emissions rate by 25% to 75% below the current levels. Many of these 
measures appear to be cost-effective. 
In July 2011, IMO adopted a new chapter to MARPOL Annex VI that includes a package of 
mandatory technical and operational measures to reduce GHG emissions from international 
shipping, with the aim of improving the energy efficiency for new ships through improved 
design and propulsion technologies and for all ships, both new and existing, primarily through 
improved operational practices. This is a significant achievement for IMO as for the first time 
in history it establishes a global mandatory GHG emission reduction regime for an entire 
economic sector and is the first legally binding climate deal with global coverage since the 
Kyoto Protocol. The EEDI is a non-prescriptive, performance-based mechanism that leaves the 
choice of technologies to be used in a specific ship design to the industry. As long as the 
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required energy-efficiency level is attained, ship designers and builders are free to use the 
most cost-efficient solutions for the ship to comply with the regulations. 
In the past few decades, the enforcement of when and where to dispose of all types of wastes 
produced on a ship’s voyage has become better regulated through MARPOL Annex V 
(Regulations for the Prevention of Pollution by Garbage from Ships). The requirements are 
much stricter in a number of “Special Areas” but perhaps the most important feature of the 
Annex is the complete ban imposed on the dumping into the sea of all forms of plastic. 
However, although Annex V obliges Governments to ensure the provision of facilities at all 
ports and terminals for the reception of garbage, more work needs to be done to ensure the 
availability of adequate reception facilities in every port. IMO instigated an “Action Plan on 
tackling the inadequacy of port reception facilities”, which was completed after three years’ 
work in 2010. IMO also embarked on a complete revision of Annex V and of the associated 
guidelines for its implementation, to take into account new technological developments.  
In order to keep ships’ hulls clear of marine growth to ensure maximum performance and to 
prevent the spread of harmful aquatic organisms and pathogens, the industry uses anti-fouling 
systems to minimize the build-up of marine life on hulls surface. In the past, many of the 
coatings used in such systems were themselves harmful to the marine environment and more 
benign coatings needed to be developed to replace them. Recognizing the importance of 
protection of the marine environment and human health from adverse effects of anti-fouling 
systems the IMO adopted the International Convention on the Control of Harmful Anti-fouling 
Systems on Ships, which entered into force in September 2008. The Convention prohibits the 
use of harmful organotin in antifouling marine paints and establishes a mechanism to prevent 
the potential future use of other harmful substances in anti-fouling systems. 52 Member 
States have ratified the instrument to date and the number of Parties continues to rise. 
Ballast water is absolutely essential to the safe and efficient operation of modern shipping, 
providing balance and stability to unladen ships. However, it may also pose a serious 
ecological, economic and health threat due to the transfer of harmful organisms and 
pathogens in ships’ ballast water tanks. When all factors are favourable, the transferred 
species may survive to establish a reproductive population in the host environment and may 
even become invasive out-competing native species and multiplying into pest proportions. 
The development of larger and faster ships completing their voyages in ever shorter times, 
combined with rapidly increasing international trade, meant that the natural barriers to the 
dispersal of species across the oceans were being reduced. The global economic impacts of 
invasive aquatic species have not been thoroughly quantified but are likely to be in the region 
of tens of billions of US dollars per year or more. Human health impacts can also be caused by 
the transfer and spread of pathogens and toxic organisms such as harmful algae in ships’ 
ballast water. 
The “Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other 
Matter 1972” (the “London Convention”) was one of the first global conventions to protect 
the marine environment from human activities and has been in force since 1975. Its objective 
is to promote the effective control of all sources of marine pollution and to take all practicable 
steps to prevent pollution of the sea by dumping of wastes.  
In 2010 the Parties to the London Convention and Protocol adopted resolution LC-LP.2(2010) 
on the “Assessment Framework for Scientific Research Involving Ocean Fertilization”, which 
had been developed since May 2007 and as required under resolution LC-LP.1(2008). This 
Assessment Framework guides Parties as to how proposals they receive for ocean fertilization 
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research should be assessed and provides criteria for an initial assessment of such proposals 
and detailed steps for completion of an environmental assessment, including risk 
management and monitoring. 
While always advocating a global approach, the IMO nevertheless recognises that some areas 
need additional protection, and the MARPOL Convention defines certain sea areas as Special 
Areas” in which the adoption of enhanced special mandatory measures for the prevention of 
pollution is required. Outside the MARPOL regulations, the IMO Assembly has adopted 
Guidelines for the designation of Particularly Sensitive Sea Areas (PSSAs), which are deemed 
to require a higher degree of protection because of their particular significance for ecological, 
socioeconomic or scientific reasons, and because they may be vulnerable to damage by 
international maritime activities.   
There are also some other important sea basins which are not designated as PSSA but 
requiring close attention. For example, in the last four decades, the Black Sea has suffered 
important changes induced by human activities. 162 million people live in the catchment area 
of the Black Sea and impose extraordinary demands on its resources. Waste from towns and 
cities, farms and factories flow into the Black Sea; some come directly from the coast, but 
most flows relentlessly from the region's major rivers, River Danube, Dnieper and Dniester. 
Hence, future trends will depend largely on human-related menaces. Depending on place and 
time ecologists have been principally interested in eutrophication, heavy metals, synthetic 
chemicals, radionuclides sedimentation, acid-rain and hot water. Airborne pollution also 
contaminates the sea; while the consequences of a changing climate brought about by 
greenhouse gases build up in the atmosphere certainly seem to add to the stress already faced 
by the Black Sea environment. A special threat comes from the many big ships or petrol 
tankers. Unremitting pressure from the effects of the fishing industry and the tourism 
activities are destroying the natural life that attracts thousands of people to the region every 
year. It is not surprising that the Black Sea is one of the world's most threatened marine 
ecosystems. 
1.2 Definitions 
Contamination is, sensu stricto, used to describe the fact that a certain chemical compound is 
present in a certain habitat and/or the organisms living there, at a concentration higher than 
normal or the background value, and this due to non-natural causes. 
Pollution can then be defined as any form of contamination in an ecosystem with a harmful 
impact upon the organisms in this ecosystem, by changing the growth rate and the 
reproduction of plant or animal species, or by interfering with human amenities, comfort, 
health, or property values. In a broader sense, the terms contamination and pollution also 
include any physical modification that alters the energy or radiation flow in an environment 
(such as a heat source or a radioactive elements), or even the presence of an invasive species. 
Hence, marine pollution as defined by the Group of Experts on the Scientific Aspects of Marine 
Pollution (GESAMP), as part of the basic framework of the UN Convention on the Law of the 
Sea (UNCLOS) 1982 (Article 1.4), is: “the introduction by man, directly or indirectly, of 
substances or energy into the marine environment (including estuaries) resulting in such 
deleterious effects as harm to living resources, hazards to human health, hindrance to marine 
activities including fishing, impairment of quality for use of sea water, and reduction of 
amenities.” 
1.3 Classification of pollution forms 
Pollutants can be classified in different ways. 
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· First of all, they can be distinguished according to their physicochemical constitution. 
- Some are inorganic compounds (like the atmospheric pollutants NO, NO2, and SO2 or like 
metal ions) 
- Other types of pollution are more organic in nature (like wastewater, the nitrogen and 
phosphorus-laden run-off of agricultural land or petroleum derivatives). 
- Newer forms are even not chemical in origin (sound, light). 
· The physical state is another parameter to distinguish between different pollutants. 
- Some types are found in solid form, such as the plastic debris, but also the remains of sludge 
after bagger works. 
- Other types are found in the atmosphere, either as drifting solids (flying ashes, heavy metals 
adhering to dust particles and particulate matter), 
- Or as gases (like volatile organic compounds). 
- Rivers will carry a number of solutes (nitrogen fertilizers, agricultural run-off, remains of 
antibiotics, medication and hormones). 
· A third way to classify pollutants uses their persistence in the environment. 
- Some pollutants are biodegradable (i.e., they will be mineralized by bacteria or otherwise 
assimilated in the metabolism of any of the organisms in the environment) and therefore will 
not continue to exist in the ecosystem for a long time, e.g. cooking waste, sewage and manure. 
- Other pollutants dissipate spontaneously (rapidly) and lose their damaging: 
i. heat, discharged with the cooling water of a power station 
ii. acids and bases, due to the buffering capacity and the large volume of the ocean in which 
they end up; 
iii. cyanides, produced in metallurgical industries, also dissociate and dilute quickly in seawater 
(with only the immediate neighbourhood of the discharge feeling negative effects of the 
poison). 
- A third group of pollutants are conservative or persistent. They are not subject to bacterial 
attack and are not dissipated, but are reactive in various ways with plants and animals causing 
harmful effects. 
Examples are: 
i. Heavy metals (mercury, copper, lead, zinc and so on) 
ii. radioactive sources, 
iii. chlorofluorocarbons in the atmosphere, dioxins and pesticides. 
iv. Even more so, apolar pollutants usually display a tendency to bioaccumulate, i.e. animals 
at higher trophic levels accumulate significantly higher levels of these chemical compounds. 
Marine pollution can be classified as point source or nonpoint source pollution. 
- Point source pollution can be traced back to a single, identifiable spot where the pollutant 
originated – for example, a sewage pipe from a company, the noise from a windmill or the 
leak of the Deep Horizon oil drilling platform. 
- Nonpoint source pollution cannot be attributed to a specific location or time, and has a rather 
diffuse source. Examples comprise agricultural runoff, dust from strip mining, or urban storm 
water runoff. Nonpoint source pollution is the leading cause of water pollution in the United 
States today, with polluted agricultural runoff the most important form. 
1.4. Sources of Marine Pollution 
Overall, the pollution that ends up in the seas and oceans, originates from four distinct 
sources. The major part of all pollution comes from the land, either through run-off and 
discharges (via waterways; 44%) or through the atmosphere (33%). Only 12% of all pollution 
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is due to maritime activity and shipping accidents. Dumping of garbage and sewage, as well as 
the consequences of offshore drilling and mining make up for the rest (resp. 10% and 1%). 
1.4.1 Runoff from the land 
The main transport of pollutants from the land to the sea occurs, evidently, through rivers. 
Rivers take up different forms of waste material from the land, which ends up in the oceans. 
The most direct load of pollutants comes from the urban and industrial sewage systems that 
are dumped in the rivers, often preceded by a sanitation step in a water sanitation installation 
(and even more often not). 
This urban and industrial runoff, together with agricultural run-off, also contains high levels of 
nitrogen and phosphorus. These two elements are essential for plant life (and in fact, for the 
establishment of any food chain in any ecosystem on the planet) but are often only present in 
the ocean in a limiting concentration to allow for abundant organismal growth. A constant 
influx of nutrient-rich water from the land can therefore upset any balance in the aquatic 
ecosystems in coastal areas. As the levels of nitrogen and phosphorus rise, the microalgae 
populations find themselves less and less restrained in their growth. This often results in so-
called algal blooms: massive growth of the unicellular algae in the sea. When they die, the 
remaining biomass is mineralized by bacteria, which thereby consume so much oxygen that 
the water beneath these blooms becomes anaerobic. Any fish or invertebrate life there is 
bound to die. Hence, the so-called eutrophication due to the influx of nutrients is bound to 
cause severe distortion to the balance of the marine ecosystems. 
A third source is the runoff from dust particles coming from metal ore and metal mines, 
washing away in the rivers. These metals can then wreak havoc with the normal metabolism 
of plant and animal life. According to the US Environmental Protection Agency (EPA), over 40% 
of watersheds in the western continental US have been contaminated with metals. A large 
proportion thereof ends up in the oceans. 
Lastly, there are the large chunks of plastic that are being dumped along the coast, in rivers, 
etc…. Once they arrive in the ocean, they float along on the oceanic gyres which concentrates 
this kind of debris in the different oceans. This waste material is the main killer of life in the 
ocean and may take up to 450 years to be degraded. 
1.4.2 Atmospheric pollution from the land 
The atmosphere is another way for pollutants to reach the ocean. 
· Lighter dust fractions and debris will be taken up by the wind and blown towards the ocean. 
A great number of dust particles will carry metal traces, which are spread out this way. 
· A second type of atmospheric pollution which affects the marine environment are the 
greenhouse gases, which, by warming the earth, also raise the temperatures in the oceans. A 
secondary consequence seems to be that the increased concentration of CO2 in the 
atmosphere contributes to ocean acidification. 
· Thirdly, combustion processes (like car engines) produce a significant amount of SO2 and 
NOx as well. These will increase the occurrence of acid rain. 
1.4.3 Ships 
Shipping activity may pollute the atmosphere in two major ways: 
· Ship’s engines as well as the incineration of garbage: first of all, ship’s engines as well as the 
incineration of garbage produce CO2, SO2 and NOx, which will add to global warming and acid 
rain formation. 
· Furthermore, cooling systems may still be operating on freons and other 
chlorofluorocarbons, and occasionally some halon gases (fire extinguishing agents which are 
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gaseous when discharged) are still at hand for fighting specific fires. Their accidental release 
and subsequent escape of these gases to the stratosphere furthers the build-up of 
chlorofluorocarbons (CFCs) in the ozone layer and the degradation of the latter. It needs to be 
said, though: in many instances, these gases are being traded in for more environment friendly 
alternatives. 
· Most of marine pollution is simply by accident: When it comes to the amount of pollution 
that goes into the water, it needs to be said that most of it is simply by accident. As there are 
a good number of international regulations that forbid express dumping of all different kinds 
of waste above certain levels. For example, garbage has to be either delivered to shore or 
burnt in incinerators onboard. Incineration is prohibited in special areas (MARPOL Annex V). 
The quantitatively largest aquatic form of accidental pollution caused by the maritime sector 
is also the one that has been highlighted the most: oil spills. As crude oil consists of a wide 
range of different hydrocarbon molecules with different molecular weight and properties, it 
is not easy to give a concise view of the total damage that is done by an accidental spill. Apart 
from the highly visible heavy oil that covers the water, the animals and the shores, a large 
number of lighter components are present as well. These lighter components are likely to do 
even more damage in the long run, as they are stored in the adipose tissue of different animals 
in the food chain. Examples of these lighter components comprise the monocyclic and 
polycyclic aromatic hydrocarbons, which are difficult to clean up, and bound to cause cancer 
and other health problems after a few years of continuous exposure.  
· A certain quantity of polluted sewage water is being produced by people: As people live on 
ships, a certain quantity of “grey water” (polluted sewage water) is being produced, in the 
kitchen, the showers…. Part of that goes overboard, the oceans are able to deal with raw 
sewage through natural bacterial action. On the other hand, the regulations in Annex IV of 
MARPOL prohibit discharging sewage water within a certain distance of the nearest land, 
unless the ship is equipped with a certified installation. 
· Bilge water: One specific compartment, designed to capture all water that does not drain off 
over the side of the deck, is the bilge. This water may be from rough seas, rain, minor leaks in 
the hull, or interior spillage. Bilge water can be found aboard almost every vessel. Depending 
on the ship’s design and function, bilge water may contain water, oil, urine, detergents, 
solvents, chemicals, pitch, particles, and other materials. Cleaning out the bilge tank is 
therefore bound to release a quantity of pollutants. Customarily, there is a distinction 
between engine bilge and all the other forms of bilge water. Again, the International Maritime 
Organization has imposed a number of strict rules to limit the impact of the shipping sector 
on the marine environment. In this case, no water exceeding 15 parts per million (ppm) of oil 
can be discharged overboard (MARPOL Annex I). 
· Biological contamination:  The risk for biological contamination is trickier to contend with. To 
start with, when ballast water is taken up, it is bound to contain a number of microscopic life 
forms, such as algae and larval forms of invertebrates that belong to the specific region the 
ship resides in. When the ballast water is pumped out, possibly even after a few weeks, 
organisms may end up thousands of kilometres away from the region where they belong. 
Similarly, there are the organisms that attach themselves to the ship hull in a process called 
biofouling. Calcareous fouling organisms (protected by a calcium-enforced exoshell) include 
barnacles, bryozoans, molluscs, polychaetes and tube worms. Examples of non-calcareous 
(soft) fouling organisms are seaweed, hydroids, algae and bacterial biofilms. Together, these 
organisms form fouling communities on all kinds of maritime objects. 



 

14 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the 

views only of the authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information 

contained therein” 

Roughly 90% of the species that are transported unknowingly does not survive the transition 
to a new habitat. The remaining 10% is able to stay alive and happens to be seen now and 
then. They cause no harm whatsoever. 1% of the transported species, however, is able to 
establish a firm presence in its new home. These are called exotic species, or, with a more 
popular term, “aquatic hitch hikers”. About 10% of these exotics even ends up threatening the 
normal ecological processes around them, chasing the local (endemic) organisms out of their 
habitat and niche, taking over the region, spreading new diseases, etc… 
These species are called invasive. They are allegedly responsible for more than $120 billion in 
annual losses in the US alone. On the other hand, prevention of biofouling presents an 
environmental danger in itself, to be found in the layers of paint and antifouling agents 
covering all sides of the ship. Many of these chemical mixtures contain biocides – products 
that are designed to kill the different sea organisms that try to attach themselves to the hull, 
thereby favouring corrosion or decreasing the hydrodynamic character of the ship. Over time, 
these biocides will dissolve from the paint matrix they were originally applied in and end up 
in the sea. 
Similarly, there is the zinc and aluminium coming from corroding sacrificial anodes: a highly 
active metals that are used to prevent a less active material surface on hull of the ship from 
corroding. The sacrificial anode will be consumed in place of the metal it is protecting, which 
is why it is referred to as a "sacrificial" anode. The zinc ions that dissolve from these anodes 
end up in the water surrounding the hull. 
Cargo lose: Lastly, there is the possibility that ships sometimes lose part of their cargo, due to 
human error, storm wind and waves. Some estimate that over 10,000 containers are lost 
accidentally at sea every year. 
1.4.4 Deep Sea mining 
A last source of pollution is deep sea mining. This process attempts to unearth the deposits of 
sulphides and important and precious metals (such as silver, manganese, copper, gold and 
zinc), which are often created near hydrothermal vents, at about 1400–3700 m below the 
ocean surface . The mining occurs with hydraulic pumps and buckets being taken up and down 
to reach the ores and transport them to the surface. 
Hydrothermal circulation occurs when seawater penetrates into the ocean crust, becomes 
heated, reacts with the crustal rock, and rises to the seafloor. Seafloor hydrothermal systems 
have a major local impact on the chemistry of the ocean that can be measured in 
hydrothermal plumes. Some hydrothermal tracers (especially helium) can be mapped 
thousands of kilometres from their hydrothermal sources and can be used to understand deep 
ocean circulation. Because hydrothermal circulation removes some compounds from 
seawater (e.g. Mg, SO42-) and adds many others (He, Mn, Fe, H2, CO2), it is an important 
process in governing the composition of seawater.  
It should not be surprising that nations and companies turn to the sea to enhance their metal 
production. Ore mining on land has been going on for decades, if not for centuries, and many 
mines are being overtaxed already, if not bordering on complete exhaustion. Moreover, the 
time seems right for an economically viable exploitation of the metal ores on the ocean floor: 
· a lot of the necessary technology is available, reducing the risk and the initial investments to 
be made, e.g. cables to be laid at such a depth, diamond drills available from deep water oil 
and gas mining…. 
· Also, metal prices are high and still rising, leading to a substantial and certified return on 
investment. 
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· And lastly, there is an apparent shift in focus from the international waters (and their highly 
regulated status) towards the exclusive economic zones, controlled by individual states (which 
are happy to share in the benefits). 
Ecological consequences of deep-sea mining: So far, with deep sea mining being a rather new 
technology, the ecological consequences are unknown. However, a number of concerns have 
already been raised: 
Digging up parts of the sea floor disturbs the benthic ecosystems close to the hydrothermal 
vents. These ecosystems are often teeming with life, containing many species that are unique 
to the vents and with a high primary production. The ecosystems surrounding hydrothermal 
vents combine superheated and highly mineralized vent fluids with microbes that are capable 
of using chemicals as a nutritional source. In recent years, such ecosystems have been found 
to host over 500 species previously unknown to science. In addition, damage to those 
ecosystems may impact large regions of the benthic zone in the oceans. Mining these deposits 
may result in leakage of the toxic sulphides, altering the composition of the water column. 
Among the impacts of deep-sea mining, sediment plumes could have the greatest impact. 
Plumes are caused when the tailings from mining (usually fine particles) are dumped back into 
the ocean, creating a cloud of particles floating in the water. 
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2. Maritime Conventions for Marine Pollution 
2.1. International and Regional Organizations 
It is generally recognised that all businesses have a major role to play in preventing pollution 
and reducing releases of harmful emissions into the environment and this is particularly true 
of the shipping industry. The impact of pollution on fragile ecosystems is particularly severe in 
the marine environment, and to address this there is a substantial body of European Union 
(EU) and wider international regulations related to environmental control, including 
comprehensive survey and certification requirements. 
 
A continuous stream of new technologies is being introduced in the shipping industry to 
ensure that it meets new operational limitations set by environmental regulations. For 
example, leading shipping companies (Maesk CMA CGM, MSC and Hapag-Lloyd) team up to 
drive emission reductions faster than regulators. The CO2 reduction targets and new sulphur 
emission limits are key drivers of these technology developments. As part of regulatory 
compliance, a number of technologies are likely to be improved - for example, hydrodynamics, 
new fuel and energy sources, logistics, and methods for effective harbour operations. 
 
In addition, systems to reduce emissions and particulate matter in harbours and the 
proximities to cities will be important. 
 
As a consequence of the above changes, the following competences and capabilities will then 
be needed: 
• Logistics and optimisation methods to achieve high utilisation of ships 
• Advanced routeing, considering wind, current, and waves 
• Operation of complex hybrid and zero emission machineries 
• Calculation and documentation of emissions 
• Control centres supporting ships with optimisation services, remote control and 
autonomy 
• Performance management systems 
 
International Organisations and Programmes Working with Marine Pollution 
UNEP has since 1974 developed the Regional Seas Programme which today includes twelve 
regions. Within each region, an action plan is being formulated to protect and manage the 
marine and coastal environment. Regional conventions and associated protocols have been 
developed and support has been given to a number of projects to foster regional cooperation 
in coastal areas. 
 
In 1985 UNEP drew up a set of guidelines to help nations develop international agreements 
and national legislation to protect the marine environment against pollution from land-based 
sources. The guidelines are intended as a checklist of basic provisions - rather than a model 
agreement - from which nations might select or adapt elements to suit their specific needs. 
The Guidelines are presently being revised and a follow-up meeting to UNCED is scheduled to 
be held in 1995 in Washington to discuss land-based sources of pollution. 
 
International Maritime Organization (IMO). As a specialized agency of the United Nations, 
IMO is the global standard-setting authority for the safety, security and environmental 
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performance of international shipping. The MARPOL 73/78 convention implemented by the 
IMO has been instrumental in reducing pollution from ships, in particular oil. However, 
although MARPOL and most other international shipping conventions are in force and have 
been ratified by the majority of maritime nations, many of the contracting parties fail to 
comply with the requirements on reporting, providing reception facilities, control and 
enforcement, etc. The state of ratification of the MARPOL convention and other IMO 
conventions in developing countries, is not satisfactory. IMO is also the executing agency for 
the London Convention regulating dumping at sea. 
 
The Intergovernmental Oceanographic Commission (IOC) is the UN organization responsible 
for developing marine sciences. Through the GIPME (Global Investigation of Pollution in the 
Marine Environment) program, monitoring and research activities are being carried out at 
global level. IOC is also developing the GOOS (Global Ocean Observing System) program to 
strengthen marine data collection and exchange. 
 
The World Bank and other development banks are heavily involved in marine pollution 
projects with lending operations, particularly in the urban sector with sewage and solid waste 
projects and institutional development. The World Bank is supporting the development of 
National Environmental Action Plans for its borrowers. It is also participating in regional 
programs on the marine environment such as the Mediterranean Environmental Program, The 
Black Sea Program and the Baltic Program. 
 
The Global Environment Facility (GEF) sponsored by the World Bank, UNDP and UNEP is 
supporting several research, technical assistance and investment projects related to the 
protection of international waters. 
 
The Global Environment Facility (GEF), together with other donors is financing two projects in 
the Caribbean to implement the MARPOL convention and to eliminate pollution from ships by 
providing technical assistance and funding for the construction of port reception facilities for 
ship-generated waste and associated waste management infrastructure. 
 
2.2. Maritime Conventions 
Most international regulations on marine pollution come from the 1973 International 
Convention for the Prevention of Pollution from Ships (MARPOL), which was updated in 1978. 
MARPOL was developed by the International Maritime Organization (IMO) and is aimed at 
preventing and minimizing pollution from ships - both accidental and from routine operations. 
There have been a number of amendments to the Convention since it was first produced, and 
MARPOL now has six technical annexes covering marine pollution.  
 
International Convention for the Prevention of Pollution from Ships (MARPOL) 
Adoption: 1973 (Convention), 1978 (1978 Protocol), 1997 (Protocol - Annex VI); Entry into 
force: 2 October 1983 (Annexes I and II). 
 
The International Convention for the Prevention of Pollution from Ships (MARPOL) is the main 
international convention covering prevention of pollution of the marine environment by ships 
from operational or accidental causes. 
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The MARPOL Convention was adopted on 2 November 1973 at IMO. The Protocol of 1978 was 
adopted in response to a spate of tanker accidents in 1976-1977. As the 1973 MARPOL 
Convention had not yet entered into force, the 1978 MARPOL Protocol absorbed the parent 
Convention. The combined instrument entered into force on 2 October 1983. In 1997, a 
Protocol was adopted to amend the Convention and a new Annex VI was added which entered 
into force on 19 May 2005. MARPOL has been updated by amendments through the years. 
The Convention includes regulations aimed at preventing and minimizing pollution from ships 
- both accidental pollution and that from routine operations - and currently includes six 
technical Annexes. Special Areas with strict controls on operational discharges are included in 
most Annexes.  
Annex I Regulations for the Prevention of Pollution by Oil (entered into force 2 October 
1983) 
Covers prevention of pollution by oil from operational measures as well as from accidental 
discharges; the 1992 amendments to Annex I made it mandatory for new oil tankers to have 
double hulls and brought in a phase-in schedule for existing tankers to fit double hulls, which 
was subsequently revised in 2001 and 2003. 
Annex II Noxious Liquid Substances carried in Bulk (entered into force 2 October 1983) 
Details the discharge criteria and measures for the control of pollution by noxious liquid 
substances carried in bulk; some 250 substances were evaluated and included in the list 
appended to the Convention; the discharge of their residues is allowed only to reception 
facilities until certain concentrations and conditions (which vary with the category of 
substances) are complied with. 
In any case, no discharge of residues containing noxious substances is permitted within 12 
miles of the nearest land.   
Annex III Prevention of Pollution by Harmful Substances Carried by Sea in Packaged Form 
(entered into force 1 July 1992) 
Contains general requirements for the issuing of detailed standards on packing, marking, 
labelling, documentation, stowage, quantity limitations, exceptions and notifications. 
For the purpose of this Annex, “harmful substances” are those substances which are identified 
as marine pollutants in the International Maritime Dangerous Goods Code (IMDG Code) or 
which meet the criteria in the Appendix of Annex III. 
Annex IV Prevention of Pollution by Sewage from Ships (entered into force 27 September 
2003) 
Contains requirements to control pollution of the sea by sewage; the discharge of sewage into 
the sea is prohibited, except when the ship has in operation an approved sewage treatment 
plant or when the ship is discharging comminuted and disinfected sewage using an approved 
system at a distance of more than three nautical miles from the nearest land; sewage which 
is not comminuted or disinfected has to be discharged at a distance of more than 12 nautical 
miles from the nearest land.   
Annex V Prevention of Pollution by Garbage from Ships (entered into force 31 December 
1988)  
Deals with different types of garbage and specifies the distances from land and the manner in 
which they may be disposed of; the most important feature of the Annex is the complete ban 
imposed on the disposal into the sea of all forms of plastics.  
Annex VI Prevention of Air Pollution from Ships (entered into force 19 May 2005) 
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Sets limits on sulphur oxide and nitrogen oxide emissions from ship exhausts and prohibits 
deliberate emissions of ozone depleting substances; designated emission control areas set 
more stringent standards for SOx, NOx and particulate matter.  A chapter adopted in 2011 
covers mandatory technical and operational energy efficiency measures aimed 
at reducing greenhouse gas emissions from ships.   
 
Other conventions relating to prevention of marine pollution 

• International Convention Relating to Intervention on the High Seas in Cases of Oil 
Pollution Casualties (INTERVENTION), 1969 

• Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other 
Matter(LC), 1972 (and the 1996 London Protocol) 

• International Convention on Oil Pollution Preparedness, Response and Co-
operation(OPRC), 1990 

• Protocol on Preparedness, Response and Co-operation to pollution Incidents by 
Hazardous and Noxious Substances, 2000 (OPRC-HNS Protocol) 

• International Convention on the Control of Harmful Anti-fouling Systems on Ships 
(AFS), 2001 

• International Convention for the Control and Management of Ships' Ballast Water 
and Sediments, 2004 

• The Hong Kong International Convention for the Safe and Environmentally 
Sound Recycling of Ships, 2009 

Conventions covering liability and compensation 
• International Convention on Civil Liability for Oil Pollution Damage(CLC), 1969 
• 1992 Protocol to the International Convention on the Establishment of 

an International Fund for Compensation for Oil Pollution Damage (FUND 1992) 
• Convention relating to Civil Liability in the Field of Maritime Carriage of Nuclear 

Material (NUCLEAR), 1971 
• Athens Convention relating to the Carriage of Passengers and their Luggage by Sea 

(PAL), 1974 
• Convention on Limitation of Liability for Maritime Claims(LLMC), 1976 
• International Convention on Liability and Compensation for Damage in Connection 

with the Carriage of Hazardous and Noxious Substances by Sea (HNS), 1996 (and its 
2010 Protocol) 

• International Convention on Civil Liability for Bunker Oil Pollution Damage, 2001  
• Nairobi International Convention on the Removal of Wrecks, 2007 

 
 
 
 
 
 
 
 
 
 
 

https://www.imo.org/en/About/Conventions/Pages/International-Convention-Relating-to-Intervention-on-the-High-Seas-in-Cases-of-Oil-Pollution-Casualties.aspx
https://www.imo.org/en/About/Conventions/Pages/Convention-on-the-Prevention-of-Marine-Pollution-by-Dumping-of-Wastes-and-Other-Matter.aspx
https://www.imo.org/en/About/Conventions/Pages/Convention-on-the-Prevention-of-Marine-Pollution-by-Dumping-of-Wastes-and-Other-Matter.aspx
https://www.imo.org/en/About/Conventions/Pages/International-Convention-on-Oil-Pollution-Preparedness,-Response-and-Co-operation-(OPRC).aspx
https://www.imo.org/en/About/Conventions/Pages/International-Convention-on-Oil-Pollution-Preparedness,-Response-and-Co-operation-(OPRC).aspx
https://www.imo.org/en/About/Conventions/Pages/Protocol-on-Preparedness,-Response-and-Co-operation-to-pollution-Incidents-by-Hazardous-and-Noxious-Substances-(OPRC-HNS-Pr.aspx
https://www.imo.org/en/About/Conventions/Pages/International-Convention-on-the-Control-of-Harmful-Anti-fouling-Systems-on-Ships-(AFS).aspx
https://www.imo.org/en/About/Conventions/Pages/International-Convention-for-the-Control-and-Management-of-Ships%27-Ballast-Water-and-Sediments-(BWM).aspx
https://www.imo.org/en/About/Conventions/Pages/International-Convention-for-the-Control-and-Management-of-Ships%27-Ballast-Water-and-Sediments-(BWM).aspx
https://www.imo.org/en/About/Conventions/Pages/The-Hong-Kong-International-Convention-for-the-Safe-and-Environmentally-Sound-Recycling-of-Ships.aspx
https://www.imo.org/en/About/Conventions/Pages/International-Convention-on-Civil-Liability-for-Oil-Pollution-Damage-(CLC).aspx
https://www.imo.org/en/About/Conventions/Pages/International-Convention-on-the-Establishment-of-an-International-Fund-for-Compensation-for-Oil-Pollution-Damage-(FUND).aspx
https://www.imo.org/en/About/Conventions/Pages/Convention-relating-to-Civil-Liability-in-the-Field-of-Maritime-Carriage-of-Nuclear-Material-(NUCLEAR).aspx
https://www.imo.org/en/About/Conventions/Pages/Convention-relating-to-Civil-Liability-in-the-Field-of-Maritime-Carriage-of-Nuclear-Material-(NUCLEAR).aspx
https://www.imo.org/en/About/Conventions/Pages/Athens-Convention-relating-to-the-Carriage-of-Passengers-and-their-Luggage-by-Sea-(PAL).aspx
https://www.imo.org/en/About/Conventions/Pages/Convention-on-Limitation-of-Liability-for-Maritime-Claims-(LLMC).aspx
https://www.imo.org/en/About/Conventions/Pages/International-Convention-on-Liability-and-Compensation-for-Damage-in-Connection-with-the-Carriage-of-Hazardous-and-Noxious-.aspx
https://www.imo.org/en/About/Conventions/Pages/International-Convention-on-Civil-Liability-for-Bunker-Oil-Pollution-Damage-(BUNKER).aspx
https://www.imo.org/en/About/Conventions/Pages/Nairobi-International-Convention-on-the-Removal-of-Wrecks.aspx
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3. Pollution preparedness and response 
 

3.1. Shipboard monitoring, contingency planning 
Good prevention initiatives can go a long way in reducing the risk of pollution from ships.  
However, in spite of best efforts, spills will inevitably occur.  When this happens, it is necessary 
to ensure that effective preparedness measures are in place that will ensure a timely and 
coordinated response to limit the adverse consequences of pollution incidents involving oil 
and hazardous and noxious substances (HNS). 

 
The International Convention on Oil Pollution Preparedness, Response and Co-operation 1990 
(OPRC 90) is the international instrument that provides a framework designed to facilitate 
international co-operation and mutual assistance in preparing for and responding to major oil 
pollution incidents. 

 
The Protocol on Preparedness, Response and Co-operation to Pollution Incidents by 
Hazardous and Noxious Substances, 2000 (OPRC-HNS Protocol) extends this regulatory 
framework to address pollution incidents involving hazardous and noxious substances, i.e. 
chemicals. 

 
States which are party to OPRC 90 and OPRC-HNS Protocol are required to establish a national 
system for responding to oil and HNS pollution incidents, including a designated national 
authority, a national operational contact point and a national contingency plan. This needs to 
be backstopped by a minimum level of response equipment, communications plans, regular 
training and exercises. 

 
In terms of reporting, Member States are required to provide to IMO, directly or through the 
relevant regional organization or arrangements: 

 
- Information on responsible authorities and entities, information concerning pollution 
response equipment and expertise in disciplines related to pollution response and marine 
salvage which may be made available to other States upon request and its national 
contingency plan (Article 6 of the OPRC 90 and Article 4 of the OPRC-HNS Protocol);  
- Copies of bilateral or multilateral agreements for oil pollution preparedness and response 
(Article 10 of the OPRC 90 and Article 8 of the OPRC-HNS Protocol); and 
- Article 4 of the OPRC Convention reaffirms the oil pollution reporting requirements defined 
under the MARPOL Convention.  
 
In addition to the requirement for implementing national response systems, the two 
instruments also promote cooperation amongst Parties through the establishment of 
bilateral and multilateral agreements to augment national-level response capacity, when 
needed.  Most importantly, OPRC 90 and OPRC-HNS Protocol 2000 provide the mechanism 
for Parties to request assistance from any other state Party, when faced with a major 
pollution incident.  
 
There are a number of key benefits for those States acceding to the instruments, notably: 
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- Access to an international platform for co-operation and mutual assistance in preparing for 
and responding to major oil and HNS pollution incidents, and a mechanism for establishing 
co-operative arrangements with other State Parties; 
- A means for urgently accessing relevant technical assistance and response resources in the 
event of an oil or HNS incidents 
- A framework for the development of national and regional capacity to prepare for, and 
respond to, oil and HNS incidents; 
- Participation in a network for the exchange of new research and development information, 
best practices and practical experiences in oil and HNS response; and 
- Access to training and support for developing the essential preparedness and response 
structures and legislation, at national and regional levels, 
 

3.2. Documentation, reporting and communication  
3.2.1. Documentation: Shipboard Oil Pollution Emergency Plan is to be developed in 
accordance with the requirements of regulation 37 of Annex I of the International Convention 
for the Prevention of Pollution from Ships, 1973 as modified by the Protocol of 1978 relating 
there to. The purpose of the Plan is to provide guidance to the Master and officers on board 
the ship with respect to the steps to be taken when an oil pollution incident has occurred or 
is likely to occur. 
The Plan shall contain all information and operational instructions as required by the 
"Guidelines for the development of the Shipboard Oil Pollution Emergency Plan" as developed 
by the International Maritime Organization (IMO) and published under MEPC 54(32) as 
amended by MEPC 86(44). The appendices contain names, telephone, telex numbers, etc., of 
all contacts referenced in the Plan, as well as other reference material. The Plan has to be 
approved by the Administration and, no alteration or revision shall be made to any part of it 
except non mandatory sections without the prior approval of the Administration. 
Changes to non-mandatory sections and the appendices will not be required to be approved 
by the Administration. The appendices should be maintained up to date by the owners, 
operators and managers. 
The Plan is to be available to assist the ship´s personnel in dealing with an unexpected 
discharge of oil. Its primary purpose is to set in motion the necessary actions to stop or 
minimize the discharge of oil and to mitigate its effects. Effective planning ensures that the 
necessary actions are taken in a structured, logical and timely manner. Further, the purpose 
of the Plan is to provide the Master, officers and certain crew members with a practical guide 
to the prevention of oil spills and in carrying out the responsibilities associated with regulation 
37 of Annex I to MARPOL 73/ 78 

• procedures to report an oil pollution incident 

• Coastal State contacts (Focal Points) and Port Contact Lists to be contacted in the 
 event of an oil pollution incident 

• response actions to reduce or control the discharge of oil following an incident 

• co-ordination with national and local Authorities in combatting oil pollution 
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Shipboard Oil Pollution Emergency Plan – Sample Flowchart 
 
 
 

Discharge of Oil 
Probable or Actual 

 
 

 
 
 

 
 
 
 

 
 

     
 

REPORTING ACTION TO CONTROL DISCHARGE 

By Master and/ or designated crew 
member 

Measures to minimize the escape of oil and threat to the 
marine environment 

Assessment of the Nature of 
Incident 

Actions required 

Alert crew members 
Identity spill source 

Personnel protection 
Spill assessment 

Vapour monitoring 
Evacuation 



 

23 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the 

views only of the authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information 

contained therein” 

When to report 
All probable and actual spills 
 
How to report 

- By quickest means to coastal 
radio station 

- Designated ship movement 
reporting station or 

- Rescue Co-ordination Centre (at 
sea) 

- By quickest available means to 
local authorities 

 
Who to report 

- Nearest Coastal State Harbour 
and terminal operators (in port) 

- Shipowner´s manager; P & I 
insurer 

- Head Charterer; Cargo owner 
- Refer to contact lists 

 
What to report 

- Initial report (Res. A.851(20) as 
amended by MEPC 138(53)) 

- Follow-up reports 
- Characteristics of oil spilled 
- Cargo/ ballast/ bunker 

dispositions 
- Weather and sea conditions 
- Slick movement 
- Assistance required 

• Salvage 

• Lightening capacity 

• Mechanical equipment 

• External strike team 

• Chemical 
dispersant/degreasant 

NAVIGATION MEASURES 
 

- Alter course/ position 
and/ or speed 

- Change of list and/ or 
trim 

- Anchoring 
- Setting aground 
- Initiate towage 
- Assess safe haven 

require-ments 
- Weather/ tide/ swell 

fore-casting 
- Slick monitoring 
- Record of events and 

communications taken 

SEAMANSHIP MEASURES 
 

- Safety assessment and 
pre-caution 

- Advice on priority 
countermea-sures/ 
preventive measures 

- Damage stability and 
stress consideration 

- Ballasting/ deballasting 
- Internal cargo transfer 

opera-tions 
- Emergency ship-to-

ship trans-fers of cargo 
and/or bunker 

- Set up shipboard 
response for: 

• Leak sealing 

• Fire fighting 

• Handling of 
ship-board 
response 
equipment (if 
available) 

 

  

 STEPS TO INITIATE EXTERNAL RESPONSE 
 - Refer to Costal Port State listings for local assistance 

- Refer to ship interest contact list 
- External clean-up resources required 
- Continued monitoring of activities 
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3.2.2 Reporting Requirements 
When the ship is involved in an incident which results in the discharge of oil, the Master is 
obliged under the terms of MARPOL 73/ 78 to report details of the incident, without delay, to 
the nearest Coastal State by means of the fastest communication channels available. The 
intent of these requirements is to ensure that Coastal States are informed, without delay, of 
any incident giving rise to oil pollution, or threat of oil pollution, of the marine environment, 
as well as of assistance and salvage measures, so that appropriate action may be taken. 
Without interfering with shipowners' liability, some coastal states consider that it is their 
responsibility to define techniques and means to be taken against an oil pollution incident and 
approve such operations which might cause further pollution, i.e. lightening. States are in 
general entitled to do so under the International Convention relating to Intervention on the 
High Seas in Cases of Oil Pollution Casualties, 1969. 
Taking the summary flowchart given above as a basic guide into consideration reports are 
necessary in the following cases: 
Actual Discharge 
The Master is obliged to report to the nearest Coastal State whenever there is a discharge of 
oil resulting 

• from damage to the ship 

• from damage to the ship´s equipment 

• for the purpose of securing the safety of a ship or saving life at sea 

• during the operation of the Ship in excess of the quantity or instantaneous rate 
permitted under the present Convention 

Probable Discharge 
The Master is obliged to report even when no actual discharge of oil has occurred but there is 
a probability that one could. However, as it is not practical to lay down precise definitions of 
all types of situations involving probable discharge of oil which would warrant an obligation 
to report the Master is obliged to judge by himself whether there is such a probability and 
whether a report should be made. 
 Therefore, it is recommended that, at least, the following events 

• damage, failure or breakdown which affects the safety of the ship (e.g. collision, 
grounding, fire, explosion, structural failure, flooding, cargo, cargo shifting etc.) 

• failure or breakdown of machinery or equipment which results in impairment of 
the safety of navigation (e.g. failure or breakdown of steering gear, propulsion, 
electrical generating system, essential shipborne navigation aids etc.) 

are carefully considered by the Master – taking into account the nature of the damage failure 
or break-down of the ship, machinery or equipment as well as the ship´s location, proximity 
to land, weather, state of the sea and traffic density – as cases in which a probable discharge 
of oil is most likely. If in doubt, the Master should always make a report in cases 
aforementioned.  
 
Information Required 
As required in article 8 and Protocol I of MARPOL 73/ 78 Convention the Master or other 
persons   having charge of the ship should report the particulars of any pollution incident. In 
this context the International Maritime Organization (IMO), in 1997, adopted Resolution A. 
851 (20) as amended by MEPC 138(53) "General Principles for Ship Reporting Systems and 
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Ship Reporting Requirements, including Guidelines for Reporting Incidents involving 
Dangerous Goods, Harmful Substances and/ or Marine Pollutants". 
The intent of the Resolution aforementioned is to enable Coastal States and other interested 
parties to be informed, without delay, of any incident giving rise to oil pollution, or threat of 
oil pollution, of the marine environment, as well as of assistance and salvage measures, so 
that appropriate action may be taken. 
Nothing in this chapter relieves the Master in using sound judgement to make sure that any 
incident or probable discharge of oil is reported as quick as possible in the prevailing situation. 
When transmitting initial reports to the authorities of the nearest Coastal State the Master or 
other persons dealing with such a transmission should take note of Resolution A. 851 (20) as 
amended by MEPC 138(53). Especially, the format of the initial report as well as 
supplementary of follow-up reports should conform with the guidance contained in Res. A. 
851 (20) as amended by MEPC 138(53). All reporting whether initial or follow-up, should 
follow IMO´s reporting format as outlined below and should contain the following 
information: 
 

LABEL FUNCTION EXPLANATION 
A Ship Name, call sign and nationality 
B Date and time (UTC) of event A 6-digit group giving day of month (first two 

digits), hours & minutes (last four digits) 
C Position A 4-digit group giving latitude in degrees and 

minutes suffixed with N or S, and a 5-digit 
group giving longitude in degrees and minutes 
suffixed with E or W 

D Position True bearing (first 3 digits) and distance (state 
distance) in nautical miles from clearly 
identified landmark (state landmark) 

E True course A 3-digit group 
F Speed at time of incident In knots and tenths of knots as a 3-digit group 
L Route information Details of intended track 
M Radio communications Full details of radio stations (names) and 

frequencies being guarded 
N Time (UTC) of next report A 6-digit group as under BB above 
P Cargo on board: can be 

included in “RR“ as relevant 
Type(s) and quantity(ies) of cargo/ bunker on 
board and brief details of any dangerous 
cargoes as well as harmful substances and 
gases that could endager persons or the 
environment 

Q Defects or damage or 
defencies or other limitations 

Brief details of conditions of the ship as 
relevant; ability to transfer cargo/ ballast/ 
bunker fuel 
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R Description of pollution or 
possible overboard discharge 

Brief details of pollution; this should include 
the type(s) of fuel oil, an estimate of the 
quantity discharged, whether the discharge is 
continuing, the cause of the discharge and, if 
possible, an estimate of the movement and 
area of slick 

S Weather conditions Brief details of weather and sea conditions 
prevailing including wind force and direction 
and relevant swell details 

T Ship`s representative and/ or 
owner 

Name, adress, telex and telephone number of 
the ship´s owner and representative 
(charterer, manager or operator of the ship or 
their agents) 

U Ship´s size and type Details of length, breadth and type of ship as 
well as draught 

X Miscellaneous and additional 
information 

Any other information including relevant 
details such as brief details of incident, need 
for outside assistance, action being taken to 
limit further discharge; details of any 
personnel injuries sustained, details of P & I 
Club and local correspondent. 

 
All follow-up reports by the Master should include information relevant to the Coastal State 
Authorities to keep them informed as the incident develops. 
Follow-up reports should include information on any significant changes in the ship´s 
condition, the rate of release and spread of oil, weather and sea conditions and clean-up 
activities underway. 
In this context details of bunker disposition, condition of any empty tanks and nature of any 
ballast carried are information needed by those involved in order to assess the threat posed 
by an actual or probable discharge of oil from the damaged ship. 

 
For the ship in port, notification of local agencies, combatting teams or clean-up companies 
will speed up response. If an oil spill occurs during the ship´s stay in port, whether operational 
or as a result of an incident, the Master should inform the appropriate local agencies (e.g. 
National Response Centre, Terminal/ Port Authorities etc.) without undue delay. 
If the ship is engaged in a regular service between ports/ terminals the Master or any other 
person aboard delegated by the Master should provide a list with the relevant Port Contact 
addresses for each port served regularly of Authorities/ persons and/ or terminals dealing with 
an oil spill. 
If a change in the ship´s range of trade or a change in the addresses of persons/ Authorities of 
the ports/ terminals served regularly takes place the Master or any other person aboard 
delegated by the Master is required to issue a new list. Where ship´s service make it not 
feasible to prepare such a list the Master should seek guidance concerning such local Port 
Contacts and local reporting procedures upon arrival in port. Addresses obtained in this way 
should be documented aboard in the form that the Master considers most effective and 
should be attached to the Plan. 
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3.2.3. Steps to Control Discharge 
Ship personnel will most probably be in the best position to take quick action to mitigate or 
control the discharge of oil from their ship. It is the Master´s responsibility to initiate a 
response in the event of a discharge of oil or substantial threat of discharge of oil – actual or 
probable – into the waters. In no case action should be taken that in any way could jeopardize 
the safety of personnel either onboard or ashore. 
Operational Spill Prevention 
Crew members shall maintain a close watch for the escape of oil during bunker operations. 
Prior to bunker transfer the competent crew members should mobilize the oil spill equipment, 
as far as available on board, and place it close to the planned operation, e.g. along the railing 
on the side at which bunker operation takes place. 
Before bunker handling commences, all deck scuppers and open drains must be effectively 
plugged. Accumulations of water should be drained periodically, and scupper plugs replaced 
immediately after the water has run off. Any free-floating oil or oil droplets should be removed 
prior to draining. 

 
Bunker tanks which have been topped up should be checked frequently during the remaining 
bunker operations to avoid an overflow. Unless there are permanent means for retention of 
any slight leakage at ship/ shore connections for bunker transfer, it is essential that a drip tray 
is in place to catch any leaking oil. The removed bunker oil and the used clean-up material 
should be retained on board in proper containment units until it can be discharged to a 
reception facility. 
Pipeline Leakage 
If a leakage occurs from a pipeline, valve, hose or metal arm, operations through that 
connection should be stopped immediately until the cause has been as certained and the 
defect remedied. 
Defective pipe sections should be isolated. Affected sections should be drained down to an 
available empty or slack tank. If a leakage occurs from a hydraulic pipeline, operations should 
be stopped immediately. The removed bunker oil and the used clean-up material should be 
retained on board in proper containment units until it can be discharged to a reception facility. 
Tank Overflow 
If there is a tank overflow all bunker operations should be stopped immediately and should 
not be restarted until the fault has been rectified and all hazards from the released oil have 
been eliminated. If there is any possibility of the released oil or oil vapours entering an engine 
room intake appropriate preventive step must be taken quickly. Promptly shift bunker oil from 
the tank overflowed to an available empty or slack tank or prepare pump(s) or transfer the 
excess ashore. 
The removed bunker oil and the used clean-up material should be retained on board in proper 
containment units until it can be discharged to a reception facility. 
Hull Leakage 
Identify leaking tank; consider diver if necessary and possible. Reduce level in tank in question 
well below sea level. If it is not possible to identify the leaking tank, reduce level in all tanks in 
vicinity. In this case give careful consideration to hull stress and stability. If there is a spillage 
due to suspected hull leakage reduce the head of bunker and promptly transfer the bunker oil 
to an available empty or slack tank or, if berthed, discharge ashore in suitable barges/ tanks. 



 

28 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the 

views only of the authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information 

contained therein” 

Spills caused by Equipment in Machinery Spaces 
If operational oil spills are caused by a failure of equipment in machinery spaces any further 
operations of this equipment should be stopped immediately or measures are to be taken to 
avoid an oil spill. Such equipment may be: 

• Oily water separating equipment or oil filtering equipment to de-oil bilge water 
from the engine room bilges 

• Valves in pipes connecting ballast/ bilge systems 

• Cooling pipes in oil cooler systems 

• Gearing of bow thrusters 

• Stern tubes 
The removed bunker oil and the used clean-up material should be retained on board in proper 
containment units until it can be discharged to a reception facility. 
Spills Resulting from Casualties 
In the event of a casualty the Master´s first priority is to ensure the safety of the ship´s 
personnel, and to initiate actions which may prevent escalation of the incident and marine 
pollution. 
Ship grounded / stranded 
The Master´s priority should be to ensure that he as soon as possible receives detailed 
information about the damage that the ship has been sustained, in order to determine 
remedial action to be taken for ensuring the safety of the ship and its crew. 
Furthermore, the Master should also consider 

 

• Danger to the ship´s complement if the ship should slide off grounding site 

• Danger of ship being shattered by heavy seas or swell 

• Health hazards to the ship´s crew and surrounding population due to release of oil 
or other hazardous substances in dangerous concentrations 

• That fires may start due to released flammable substances and uncontrolled 
ignition sources 

• Should the damage which the ship has sustained be of such an extent that the 
stability cannot be computed on board, the Master should seek assistance. 
 

Also, the ship´s Master shall take into account the following considerations: 
 

• Is the vessel constantly being struck in the seaway? 

• Is the vessel exposed to torsion? 

• Is there a large difference in the tidal rangers at the grounding site? 

• Are there strong tidal currents in the grounding area? 

• May the vessel drift further up on the shore, due to high tides, wind and waves? 
 
Prevention of Fire and Explosion 
If the ship is aground and therefore cannot manoeuvre, all possible sources of ignition should 
be eliminated, and action taken to prevent flammable vapours from entering the machinery 
spaces or the accommodation. 
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Extension of Hull Damage / Containment System Failure 
First, a visual inspection should be carried out. Check for visible oil along hull or in wake of the 
ship during daytime. At night a stick with white cloth (or sheet of sorbent) around it may be 
lowered into the water alongside the ship to check for oil leakages. All ballast/ bunker tanks 
to be sounded (ullage), All other compartments which may have contact with the sea should 
be sounded to ensure that they are intact. 
Soundings of ballast tanks/ bunkers tanks are to be compared with last soundings to check for 
possible leaks. Sounding to be taken around the ship establish the ship´s position on the 
grounding area. When the ship is aground, due regards should be given to the indiscriminate 
opening of ullage plugs, sighting ports etc. as loss of buoyancy could be the result of such 
actions. 
 
Procedures to Reduce or Stop Outflow of Oil 
The Master should assess the possibility of damage to the environment and whatever action 
can be taken to reduce further damage from an oil release, such as: 

 

• Transfer of bunkers internally provided shipboard piping system is in an 
operational condition 

• If the damage is fairly limited and restricted, i.e. to one or two tanks, consideration 
should be given to transfer of bunkers internally from the damaged tank(s) to 
intact tanks, taking into account the impact on the ship´s overall stress and 
stability 

• Isolate damaged/ penetrated bunker tank(s) hermetically to ensure that 
hydrostatic pressure in tanks remains intact during tidal changes 

• Evaluate possibility of pumping water into a damaged tank inorder to form a water 
bottom stopping the outfow of oil 

• Evaluate the necessity of transferring bunkers to barges or other ships and request 
such assistance accordingly 

• Evaluate the possibility of additional release of oil. 
 
In case of large differences between the tide levels, the Master should try to isolate the 
damaged tank(s) to reduce additional loss of bunker oil. 
Re-floating by own Means 
The Master should also evaluate the question of re-floating the vessel by own means. Before 
such an attempt is made, it must be determined: 

 

• whether the ship is damaged in such a way that it may sink, break up or capsize 
after getting off 

• whether the ship after getting off may have manoeuvring problems upon leaving 
the dangerous area by own means 

• whether machinery, rudder or propeller are damaged due to grounding or may be 
damaged by trying to get off ground by own means 

• whether the ship may be trimmed or lightened sufficiently to avoid damage to 
other tanks in order to reduce additional pollution from oil/ bunker spillage 

• weather evaluation: whether there is time/ reason to await improvements in 
weather or tide. 
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Securing the Ship 
If the risk of further damage to the ship is greather in an attempt to refloat the ship by own 
means, than in remaining aground until professional assistance has been obtained, the ship´s 
Master should try to secure the ship as much as possible by: 

 

• Trying to prevent the ship from moving from ist present position 

• By dropping anchors (adequate water depth and anchor ground provided) 

• By taking ballast into empty tanks, if possible 

• Trying to reduce longitudinal strain on hull by transferring ballast or bunkers 
internally 

• Reducing fire risk by removing all sources of ignition. 
 

Fire/ Explosion 
Should an explosion and a fire occur on board, sound the GENERAL ALARM immediately. 
Further actions should be initiated in accordance with the ship´s Muster List. 
In case of fire and explosion the following priorities exist: 

 

• Rescuing lives 

• Limiting the damage/ danger to the ship and cargo 

• Preventing environmental pollution 
Collision 
Should the ship be involved in a collision with another ship, the Master should as soon as 
possible identify the extent of damage to his own vessel. When a collision occurs, the GENERAL 
ALARM should be sounded immediately for the personnel to muster at their designated 
Muster Stations. 

 
The following check list should assist the Master in assessing the situation: 
 

• Are any tanks penetrated above or below the waterline? 

• If ships are dead in the water and interlocked, what is most prudent, to stay 
interlocked or separate? 

• Is there any oil spill at present – small or large? Will a separation of the 
interlocked ships create a larger oil spill than if the ships stay interlocked? 

• If there is an oil spill, will the separation of the ships cause sparks that can 
ignite the spilled oil or other flammable substances leaked out from the ships? 

• Are the ships creating a greater danger to other traffic in the area if the are 
interlocked than if separated? 

• Is there a danger to either ship of sinking after being separated? 

• If the ships are separated, how is the manoeuvrability of the own ship? 
 

If separation of the ships takes place, alter course to bring the own ship windward of any oil 
slick, if possible. Shut down all nonessential air intakes. Isolate damaged/ penetrated tank(s) 
by hermetically closing the tank(s), if possible. When it is possible to manoeuvre, the Master, 
in conjunction with the appropriate shore authorities, should consider moving his ship to a 
more suitable location in order to facilitate emergency repair work or lightening operations, 
or to reduce the threat posed to any sensitive shoreline areas. 
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Hull Failure  
Should the ship loose one or more shell plating, develop major cracks, or suffer severe damage 
to the hull, the Master should immediately sound the general alarm to call the crew members 
to their Muster Stations, and inform them of the situation, and prepare lifeboats for launching 
if necessary. The Master should then assess the situation, and confer with his senior officers. 
The Master should obtain the latest weather forecast, and asses its impact on the present 
situation. Furthermore, the following questions should be considered and should be asked: 

 

• Is the ship in any immediate danger of sinking or capsizing? 
 

If YES: 
 

• Send distress message 

• Immediately abandon the ship 
 

If NO, initiate damage control measures as found necessary by considering the 
following points: 

 

• Can the vessel manoeuvre on its own? 

• Has the ship lost buoyancy? 

• If the ship has a list due to loss of ballast, cargo/ bunker or buoyancy, is it 
necessary and possible to rearrange the bunker or ballast by internal transfer 
operation in order to bring the ship to an even keel? 

• Is it necessary to dump cargo in order to maintain stability without changing 
the stress situation? 

• Can this operation wait till another ship/ barge can receive that cargo? 

• Is there any abnormal change in the ship´s stability and stress situation? 

• Can the change in the ship´s stability and stress situation be monitored and 
calculated on board? If not, the Master should seek assistance according to 
subparagraph 3.6 

• Does the ship need assistance or escort to nearest port of refuge or repair 
port? 

• Might it be prudent to salve part of the crew members in case the situation 
should worsen, or is it necessary to abandon the ship totally? 

 
Excessive List 
Should the ship for some reasons suddenly start to list excessively during discharging/ loading 
operations, or bunkering, all ongoing operations should be stopped immediately until the 
cause has been determined. The Officer on Duty should inform the Master and/ or Chief 
Officer without delay. The Master should try to determine the reason for the excessive list, 
and take steps to rectify the situation and to stabilize the ship´s condition: 

 

• Check reason(s) for list 

• Soundings/ ullage to be taken in all tanks 

• Bunker/ ballast pumps to be made ready 
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• Consider measures to minimize list in transferring liquid from one 
compartment to another 

• Ensure water tightness of empty spaces 

• Close all openings 

• Secure vent pipes to avoid ingress of water 

• If bunkering: Change to corrective tanks for rectifying the situation 

• If ballasting/ deballasting: Change to corrective tanks to rectify the situation 
 
Ship submerged/foundered/wrecked 
If the ship is wrecked to the extent that it or parts of it are submerged take all measures to 
evacuate all persons on board. Avoid contact with any spilled oil. Alert other ships and/or the 
nearest coastal state for assistance in rescuing lives and the ship as far as possible.  
Hazardous Vapour release 
In case of any vapour release out of the containment system precautions have to taken to 
protect the persons onboard against contamination. The ship should be brought with the 
accommodation upwind ot the spill area as far as possible. The crew should be evacuated from 
any area of risk. All possible sources of ignition should be eliminated, and non-essential air 
intakes shut down to prevent intake of vapour into accommodation and engine spaces. If 
unavoidable work has to be carried out within risk areas, the involved persons have to wear 
protective closing and breathing apparatus. 
 
3.2.4. National and Local Co-Ordination 
Quick efficient co-ordination between the ship and Coastal States or other parties involved 
becomes vital in mitigating the effects of an oil pollution incident. 
As the identities and roles of various national and local Authorities involved vary widely from 
state to state and even from port to port, the Master should take note of these particularities, 
as far as possible. In this context the Master should call upon the owners representatives in 
the state/ port of question to receive the relevant information. 
Prior to undertaking mitigation actions – especially in cases of an actual discharge of oil due 
to casualties in the territorial waters of a Coastal State – the Master should contact the Coastal 
State for authorization of his action. 
The Master should co-ordinate all his activities with the Coastal State. 
The Master should call the Coastal State for allowance to use chemical agents for response to 
oil pollution on the sea. Without authorization of the Authorities of the appropriate Coastal 
State no chemical agents should be used. 
Where no responsibility for discharge response by a Coastal State is noticed the Master should 
take all the necessary steps as deemed appropriate to minimize the escape of oil. 
 
3.2.5. Non-Mandatory Information 
In addition to the mandatory provisions required by Reg. 37, Annex I, MARPOL 73/ 78 which 
are mentioned in Sections 1 to 4 of this Plan, local requirements, insurance company or 
owner/ operator policies etc. may dictate the provisions of additional guidance. 
Such additional information material, including diagrams and/ or drawings, reference material 
etc., may be of help for the Master when responding to an oil pollution incident or an 
emergency situation as well as may be required by local Authorities in ports visited by the 
individual ship. 
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Therefore, for example the following additional information material may be attached to the 
individual Plan at the owner´s/ operator´s discretion and documented in the form that the 
Master/ company/ operator considers most effective. 

• Diagrams and additional ship´s plans (e.g. midship section plan, lines plan/ 
tables of offsets, tank tables, load line assignment, light ship characteristics, 
etc.) 

• Availability of response equipment (onboard spill equipment) and its location 

• Guidance for the keeping of appropriate records of the pollution incident (e.g. 
for liability, compensation and reimbursement issues) 

• Reference material (e.g. industry guidelines issued by various industry 
organization like ICS, OCIMF, SIGTTO, INTERTANKO, etc) 

• Procedures for Plan testing 

• Record-keeping procedures 

• Procedures for Plan review. 
 
3.3. Ship Energy Efficiency Management Plan (SEEMP) 
 
3.3.1. Background 
With the growing concerns over increasing greenhouse gases and consumption of fossil fuels, 
the maritime industry governing body IMO has taken positive steps by implementing the 
Energy Efficiency Design Index (EEDI), which monitors the amount of CO2 and harmful 
emissions from ships. The idea of Energy Efficiency Design Index (EEDI) is to improve the hull 
design and machinery operations and to reduce the CO2 emissions by increasing the ship’s 
overall efficiency. MARPOL Annex VI requires that All ships of 400 GT and above shall be 
equipped with a Ship Energy Efficiency Management Plan (SEEMP). SEEM plan needs to be 
developed and implemented by the shipowner to potentially reduce the operational cost of 
the ship which will eventually help in reducing the overall fuel consumption, including 
emissions and losses in the longer run. 
 
As the concept of EEDI has been introduced for newly built ships, IMO has developed and 
structured a special tool called the Ship Energy Efficiency Management Plan to measure and 
control GHG emissions from the already existing shipping fleet. The Ship energy efficiency 
Management Plan provides a practical approach for ship operators and ship management 
companies to manage operations and fleet efficiency performance over time using the Energy 
Efficiency Operational Indicator (EEOI) as a monitoring tool. 
 
The Ship Energy efficiency management plan to improve the efficiency of the ship can be 
implemented in various ways such as by optimizing the speed of the vessel, making a course 
change to tackle rough weather, hull cleaning in dry dock, installing heat recovery methods 
etc. All these methods help in increasing the ship’s efficiency and optimizing the ship 
operation. 
 
The SEEMP is a plan which is ship specific and has to be implemented according to the ship 
type, cargoes carried, ship routes, and other relevant factors. Hence, SEEMP cannot be 
implemented on a company or fleet level. Even two sister ships will need to have a separate 
Ship Energy Efficiency Management plan as they will be operating in different conditions. 
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However, a company operating multiple ships must have a more comprehensive energy 
management policy for all ships in its fleet, which will act as a base to form the SEEMP for an 
individual type of ship. The basics of creating the SEEMP for a particular ship is to estimate 
and determine the current energy consumption of the vessel and implement various measure 
to reduce the same. 
  
Enhancement of ship efficiency 
The primary objective of the SEEMP is to improve the overall operating efficiency of the ship 
on a long run by implementing correct and optimized methods for energy and fuel saving 
Reduction in fuel consumption 
Any ship operator will be happy to save more cost on the marine oil used as ship fuel. A critical 
function of the SEEMP is to implement methods which can reduce the overall fuel 
consumption of the ship as it leads to a reduction in air pollution and fuel cost, which is one 
of the significant operating costs of the vessel. 
 
3.3.2. Implementation of SEEMP  
SEEMP is ship specific plan which can be efficiently implemented on vessels in 4 steps: 
- Planning 
Before implementation of any method, there has to be “planning” of how the process should 
be implemented. Planning is the most critical step for implementation of SEEMP; it essentially 
defines the current status of the energy used by the ship and how the current energy 
consumption can be reduced further, by creating and implementing an effective plan. The 
shipping management company has to compile the energy consumption of the ship by 
different forms such as the use of fuel, machinery installed, the efficiency of the machinery 
and systems, condition of the ship’s hull and paint, last dry-dock record etc. Once the data has 
been collected, the Broader Corporate energy management policy of the company is taken as 
base to draw the SEEMP for the ship 
 
- Implementation 
Once the planning for SEEMP is in place, the next important step is to identify different ways 
of implementing the measures which were selected during the planning. The Ship Energy 
Efficiency Management plant will consist of implementation methods and roles/ responsibility 
of the stakeholders involved (Company representative, Ship operator, Seafarers etc.). 
Again, the implementation system has to be drawn during the planning stage to ensure 
smooth execution of SEEMP on the ship at the earliest. 
 
The company’s corporate energy management policy can come very handy if the 
implementation methods are specified in the same. This set method of implementation can 
be used during establishing SEEMP on an individual ship. Record keeping should be a part of 
all the stages post-planning stage as the records were taken during the implementation stage 
can be used for the later stage of self-evaluation, which will help in improvising the plan. 
 
- Monitoring 
Once the SEEMP is implemented on a ship, the monitoring of the plan will come into action, 
which will observe the effectiveness of the implemented SEEMP. There are pre-determined 
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approved methods of international standards available to monitor the performance of SEEMP 
such as EEOI (as per the Guidelines developed by the IMO – MEPC.1/Circ.684). 
EEOI is Energy Efficiency operational indicator which can be determined by the fuel 
consumption of the ship in a particular voyage carrying a certain amount of cargo. 
 
- Self-evaluation and improvement 
The result of Monitoring stages needs to be evaluated to understand the effectiveness of the 
SEEMP which will be done at the last stage. This stage highly depends on the constructive 
feedback which can be assessed to improvise the plan if needed, and the same is used to 
enhance the planning, implementation and monitoring stages.  These four stages work in a 
cycle and are interdependent for the evaluation and evolution of the complete SEEMP. It is 
the responsibility of the ship operator to ensure the feedbacks, results, and reports that came 
from different stages of the SEEMP cycle are tracked and assessed and the output from them 
is used to improvise the plan. 
 
The other focused area of SEEMP is to reduce GHG emissions while increasing operational 
efficiency of the ship, resulting in less fuel consumption. Following steps are taken to achieve 
efficient operation of the vessel under SEEMP: 
• Speed optimization: 
The speed of the ship determines the amount of fuel the main engine will use to propel the 
ship. An optimized speed is a speed at which the fuel consumption decreases without 
hampering the ETA to the next port. Slow steaming has been a proven strategy to reduce the 
fuel consumption of the ship saving hundreds of dollars in fuel cost to the owner. However, 
there are other problems associated with slow steaming, hence optimum speed Is determined 
by keeping all the factors in mind. 
Charter Party do play an important role as there agreements will allow ship operator to run 
the ship at optimized speed to achieve greater energy efficiency from the ship’s machinery. 
• Weather routing 
It is fascinating how ship tackles big storms out at sea. There have been no significant accidents 
lately of ship damages or sinking due to storms and rough weather as nowadays weather 
routing use advanced technology to predict the upcoming weather and to alter the course of 
the ship. 
This technology is very useful and helps in the energy efficiency of the ship as rough weather 
can slow down a ship and the engine need to put more power to propel against the tide or 
wind, leading to more fuel consumption. With weather routing, an altered course can solve 
this problem, making it safer for the ship’s crew and cargo and also saving fuel and increasing 
the energy efficiency of the ship. 
• Hull monitoring and maintenance 
Hull roughness of the ship is inversely proportional to the speed of the ship. This means that 
the engine of the ship has to work more to achieve the desired speed if the hull is rough. 
The hull roughness of the ship is analysed at regular intervals for cleaning and painting of the 
surface. A better and advanced system such as MGPS can reduce the marine growth on the 
hull and improve the overall energy efficiency of the ship 
• Efficient cargo operation 
The cargo operation at the port is a teamwork between the ship, port, agents and other parties 
involved (PSC, coast guard etc.). Good and clear communication between them will ensure 
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smoother cargo operation, leading to less time in port. This will help the ship to maintain the 
ETA for the other ports otherwise the ship has to sail at a higher speed for the next call which 
will lead to additional fuel consumption, affecting the energy efficiency of the ship. 
• Electric power management 
The ship’s electrical power plant generates enough energy to ensure all the propulsion, cargo, 
and other auxiliary equipment can be operational at any given time. The use of a generator at 
low load, use of multiple pumps etc., will lead to more fuel and electrical consumption, 
affecting the energy efficiency. The seafarers need to be trained on how to use ship’s 
machinery effectively so that the power consumption will be at an optimum level. 
 
Role of Seafarers in SEEMP: 
Seafarers play a crucial role in implementing the SEEMP onboard ship and also in providing 
the feedback, reports, performance etc. to the shore office which is further used to enhance 
the plan.  
Following are some of the essential roles which a seafarer plays in SEEMP: 
• Implementing the procedure as laid down in the SEEMP 
• Monitoring the performance of the SEEMP procedures and how it is affecting the ship 
operation 
• Collecting reports, and sending the logs, performance etc. to the company for evaluation 
• Establishing a safety and sustainability culture onboard ship to add to the energy efficiency 
of the ship 
• Efficiently managing the cargo operation when in port and maintaining the ship’s machinery 
to avoid breakdown and delays to the shipping schedule 
• Implementing correct and modern navigation technique for the optimized voyage planning 
 
SEEMP is not a set rule of operations, and it has to evolve in terms of providing better energy 
saving solutions than the previous ones. The improvisation of SEEMP highly depends on the 
different parties involved in the shipping operation such as Port operator, Ship owners, 
shipyard, ship managers, seafarers etc 
 
3.4. Proactive measures to protect the marine environment 
It is a proven fact that the marine industry amasses millions of tons of garbage and waste 
products from day-to-day operations each year causing massive marine pollution.  
Shipping industry, which is wholly accountable for the marine and cargo transportation, is one 
of the potent sources for pollution at sea. With over 70% water covering our planet, marine 
industry is booming each passing day. With such rapid industrial growth, the marine ecological 
system is bound to get perturbed by unwanted issues such as those of the marine wastes and 
effects of marine pollution. Marine waste and the associated garbage have been proclaimed 
as being majorly responsible in polluting the world’s oceans. 
To oversee that the shipping industry abides to the international laws and regulations, Marine 
Environmental Protection Committee (MEPC) and similar other groups have been formed.  
These Marine Environmental groups play an important role in controlling and downsizing the 
wastes produced due to the maritime operations. With the acceptance of Hong Kong 
International Convention for the Safe and Environmentally Sound Recycling of Ships in May 
2009, a significant improvement in ship recycling and waste management has been observed. 
Garbage from ships 
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IMO conventions such as MARPOL Annex 5- Garbage from Ships and other related guidelines 
have to some extent been able to streamline the waste and garbage management onboard 
marine vessels by implementing methods such as Garbage Management Plan for Ships . This 
also makes it vital for the vessels’ waste management teams to work together in order to 
understand and comply with waste reduction, recycling and management. 
 
Reducing Waste on Ships to Reduce Marine Pollution  
Waste and Garbage generated onboard ships which contribute to marine pollution comprise 
of chiefly plastics, dunnage and packing material, cleaning material and rags, paper products, 
food waste, remains of paints, solvents and chemicals. Proper handling of these waste 
products is critical to prevent marine pollution. Maximum efforts should be put into waste 
reduction and management to permit a safe and healthy work environment onboard as well 
as preserving a pollution free marine ecosystem.  In order to reduce the waste, seafarers 
should take an active part in efficient ship operations and in reducing garbage production on 
ships. 
 
All marine operators to put in place waste and garbage management system with proper 
stowage and segregation procedures for various categories of waste materials such as plastics, 
batteries, food wastes, dunnage, metallic wastes, chemicals, etc.  Companies should imply 
strict adherence to the MARPOL regulations and maintain zero dumping policy onboard their 
fleet. Procedures to dispose- off waste in safe and ecologically friendly environment should 
be included in the waste management manuals in order minimize marine pollution. 
Wastes such as plastic, metals, glass, batteries, medical wastes, oily rags, sludge, waste oils, 
etc. those which cannot be disposed off at sea should be incinerated or given away to shore 
reception facilities. 
 
Compactors should be used effectively to reduce the volumes of mainly plastics and other 
waste material which can be compressed. 
Food waste can be comminated and discharged at sea. Also, to ensure vessels are complying 
with the 2013 MARPOL amendments to Annex V. 
Newer techniques which separate glass from mercury and metal should be allowed onboard. 
As far as possible, reduce the production of oily waste and sludge. Usage of clean and treated 
fuel will not only generate lesser sludge but also will be environmental friendly.  In order to 
improve the performance of the OWS, it is a better idea to install emulsion breaking filters on 
the separators. 
The marine operator’s Environmental Management System (EMS) should be maintained 
onboard which in turn would raise the waste management standards and also reciprocate to 
the zero discharge policy for solid wastes that can be incinerated onboard and ashore. 
Tip for Recycling Waste on Ships 
 
Recycling waste is a new concept to reduce marine pollution that is being implemented 
onboard marine vessels especially the cruise liners where waste generated is four folds as 
compared to that produced by conventional marine operations. Waste management 
programs should institute effective waste recycling for a better environment even on 
conventional marine vessels and installations. Specials steps should be taken to minimize 
marine pollution from cruise ships. 
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Things that could be included to prevent marine pollution by ships are, but not limited to;  
 
- Ship Owners and marine operators to effectively prepare, constitute and implement a Waste 
Recycling and Management Plan for recycling techniques and procedures that could be carried 
out at sea. 
- Paper could be reused in many ways for day to day operations.  
- Dunnage such as cardboard can be used for additional coverings.  
- Common recycle bins for reusable items could be a good bet. 
- Compactors should be used for crushing voluminous materials such as plastics, paper, metal 
cans, etc. Such materials should be put in recycling bins or containers. 
- Items such as computers, television set, music boxes, etc. that are no longer required or 
useable onboard should be given away to local shore organisations. 
- Old grease, waste oil, and similar other oil based products could be used as alternative 
lubricants or be used up for cleaning rough stains /marks. 
-  garbage bags should be replaced with marine ‘bio degradable’ refuse bags for disposing-off 
food waste. Such bags could also be used up for storage and / or compression of garbage 
accumulated onboard. Plastic has been termed as one of the main sources of marine pollution. 
- It is also imperative to understand the effects associated by air emissions which are caused 
due to colossal amounts of energy usage.  
- Replacing the conventional halogen and the incandescent light bulb with the new age LED 
bulbs or similar fluorescent lights which consume lesser energy should be given due 
consideration onboard marine vessels and installations. 
- Recycling of glass bulbs can be done with the help of lamp crushers which segregate mercury, 
metal caps while allowing for the crushing of glass. 
- Batteries are again an environmental hazard and should be disposed off ashore to approved 
shore reception facilities. Batteries could also be recycled onboard using special units / devices 
leading to separation of Lithium, Lead and Cadmium. 
 
Finally, the fleet managers should engage in having interactive sessions with the crew 
members for reducing marine pollution, motivating them to protect the environment through 
proper stowage, segregation and handling of waste generated at sea.  With the adoption and 
implementation of such waste reduction and recycling management programmes ship 
owners, marine managers and the personnel at sea would be able to display immaculate levels 
of concern for the marine ecosystem. 
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4. Oil Pollution and Offshore Activities 
4.1      Introduction  
We know that the Oil Pollution is a contamination of any ecosystem, by oil or other petroleum 
products and an Oil Spills is an oil discharged accidentally or intentionally, that floats on the 
surface of water bodies as a discrete mass and is carried by the wind, currents and tides. 
“Offshore” originally meant islands in the open sea belonging to a country.  
The term “offshore” means “off the coast”.  
Offshore oil and/or gas activities refer to the activities that employ the offshore facilities (in 
contrast with onshore facilities) for the purpose of oil and/or gas exploration, exploitation and 
production.  
These offshore exploration activities often take place in the exclusive economic zone and on 
the continental shelf where exclusive jurisdiction is granted to the coastal state under the 
United Nations Convention on the Law of the Sea (UNCLOS). 
Offshore facilities employed during such activities may include offshore platforms (fixed or 
floating), offshore storage/loading systems, sub-sea facilities, wells, offshore pipelines, 
offshore drilling units and other associated offshore equipment’s, constructions and 
installations. 
Offshore oil and gas exploration requires a constant support from offshore vessels in order to 
transport temporary drilling units and in fixing fixed units. 
These vessels are : 
For deep offshore projects by : 
• specialized vessels such as PSVs (platform supply vessel), 
• AHTS (anchor handling tug supply vessel for towing and anchoring),  
• MPSVs (multi porpose supply vessel) equipped with underwater robots (drilling, 
maintenance, repairs),  
• FSIVs (fast support intervention vessels),  
• personnel ships and rescue vessels (see details below). 
 
For coastal projects:  specialized vessels (Workboat or Multicat type vessels). 
The activities  that allow the operation of equipment installed in the open sea are :  
• towing, 
• installation and maintenance of this equipment,  
• their supply (various equipment, food),  
• transport of their personnel and their safety as well as pollution control. 
After the temporary offshore drilling units have completed their jobs of initial oil / gas 
production, the site is replaced by permanent offshore oil / gas production structures or 
platforms.  
Some of the main types of permanent oil production systems that are used are : 

• Floating Offshore Production Systems :  

• semisubmersible and drill ships, 

• Offshore Production Systems: 

• Tension Leg Platform (TLP), 

• Spar Platforms, secured to the ocean floor by a complex network of cables and 
tendons, 
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• Subsea Production System, 

• Shuttle tanker, which helps to maintain a steady constancy in the oil and gases’ supply 
chain. 

But it must be mentioned that oil platforms are not all the same. Some of them are used to 
drill the seabed, while others are used to mine the seabed for oil. 
4.2 Pollution Risks in Offshore Oil and Gas Operations 
The operation of an oil platform generates risks not only by its activity but also by the naturally 
dangerous environment in which it is located. 
The most lethal element in offshore life often comes from harsh weather conditions, bad 
equipment design, insufficient emergency procedures, and poor enforcement of protocols. 
Thankfully, countries have improved their offshore regulations and created better equipment 
as a result of the disasters that have occurred, but these come as a result of hundreds of 
deaths. 
Investigational reports on some of the world’s worst offshore oil rig disasters suggest that 
most of these accidents could have been avoided. 
To be noticed that some of the disasters have relatively little reliably information available. 
Some governments work to hide away what happened, but often the chaos of an emergency 
is enough to obscure the truth. 
The platforms run many risks such as blowout, instability of the seabed, sinking, collisions, 
defective equipment and structural failures and poor safety procedures. 
4.2.1 Blowout risks 
Blowouts are the most common cause of offshore drilling rig explosions and oil spills. Rig 
blowouts occur when an uncontrolled oil or gas release from the well occurs due to the failure 
of pressure control systems. 
The example of the explosion of the Deepwater Horizon oil rig on April 20, 2010 seems perfect 
to illustrate this point. 
This accident caused the death of 11 rig workers and a spill of more than four million barrels 
of oil into the Gulf of Mexico. 
4.2.2  Instability of seabed 
Placement of infrastructure on the seafloor, such as anchors and pipelines, will directly disturb 
the seabed and cause a transient increase in local sedimentation. Typically, 8–12 anchors are 
used to moor a semi-submersible drilling rig.  
As anchors are set, they are dragged along the seabed, damaging benthic organisms and 
leaving an anchor scar on the seafloor. 
Also, the weakening of the seabed, following a thermal destabilization of methane hydrates, 
is likely to lead to landslides and therefore constitutes a danger for oil drilling, production or 
transport installations (pipes, gas pipelines,…).  
In addition, the spontaneous formation of gas hydrate in oil installations creates the risk of 
the obstruction of pipes. We can also note the possibility of deformation of the wells. Indeed, 
it can happen that the wells become oval under the effect of the pressure. 
Ex : Elgin platform in the North Sea, March 25, 2012 
Another element of seabed instability is owing to gravity,  wave, or  earthquake forces  and 
may  result  in  massive  submarine  slide.  This phenomena is one of the important factors  
affecting the safety of the facilities, such as pipelines, oil storage tanks, oil production 
platforms in ocean areas. 
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4.2.3   Sinking risk 
Extreme weather conditions such as typhoons, hurricanes, storms, and rouge waves also lead 
to explosions, as well as the flooding, capsizing, and sinking of the drilling rigs in the high seas. 
The most notable instances of rig capsizing and sinking due to the forceful winds and high 
waves are :  

• the Alexander L Kielland disaster (March 1980) in the Norwegian Continental Shelf that 
took 123 lives,  

• the Seacrest Drillship disaster (November 1989) in the Gulf of Thailand that killed 91,  

•  the Ocean Ranger oil rig disaster (February 1982) in the North Atlantic Sea, 
Canada that took 84 lives, etc… 

• As a recent example, the Abkatun Permanente oil platform explosion (August 2015) in 
the Gulf of Mexico that claimed four lives was caused due to the extreme waves hitting 
the platform tower. 

 
4.2.4  Collisions 
Collisions resulting in oil and gas leakages, as well as water flooding, have also been one of the 
most common causes of drilling rig disasters. 
 
4.2.4.1  Defective equipment and structural failures 
While natural disasters remain an inherent risk, faulty equipment and structural defects 
constitute a major cause of drilling rig disasters. The malfunctioning of equipment and the lack 
of seaworthiness of the drilling platforms have been attributed as the main reasons for some 
of the biggest offshore drilling rig disasters. 
For example, the capsizing of the Alexander L Kielland platform (March 1980), Norway’s worst 
offshore disaster that killed 123 people, occurred due to the failure of one of the bracings 
attached to one of the platform legs to withstand strong winds and high waves. 
Another example of how the malfunctioning of a single piece of equipment can lead to a full-
blown disaster is the Deepwater Horizon disaster, which was caused due to the failure of the 
blowout preventer. 
 
 4.2.4.2  Poor safety procedures 
Offshore drilling, needs extraordinary caution and the implementation of proper safety 
protocols. 
EX : The Piper Alpha disaster (July 1988) in the UK North Sea, the world’s deadliest offshore 
oil rig accident that killed 167 people, was caused due to a communication error that resulted 
in a tragic safety lapse. 
 
Nota : THE MAIN SOURCES OF INFORMATION AVAILABLE  A worldwide review identified more 
than twenty entities (government agencies, professional organizations, research institutes, 
and consulting firms) having accident recording in this activity sector among their functions. 
The five main sources of fundamental information on the accidents related to the exploration 
and exploitation of hydrocarbons are: 
• the DNV “WOAD” database, 
• the SINTEF “Blowout” database, 
• the IOGP “WCID” database, 
• the PSA website and 
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• the BSEE website. 
 
4.3     Offshore Pollution Liability Association (OPOL) Agreement 
 
The origin of the international liability regime on marine oil pollution is the Torrey Canyon 
disaster of 1967. That was the catalyst for work on liability and compensation on international 
level. 
The outcome was the creation of the International Oil Pollution Compensation (IOPC) 
compensation regime. 
4.3.1  Preliminary notes 
Liability refers to the legal obligations incumbent on the perpetrator of damage resulting from 
his acts or omissions. This concept is complex in « Common law » but becomes "Obscure" 
when it comes to offshore oil installations.  
Indeed, while experience and hindsight allow us to learn from our mistakes in order to adapt 
our responses and behavior to future situations, the history of oil rigs is still recent and there 
are still many questions. 
The primary conventions are the : 
• Civil Liability for Oil Pollution Damage 1992 (CLC 92) and  
• the complementary International Convention on the Establishment of an International 
Fund for Oil Pollution Damage 1992 (Fund Convention).  
Neither of these two conventions applies to oil rigs  
Generally, there is a lack of an international mechanism to treat the oil pollution damage 
arising from offshore installment.  
The main reasons for the absence of a binding uniform approach are two fold : 

- The first reason is that compared with the oil pollution arising from vessels , there is 
quite low chance for the oilwell blowout incidents incurred , thanks  to  the edge 
offshore technology  and the well-built prevention regulations, 

- The second reason is the fact that the majority of offshore operations take place on 
the continental shelf which falls the scope of the national jurisdiction of the coastal 
States, therefore National laws are the redress method. 

As mentioned above, it is the responsibility of the individual state to stipulate regulations 
regarding liability regime.  
Therefore in this thesis, three jurisdiction, namely the United Kingdom, Norway and the USA 
are intitled to illustrate how domestic law stipulates the liability and compensation. 
These three countries are good examples of a regulatory and liability regime that protects the 
environment while ensuring economic growth. 
4.3.2   Liability Regimes in offshore : State and Regional 
There are two categories of international law that are most fundamental in this field : 
 
The first category concerns The United Nations Convention on the Law of the Sea 1982 
(UNCLOS 1982). 
By this convention, the coastal states were conferred the right to explore and exploit the 
mineral resources of their  continental shelves. It provides a general legal framework for the 
adoption of legal regimes dealing with sea-related activities. 
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The offshore oil platforms located in the EEZ and Outer Continental Shelf (OCS) falls into each 
nation’s jurisdiction and regulation regime. 
 
Article 235 of UNCLOS requires states to “ensure that recourse is available in accordance with 
their legal systems for prompt and adequate compensation or other relief in respect of 
damage caused by pollution of the marine environment by natural or juridical persons under 
jurisdiction.” 
 
States shall “cooperate in the implementation of existing international law and the further 
development of international law relating to responsibility and liability for the assessment of 
and compensation for damage and the settlement of related disputes, as well as, where 
appropriated, development of criteria and procedures for payment of adequate 
compensation, such as compulsory insurance or compensation funds.” 
 
Article 22 of Annex III provides that the contractor and the state authority shall be liable for 
its wrongful act during operations or when exercising its functions. The liability shall in theory 
be to the full and actual amount of damage. 
 
The second category concerns the IMO conventions that stipulate member states’ 
responsibility to establish legal mechanism on safety , prevention and respond to oil spills.  
It concern of :  

- MARPOL73/78  
Article 2 of MARPOL defines a ship as “a vessel of any type whatsoever operating in the marine 
environment and includes hydrofoil boats, air-cushion vehicles, submersibles, floating craft 
and fixed or floating platforms”. Therefore, a ship under MARPOL may cover offshore facilities 
only when they are “fixed or floating platforms”. 
Annex I of MARPOL which is the Regulations for the Prevention of Pollution by Oil, provides 
that fixed or floating offshore oil rigs must comply with the requirements “applicable to ships 
of 400 tons gross tonnage and above other than oil tankers”. 

- THE OPRC CONVENTION specifically applies to ships and offshore units. 
The Convention requires state parties to establish a national or regional system “for 
responding promptly and effectively to oil pollution incident”, and it further encourages 
international co-operation in pollution response. 
There are also several IMO guidelines regulating personnels who work on oil platform such as 
"Recommendations on Training of Personnel on Mobile Offshore Units” and “Convention on 
Standards for Training, Certification and Watch Standing (STCW)”.  
 
4.3.3   Specific standards 
Additionally, compliance with a number of standards is required by insurers. The provisions 
below, guarantee compliance with international maritime safety standards. 
 
ISM (International Safety Management) standards: widespread in marine insurance [5], these 
provisions also apply to service vessels and mobile platforms of more than 500 tonnage units. 
ISM standards have been applicable since July 1, 2002. 
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Oil rigs STCW standards (Convention on Standard of Training, Certification and Watchkeeping 
for Seafarers) : this convention regulates the qualifications of aircrews on an international 
scale. Adopted in 1978, applied in 1984 and revised in 1995, it was the first international 
convention to require a minimum level of education and training for on-board personnel. 
Applicable only to machines with an autonomous means of propulsion, these standards have 
been extended to all offshore mobile drilling, exploration and exploitation machines. 
 
The MODU code (Mobile Offshore Drilling Units) : it is specific to offshore platforms. Adopted 
in 1989, it obliges operators, members of the IMO (International Maritime Organization), to 
respect the principles set by the international convention of 1966. A revised version is to come 
into force in 2012. This standard aims to establish standards for the construction of mobile 
drilling rigs. However, certain provisions of the code allow MODU standards to be applied to 
all mobile oil platforms whose flag States have adhered to the IMO resolution. 
 
However, when a well is discovered and drilling activities have to take place, the term of 
Mobile Drilling Units (abbreviated as MODU) will be used. These qualify as SHIPS the oil 
platforms.  
Hence, maritime international conventions (like the Bunker Convention) or national legislation 
(so as the US OPA) apply also to damages caused by oil platforms. 
 
But concerning the liability, at the international level, there is in fact no convention dealing 
directly with offshore-related damage and there is no international legal liability regime for it.  
The reason is that many members of IMO think that offshore liability is outside the scope of 
the IMO, which is primarily focused on  shipping. 
 
For this reason regional or bilateral arrangements are preferred to a truly IMO initiative. 
 
 
4.3.4  Offshore liability regimes: regional arrangements 
 
In 1972, the UN Conference on the Human Environment established an action plan and 
instituted the United Nations Environment Programme (UNEP), part of which resulted in the 
development of a framework convention for now 13 regional sea programmes.  
Today, more than 143 countries participate in 13 Regional Sea Programmes established under 
the auspices of UNEP. In addition, there are five partner programmes for the Antartic, Artic, 
Baltic Sea, Caspian Sea and North-East Atlantic regions. 
 
The North Sea 
OSPAR : Convention for the Protection of the Marine Environment of the North-East Atlantic 
of 1992 (OSPAR Convention), which was adopted on 22 September 1992, and entered into 
force on 25 March 1998 
The essential principles enshrined in the OSPAR Convention are : 

- the precautionary principle,  
- the polluter pays principle,  
- the use of best available techniques and best environmental practice, and  
- clean technologies, where appropriate. 
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- Nordic Convention 

The Scandinavian countries have their own regional arrangement in addition to participating 
in the OSPAR Convention. 
Article 3 establishes that anyone who suffers damage caused by environmentally harmful 
activities in another contracting state shall have the right to institute proceedings for 
compensation before a court or administrative authority of that state.  
It further provides that “The question of compensation shall not be judged by rules which are 
less favourable to the injured party than the rules of compensation of the State in which the 
activities are being carried out.” 
 

- Mediterranean Sea 
The Mediterranean Sea borders 21 countries and 3 continents. All these countries participate 
in the Barcelona Convention 1995/2004, being the Convention for the Protection of the 
Marine Environment and the Coastal Region of the Mediterranean. 
Article 7 provides that parties to the convention shall combat pollution resulting from  
offshore operations. 
Article 12 provides that the parties shall “cooperate as soon as possible in the formulation and 
adoption of appropriate procedures for the determination of liability and compensation for 
damage resulting from the pollution of the marine environment.” 
 

- The Baltic Sea 
In the Baltic Sea, the Helsinki Convention 2000 applies. It requires the application of the « 
polluter pays » principle. 
 

- The Black Sea 
In the Black Sea, there is a regional sea program known as the Bucharest Convention, the 
Convention for the Cooperation in the Protection of the Black Sea against Pollution, 1992. The 
two EU member states that are in this region, Bulgaria and Romania, are both parties to the 
Bucharest Convention. 
Concerning the  liability for pollution damage caused by offshore activities, the Bucharest 
Convention has only some general provisions. It requires parties to adopt rules and regulations 
on liability for pollution damage from offshore operations, with the aim of ensuring “the 
highest degree of deterrence and protection for the Black Sea as a whole”.  
The Bucharest Convention states that the compensation should be prompt and adequate with 
recourse for redress in accordance with the legal systems of the parties. 
 
The Conventions and regional arrangements are not sufficient for the evaluation of the 
function of various legal regimes on offshore activities. Therefore, the examination of 
individual states’ national laws on offshore activities remains necessary. 
 
4.3.5  The  EU regime on offshore activities 
The North Sea has sufferd many offshore accidents. Just to name a few: Alexander Kielland 
(1980), Piper Alpha (1988), Forties Alpha (2003), Gullfaks C (2010) and Gannet Alpha (2011) 
are incidents that occurred in the North Sea and have increased concerns on consequences of 
those incidents in Europe as well. 
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Prior to the occurrence of Deepwater Horizon, there was no separate European  regime 
dealing particularly with offshore pollution issues. This one was established in 2013 by the 
Directive 2013/30/EU, which extend the application of ELD in the offshore. 
The Directive 2004/35/EC of the European Parliament and of the Council of 21 April 2004 on 
environmental liability with regard to the Prevention and remedying of environmental 
damage (ELD) establishes a framework based on the polluter pays principle to prevent and 
remedy environmental damage. 
The Directive 2013/30/EU edict that the operator, together with the licensee and owner, 
should always bear the primary responsibility for safe operations, and they are not allowed to 
delegate their liability through contract.  
Even when the accident was caused due to actions or omissions by contractors, “these rules 
will make sure that the highest safety standards already mostly in place in some Member 
States will be followed at every oil and gas platform across Europe”. 
 
 
4.3.6  Offshore liability regimes, exemple of OPOL 
 
The arrangements seen above, are abonded by special funds which could be : 

- Public compensation funds, 
- Professionals funds : were created on the initiative of the private persons for objectives 

of commercial strategy in order to control their commercial extension and to preserve 
their financial balance which is threatened by serious pollution generating a heavy 
compensation.  

 
The 1970’s were thus marked by the creation of a number of private funds intended to finance 
oil spill clean-up operations and compensation for victims.  
There are essentially three funds, two of an international character and relating to pollution 
by ships, namely the funds created by the TOVALOP and CRISTAL plans and a third which has 
a regional character and relating to oil pollution from offshore platforms, named OPOL. 
The funds created by these plans are different, but we are going to study only OPOL, which is 
specially designed for off-shore activities. 
Since the early days of North Sea exploration, there was no specific legislation dealing 
particularly with the offshore oil pollution damage.  
The principle applied was « KFK » (knock-for-knock). 
Broadly speaking, Knock For Knock (KFK) clauses set out that each party is liable for loss of or 
damage to their property and personnel, regardless of any fault or negligence of any other 
party.  
In this way, exposures are quantifiable, insurance isn’t duplicated meaning costs are saved, 
and extensive and costly litigation on liability becomes unnecessary. 
However, over the years, and particularly recently, this position has changed, with alternatives 
that made it less clear-cut. 
Some countries in the region of UK decided at the end of 1976 to establish a legal regime to 
cover the damage caused by offshore pollution incidents.  
They have signed on 1 May 1977 the Convention of « Civil Liability for Oil Pollution Damage 
resulting from Exploration for and the Exploitation of Seabed Mineral Resources (CLEE) ».  
However, the ratification of an international convention is a long process.  
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OPOL thus came into effect as an interim measure while waiting for the ratification of the 
CLEE. It was created by 16 oil companies then operating on the British continental shelf in 
order to provide a mutual guarantee allowing them to compensate victims of pollution 
damages resulting from their offshore activities. 
This agreement is originally administered by a company incorporated under English law, the « 
Offshore Pollution Liability Association » Limited, a not-for-profit company. 
In the end, the CLEE could not come into effect and the UK government decided its interest 
might be better protected through the continuing function of OPOL. 
Initially limited to the British continental shelf, OPOL was extended to facilities under the 
jurisdictions of Denmark, Germany, France, Isle of Man, Faroe Islands, Ireland, Norway, from 
Greenland and the Netherlands. 
OPOL covers escapes or discharges of oil from offshore facilities of any “designated state” 
specified in the OPOL agreement.  
Under the OPOL regime, the liable parties are operators of the offshore facilities, used for oil 
and gas exploration and production and the liability is strict for pollution damage and cost of 
remedial measures. 
Here it is therefore not necessary to prove fault or negligence and the victim already knows 
who will be his interlocutor in order to obtain compensation. 
The geographical criterion used to take into account the damage is the location of the oil 
platform (which must be in waters subject to the jurisdiction of the OPOL agreement); it does 
not matter whether the pollution damage and the measures taken to mitigate it occur in 
waters not covered by the agreement. 
To be a member of OPOL is a pre-condition for license for offshore operators. 
The offshore facilities covered by OPOL include:  

- wells,  
- drilling units,  
- platforms,  
- offshore storage/loading systems,  
- pipelines, situated to seaward of the coastal low water line, including gas wells when 

being drilled, recompleted or worked upon.  
 
They do not include abandoned wells, installations or pipelines, or facilities for the production 
treatment or transport of natural gas or natural gas liquids. 
The exemptions of liability are when the incident is caused by following reasons: 

- act of war or force majeure; 
- wholly caused by an act or omission done with intent to cause damage by a third party; 
- wholly caused by the negligence or other wrongful act of government authority, or 

resulted from compliance with conditions imposed or instructions given by the 
government; or resulted wholly or partially, either from an act or omission done with 
intent to cause damage by a claimant, or from the negligence of that claimant. In such 
a case, the operator shall be exonerated wholly or partially from his obligations to the 
claimant. This is known as a comparative negligence defence. 

 
The OPOL liability limit has been reviewed on a number of occasions. In August 2010, as a 
consequence of the Deepwater Horizon incident, the liability limit was increased to 250 
millions USD, and this entered into effect as of 1 October 2010. 
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This sum seems ridiculous if we remember that compensation after the Deepwater Horizon 
disaster was estimated at $ 61 billions. 
In addition, the OPOL association asks each of its members to have sufficient financial capacity 
to assume the consequences of a possible disaster and to maintain them throughout 
operations. Members may have recourse to insurance or self-insurance mechanisms in order 
to prove sufficient financial capacity.  
Clause III § 2 of the OPOL agreement obliges members to pay compensation if one of them 
fails. This mechanism therefore makes it possible to guarantee compensation to victims. The 
victims can be private persons but also States, municipalities but also public bodies. 
Despite everything, the agreement remains incomplete due to its limited geographical scope 
and the low compensation ceiling provided for. We can also regret the absence of an 
independent authority responsible for ensuring the transparency and effectiveness of the 
system. 
 
4.4.   Oil Spill Response 
 
The severity of the impact of an oil spill depends on a variety of factors, including 
characteristics of the oil itself. Natural conditions, such as water temperature and weather, 
also influence the behavior of oil in aquatic environments. 
 
4.4.1   Legislative Background 
 
The International Convention on Oil Pollution Preparedness, Response and Cooperation 
(OPRC Convention) as adopted by the International Maritime Organisation (IMO) in 1990, 
entered into force in the United Kingdom (UK) on 16 December 1997 and was implemented 
for offshore oil and gas operations by the OPRC Regulations. 
 
The Offshore Safety Directive : it requires that certain information regarding emergency 
response measures is included in the « Internal Emergency Response Plan (IERP) » which forms 
part of the Report on Major Hazards (Safety Case).  
In the UK, the IERP is delivered jointly by the OPEP (Oil Pollution Emergency Plan) and the 
emergency response plan required by PFEER (Prevention of Fire and Explosion and Emergency 
response). 
 
In order to implement those elements of the IERP relating to oil pollution response, the OPRC 
Regulations were amended on 19 July 2015.  
The amended regulations introduce the concept of the Responsible Person and require that 
the Responsible Person or Operator of the Oil Handling Facility must have an OPEP in 
accordance with the requirements of the amended OPRC Regulations which must be prepared 
in accordance with this Guidance.  
 
The Offshore Installations (Emergency Pollution Control) Regulations 2002 : are made under 
section 3 of the Pollution Prevention and Control Act 1999 to provide the Secretary of State 
with intervention powers to prevent and reduce pollution and the risk of pollution following 
an accident involving an offshore installation. 
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4.4.2   Prevention of SPILLS 
 
Spills from offshore facilities can occur due to leaks, equipment failure, accidents, or human 
error.  
Guidelines for release prevention and control planning are provided in the General « 
Environment , Health and Safety (EHS) Guidelines », including the requirement to develop a 
spill prevention and control plan.  
Additional spill prevention and control measures specific to offshore oil and gas facilities 
include the following tasks: 
• spill risk assessment for offshore facilities and support vessels, 
• Design process, utility, and drilling systems to reduce the risk of major uncontained 
spills, 
• Blowout Prevention System (BOP) during the drilling phase and valves during 
commissioning for production—including subsea shutdown valves, if required—for the 
reduction of risk and to allow early shutdown or isolation in an emergency, 
• adequate corrosion allowance for the lifetime of the facilities and/or installation of 
corrosion control and prevention systems in all pipelines, process equipment, and tanks, 
• maintenance and monitoring programs to ensure the integrity of well field equipment, 
• leak detection systems.  
• Emergency Shutdown System, 
• adequate personnel training and field exercises in oil spill prevention, containment, 
and response, 
• spill response and containment equipment must be routinely inspected, maintained 
and operationally exercised and tested, 
• documents and reports for all spills, as well as near misses. Following a spill or near 
miss, carry out a root cause investigation and undertake corrective actions to prevent 
recurrence. 
 
4.4.3    Spill Planning 
If a pollution occurs, two things are essential : HAVE A PLAN and FOLLOW THE PLAN !! 
A Spill Response Plan (SRP) is a Contingency Plan that should be prepared, and the capability 
to implement the plan should be in place.  
The three major steps involved in controlling oil spills plan are CONTAINMENT, RECOVERY AND 
CLEANING. 
The SRP should address potential oil, chemical, and fuel spills from offshore facilities and 
support vessel—including tankers—and pipeline ruptures and leaks.  
It SRP should include all appropriate oil spill response tools and options in order to allow 
responders, in cooperation with the appropriate authorities, to develop response strategies 
that mitigate environmental impacts to the greatest extent practicable.  
The plan should also include the following: 
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• A description of operations, site conditions, product(s) characteristics, expected 
seasonal current and wind data, sea conditions and water depth, and logistical support 
arrangements, 
• A spill risk assessment, defining expected frequency and size of spills from potential 
release sources, including an assessment of foreseeable scenarios, 
• Ranking of foreseeable spill scenarios in terms of potential severity, with tiered 
response approaches for each, 
• Identification of persons responsible for managing and participating in spill response 
efforts, their specific training requirements, responsibilities, authority, roles, and contact 
details, 
• Sensitivity mapping of marine and coastal environmental habitats, associated wildlife, 
and socioeconomic resources that could be affected by spills generated by offshore oil and 
gas development and production activities, 
• Cooperative measures with government agencies, if appropriate, and relevant 
notification process and procedures, 
• Arrangements and procedures to mobilize external resources in responding to larger 
spills and strategies for their deployment, 
• Full list, description, location, and use of on-site and off-site response equipment and 
the response times for deployment, 
• Strategies for containment and recovery of floating oil, including use (and limitations) 
of mechanical recovery equipment and chemical dispersants, 
• Methods to maximize recovery and response capabilities (e.g., remote sensing, aerial 
observation and command and control, infrared, RADAR, etc.), 
• Shoreline protection and cleanup strategies, 
• Measures to rehabilitate wildlife such as seabirds, mammals, and turtles, 
• Handling instructions for recovered spilled oil, chemicals, fuels, or other recovered 
contaminated materials, including their transportation, temporary storage, and disposal 
• Measures to be taken to protect health and safety of oil spill personnel. 
 
The SRP should clearly define storage and maintenance instructions for Tier 1 spill response 
equipment and relevant routine inspection, testing, and exercises.  
In addition, each offshore facility and group of facilities should install and maintain a 
meteorological and marine data monitoring station for planning simulation and response 
activities. 
 
4.4.4   Some practical rules for the response  
- An emergency response team should be established for the offshore facilities. Such a team 
should be trained to respond to emergencies, rescue injured persons, and perform emergency 
actions, 
- The team should coordinate actions with other agencies and organizations that may be 
involved in emergency response, 
- Personnel should be provided with adequate and sufficient emergency response equipment, 
including medical emergency equipment and evacuation devices, 
- These devices shall be appropriately located for the evacuation of the facility, 
- Lifeboats should be available in sufficient numbers for the entire workforce. These lifeboats 
should be enclosed, fire-resistant crafts with trained lifeboat operators,  
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- Ice-capable vehicles should be in place for the evacuation from facilities in frozen waters.  
- Sufficient lifejackets, lifebuoys, and survival suits should also be provided. 
- Helicopters should not be considered as the primary means of evacuation. 
- Exercises in emergency preparedness should be practiced at a frequency commensurate with 
the risk associated with a project or facility. 
At a minimum, the following practice schedule should be implemented: 
•  Drills without equipment deployment as a minimum on quarterly basis, 
• Evacuation drills and training for egress from the platform under different weather 
conditions and at varying times of day, 
•  Annual mock drills with equipment deployment, 
• Regular training, updated as needed and based on continuous evaluation. 
  
Remark : Globally there are a number of organizations and programs involved to mitigate the 
impact of oil spills.  
In the case of a major oil spill disaster in European and adjacent waters, EMSA, conducting the 
CleanSeaNet service, together with the International Charter (Space and major disasters) will 
provide rapid access to satellite derived information about the areas affected by or at risk of 
serious pollution.  
The International Charter consists of multiple agencies such as ESA, CNES, NOAA and USGS 
and aims to provide a unified system of space data acquisition and delivery to those affected 
by natural or man-made disasters. More examples of organizations and programs involved in 
oil spill monitoring and management involve OSPAR, IMO, UNEP, FAO and EEA.  
 
 
4.5    Clean-Up Strategies and Methods – Overview  
 
The beginning of trying to Clean-up is determining the volume of a spill. 
If a cleanup crew can reach the site of the spill, containment and skimming technologies can 
efficiently begin the process. Large sponges called sorbents can also be used to absorb much 
of the oil.  
However if time, wind, and tides are working against the crew, the task becomes more 
formidable as the oil spreads. 
The natural elements can eventually through time cause the breakdown of oil by the process 
of evaporation, thus, many spills are left alone. Controlled burning is even used under the right 
conditions. 
In some regions dispersants are employed to speed up the natural process of the breakdown 
of oil.  
Unfortunately many dispersants are dangerous to wildlife. Frequently fertilizers rich in 
phosphates and nitrates are spread over an oil slick in hopes that these chemicals will cause 
microorganisms such as dinoflagellates to bloom and eat up the oil. Recently some 
researchers have genetically engineered bacteria to breakdown oil.  
No matter which method is employed, the processes of cleanup and remediation are nasty 
and costly. 
 
In 1989, the Exxon Valdez spill resulted in legislation that changed cleanup procedures in three 
significant ways: 
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  1) Owners of the vessel or rig causing the spill became responsible for paying for 
cleanup; 
  2) The U.S. Coast Guard became responsible for overseeing cleanup; and 
  3) Companies leasing rigs had to file extensive plans for cleanup before they were 
issued permits to begin drilling. 
 
 
4.5.1 Types Of Oil Spills recovery and Clean-Up Methods  
 
• Using floating barriers, called Booms. The use of oil booms is a straightforward and 
popular method of controlling oil spills. ... 
• Using Skimmers, 
• Using Sorbents, 
• Burning In-situ, 
• Using Dispersing agents, 
• Hot Water and High-Pressure Washing. ... 
• Using Manual Labour, 
• Chemical stabilization of oil by elastomizers, 
• Bioremediation (branch of biotechnology that employs the use of living organisms, like 
microbes and bacteria, in the removal of contaminants, pollutants, and toxins from soil, water, 
and other environments. Bioremediation is used to clean up oil spills or contaminated 
groundwater), 
• Natural recovery. 
 
The treatments follow a general rule:  
• 200 nautical miles and beyond – No treatment is used unless the case is very severe. 
• Between 20 and 200 nautical miles, booms and skimmers may be used. 
• Between 20 and 10 nautical miles, dispersants are used. 
• For areas very close to the shoreline, biological agents are used.  
(All distances measured from the shoreline) 
 
These are only general rules that can be altered, based on the type of oil that has been spilt 
and the prevailing weather conditions.  
No two oil spill cases are the same, so each one is evaluated individually based on its own 
merit. 
 
4.5.2 Techniques Used for Deepwater Horizon 
 
As the result of the Deepwater Horizon accident off the coast of Louisiana, several new ways 
of containing and stopping the spill—nearly 5,000 feet beneath the surface—were attempted.  
One method involved placing a large four-story containment box over the point of the leak in 
hopes that it would channel the oil to be collected.  
The next attempt involved threading a pipe into part of the broken pipes still connected to the 
blowout preventer.  
Another method relied on shooting mud, golfballs, and pieces of tire into the blowout 
preventer, hoping to fill the holes.  
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All these methods have shown their limits. 
Several weeks later, engineers used robots to cut off part of the broken blowout preventer 
and then affixed a second blowout preventer as a cap. Over several days, they began closing 
vents on the second blowout preventer, monitoring the pressure to ensure the well's integrity.  
Even after permanently sealing the well, though, cleanup continued for many months. 
 
 
4.5.3. Detection and monitoring of slicks 
4.5.3.1 Introduction 
 
Ocean pollution captured the headlines in 2002 with the Prestige accident off the Spanish 
coast, as it previously did during the Exxon Valdez, Erika, and Aegean Sea accidents. 
Yet the vast majority of oil pollution occurs every day due to offshore operations and 
intentional discharges on important shipping routes, such as the Mediterranean, the Baltic 
Seas, the Atlantic Ocean, and the Malacca Strait. 
Surface slicks can also be natural, of either biological (made by photooxidation, bacterial 
decomposition, and other plankton and fish releases) or of geological origin (deep-sea-floor 
seeps). 
It is estimated that 10% of the ocean surface is covered by natural slicks or oil spills. 
Slick detection is relevant for many applications. Slicks must be taken into account in climate-
change models since they act as a natural barrier against sea/air fluxes [1]–[3]. Moreover, in 
order to fight illegal discharges and in the case of accidents, we need to know precisely where 
polluted areas are and their drift has to be estimated in order to protect coastal zones. 
Slicks are observed on seas all over the world and half of the satellite images present at least 
one dark patch. 
Oil spill response now includes remote sensing as an essential component.  
The public expectation is that oil spill extent and location are precisely mapped. Response 
personnel can use this location information to implement countermeasures to minimize the 
effect of pollution. Remote sensing is used to check for illegal discharges from ships.  
This is important, in view of unacceptable seabird mortality resulting from illegal discharges. 
The end use of remote sensing data is an important consideration and depends on the oil spill 
remote sensing equipment utilized. For a given function, several types of systems may be 
needed. 
The data end use, such as spill location, enforcement or cleanup support, may require a 
specific resolution or other characteristics of the data. 
There are general uses of oil spill sensed data: 

- oil spill mapping for both tactical and strategic countermeasures. 
- slick detection and surveillance. 
- gathering of legal evidence. 
- law enforcement such as regarding ship discharge. 
- direct support for oil spill countermeasures; 
- slick trajectory determination. 

 
4.5.3.2   Detection and maping of Oil on a Water Surface 
The detection and mapping of oil on a water surface is the most common uses of oil spill 
remote sensing. This is carried out using either active of passive means. 
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- Passive Means of Detection and Mapping 
- The use passive observation of the sea surface to detect and map oil spills include the 

techniques of using cameras in the visible and infrared spectra. Other wavelengths 
such as ultraviolet and near infrared are less frequently used. 

- Use of Optical Techniques, 
- Use of the Infrared (IR), 
- Ultraviolet (UV), 
- Satellites Operating in the Optical Region, 
- Image Processing, 
- Passive Microwave Sensors. 

 
4.5.3.3  Use of Active Sensors for Oil Spill Detection 
 

- Cameras : could be enhanced by adding specific filters or polarizing lenses, 
 

- Laser Fluorosensors : generally being applied to surveillance of illegal discharges  
Laser fluorosensors use the phenomenon that oil aromatic compounds interact with 
ultraviolet light, absorb the light energy, and release the extra energy as visible light [33]. The 
absorption and emission wavelengths are unique to oil. Other substances in water, such as 
chlorophyll, fluoresce at distinctive wavelengths thus giving oil a unique signature. 
 

- Radar : Radar processing is now very advanced. Ship-mounted radars has provided 
very good tactical support for oil spill recovery vessels. 

 
- Automated airborne drone : may be the tactical and operational support platform for 

the future. At this time, drones are equipped with visible and infrared cameras. 
 

- Satellite Radar Systems 
Currently there exist various satellite remote devices including optical, SAR (Synthetic 
Aperture Radar) and laser fluorosensors. Laser fluorosensors very accurately detect oil spills 
on shores, ice and snow and are capable of identifying what type of oil has been spilled. They 
require however relatively cloud free conditions. SAR sensors do not depend on weather 
conditions or day/night cycle. 
To mitigate ship sourced pollution there has been established a European wide system for oil 
slick detection based on SAR images from satellites. This service is called CleanSeaNet (CSN) 
and uses information provided by satellites such as RADARSAT-1 and RADARSAT-2. 
CleanSeaNet offers a near real time marine oil spill detection service free of charge to all EU 
Member States, Candidate countries and European Free Trade Association (EFTA) Coastal 
States.  
 In case of oil slick detection, an alert message is sent to end users and final verification of 
possible oil slicks and the polluter is then carried out by surveillance patrol vessels.  
SAR imagery is also used for vessel detection. The integration of vessel tracking data, vessel 
detection and auxiliary Earth Observation products allows for aggregated maritime 
information and greatly contributes to the reduction of illegal oil spills at sea and the 
prosecution of illegal activities. 
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4.5.3.4  Detection of Oil on the Sea Bottom 
Sunken oil is a problem. Several methods have been used to remotely detect sunken oil : 

 Ultrasonics, 
 Laser Fluorosensors, 
 Cameras, 
 Chemical analysis. 

 
 4.6  Crisis and Media Management  
 
4.6.1  What is a crisis ? 
 
“A crisis may be defined as an organisationally based disaster, which causes extensive damage, 
social and economical disruption, and involves multiple stakeholders.” 
Understand what is and is not a crisis. A crisis endanagers your reputation and ability to recruit 
and retain staff and clients. 
The hazardous nature of seafaring, shipbuilding and port operations is obvious. This means 
the threat of a crisis is constant for many businesses. And when things go wrong it can become 
a huge national and international news story.That’s why, the Media Management becomes 
an essential element in the crisis management. 
Crisis management is defined as a series of steps an organization performs to deal with a 
catastrophic event. A crisis disrupts business operations, threatens to harm people, damages 
your reputation, and negatively impacts your finances. 
Before the internet, crisis management was confined to traditional media like broadcast, 
radio, print and press releases.  
While those strategies may have been sufficient in the past, they aren’t equipped to manage 
the most ubiquitous information source on the planet : Google. Social media is now changing 
very much the way in which news, views, images and video is spread. 
Shipping is neither immune nor invisible from this change, and companies need to react 
positively and find ways of managing and responding to the challenges of protecting their 
reputation. 
Prestige Oil Disaster 
« Never in the history of Spain has an environmental disaster aroused such public outcry, 
exerted such a political impact, or elicited such media coverage as the Prestige oil spill. »  
 
Deepwater Horizon : 
The media attention to the Deepwater Horizon oil blowout in the Gulf of Mexico in April 2010 
was such intense that Tony Hayward, British Petroleum’s former harried CEO, famously 
remarked: «   ‘No one wants this thing over more than I do ... I’d like my life back.’ » 
 
Over recent decades globalisation and growing reliance upon digital technologies have 
transformed the news media, intensifying new forms of political activism.  
Today the media politics of oil spills has to be considered in the context of a rapidly changing 
global communications environment where many news sources have developed increasingly 
sophisticated strategies for targeting media and shaping news agendas. 
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The internet, particularly for activists, is increasingly providing an important co-ordinating tool 
and a key source of alternative first-hand images and narratives that challenge official 
accounts. 
The news- worthiness of particular oil spills is influenced by a number of factors including:  
• closeness to home,  
• socio-economic aspects, and  
• the symbolic and visual dramatisation of the  incident  (Anderson,  2002).   
 
Dramatic oil tanker spills or explosions tend to be much more likely to attract  high levels of 
coverage compared with oil leaking from pipes and storage tanks.  
Also, the amount of news media attention may be strongly affected by the location in which 
the accident occurs and its symbolic visual importance.  
A major reason explaining the intensity of media reporting devoted to the Exxon Valdez oil 
spill in the United States was that  the disaster happened in Prince William Sound. This is a 
setting that has great symbolic significance for Americans since it is viewed as the ultimate 
wilderness, the last frontier, while at the same time viewed as an important natural resource 
to exploit. 
The case of Deepwater Horizon is a textbook case that must be analyzed in order to better 
understand the effects of communication and media management in the event of a major 
crisis 
 
4.6.2   The importance of and media management during a maritime emergency 
To be considered : 
• When a maritime emergency occurs, everyone involved is usually pushed out of their 
comfort zone, 
• In the heat of a crisis it can be easy to take the wrong approach to information and 
stakeholder management – or simply forget about them, creating a dangerous information 
vacuum, 
• In a digital world information can spread globally within seconds and opinions are 
formed very quickly. And once they are formed, they are difficult to change, 
• If initial opinions are negative the reputation of the ship, rig owners, operators, 
charterers or managers can be affected and have an impact on eventual compensation, 
• Social media and smart phones have changed the way maritime incidents are reported 
(The public armed with iPhones are now journalists), 
• Every crisis and incident can be and probably will be filmed, recorded and broadcast, 
• Whether companies are ready or not, social media spreads the story, and bad news 
travels quickly, 
• There are a number of recent examples where maritime incidents have been recorded 
and shared in real time as they have happened via social media. 
 
Lessons from this : 
• Identifying potential crisis in advance can prevent them happening – this is the most 
effective crisis management, 
• The most important factor is to prepare for incidents like oil spills by having a 
communication plan, but do not make it too prescriptive to one type of crisis, so everyone 
knows the procedure they should follow. This needs to be a plan for handling the media, 
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developed proactively as a response to risk, not in response to an actual incident. It is also 
vital to have a social media strategy and social media protocols in place on your vessels and 
for your employees, 
• Review, test and update your crisis plan with training drills finding weaknesses. You 
must not face a real crisis without practise, 
• It should be a separate team responsible for stakeholder and media communication 
and protecting the organisation’s reputation. And it should have authority to act, within 
agreed parameters, 
• Another important factor is speed. It is important to determine and communicate your 
messages before others take control of the agenda so you influence public perceptions before 
opinions are formed. This requires an agreed protocol, agreed generic messages, an available 
spokesperson, and immediate access to social, online and broadcast media, 
• Provide mental health support and counselling to care for your people caught in a 
traumatic or demoralising crisis 
• Prioritise key media that reach your audience, 
• Those affected by a crisis are using social media to pursue their own agendas and to 
influence government, regulators and other stakeholders. An organisation, therefore, should 
ensure it is able to monitor and respond immediately to critical commentary. 
 
 
4.6.3  Tips for the Media management  
 

- Get real: Perhaps the most important aspect of media management is assessing what 
the problems potentially are, and deciding to deal with them, 

- Philosophy: Just as with any other maritime issue; whether safety, the environment or 
security – there needs to be a top down approach to the issue of media management, 

- From crisis to opportunity: When anything goes wrong in the marine adventure the 
focus is on limiting the negative effects and liability, 

- Responsibility: In deciding on a need for action and a philosophy, there needs to be 
responsibility and accountability within the company, 

- Explain the facts :  All communication during a crisis must be based on facts, which 
should be explained logically in simple language – and possibly pictures or diagrams – 
so people understand the situation and what you are doing about it. Importantly, 
never cover up or speculate. If you try to cover up, you are likely to be found out, 

- Give your company a human face. Impersonal statements place you at a disadvantage 
when your company is being attacked passionately by environmentalists and those 
affected. You should have at least two spokespeople who are fully trained to 
communicate your messages sympathetically and calmly, without appearing flustered 
or defensive. Having someone as the designated spokesperson, who knows what to do 
and when, what to say and how is a key position, role and responsibility in any shipping 
company, and there is a vital need to have someone in place. , 

- Consider encouraging independent commentary. People are often more prepared to 
listen to commentators they trust – whether journalists or academics – than to the 
company involved, 
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- Be flexible : While you should stick firmly to the agreed strategy and crisis 
communication procedures, be prepared to change them if the situation changes – 
which often does happen during an ongoing crisis, 

- People problems: Does the company have policies and protocols in place when it 
comes to social media usage onboard or in the office? Does the company deal 
effectively with seafarers and employees, making sure they are aware of not just the 
rules in place, but the implications of breaking them? If the answers are no, then a 
rethink is urgently needed, 

- Relationships: From reporters and journalists through to seafarers, relationships are 
key when it comes to media management, communications and public relations. Wise, 
open and friendly management is far more likely to bring results than trying to clamp 
down on employees, or in having conflict with the media, 

- Soft touch: Unfortunately at sea, the temptation is all too often to impose some 
draconian rules for communication which make seafarers feel even more isolated and 
cut off, 

- Don’t panic: Preparation and realism are the key elements of media management. 
Having a plan and knowing how to shape a message and narrative  are important 
considerations which need to be made long before something bad happens. It is of 
course easy to say “don’t panic” – but harder in practice. The more a company has 
prepared the easier it is to deal with the fallout, 

- And finally, be flexible. While you should stick firmly to the agreed strategy and crisis 
communication procedures, be prepared to change them if the situation changes – 
which often does happen during an ongoing crisis. 

 
Conclusion 
The right measures can be introduced and applied fairly easily, by being sensible, aware and 
thinking about what can go wrong.  
Positive media management can help when the worst happens but can also bring real benefits 
for a business when things are going well. 
And don’t forget the familiar quote from Warren Buffet that could be adapted to a crisis :  
 “IT TAKES 20 YEARS TO BUILD A REPUTATION AND FIVE MINUTES TO RUIN IT”  
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5.1.  Substantiation of Environmental Standards in Shipping Activity 
5.1.1 Environmental effects of shipping 
Accidental oil spills in the 1960s, caused widespread coastal pollution and seabird mortality, 
triggering the International Convention for the Prevention of Pollution from Ships (MARPOL).  
MARPOL is the main international convention to prevent marine pollution by ships from 
operational or accidental causes.  

• Additionally, the International Maritime Organization (IMO) uses various instruments 
to protect the marine environment from shipping activities.  

• Nevertheless, marine transportation still generates negative impacts on the marine 
environment, including air pollution, greenhouse gas emissions, releases of ballast 
water containing aquatic invasive species, historical use of antifoulants, oil and 
chemical spills, dry bulk cargo releases, garbage, underwater noise pollution; ship-
strikes on marine megafauna, risk of ship grounding or sinkings, and widespread 
sediment contamination of ports during transshipment or ship breaking activities. 

 
5.1.2 The use of standards in shipping safety :  background and  legal international rules ( ISM 
Code, STCW, ILO MLC 2006…) 
The Standard matches several definitions : 

• something considered by an authority or by general consent as a basis of comparison; 
an approved model, 

• a rule or principle that is used as a basis for judgment, 

• an average or normal requirement, quality, quantity, level, grade, etc. 
Some standards are recognitive in nature, others are compulsory : it’s about technical and 
legal standards. 
The legal standard is drawn up by a normative authority recognized by civil society. It is 
characterized by its unilaterality ; 
The technical standard is mainly the work of private organizations expressly authorized or not 
by the State. It is the product of consultation between several private persons, in particular 
the representatives of all the economic actors concerned by its development. 
In a constant search for the improvement of legal tools to impreuve safety, IMO and ILO 
realized in the 90s that international law is based on general prescriptions and  leaving a wide 
margin of appreciation to States that was unsuitable for shipping context. 
Thus, through the ISM code and the STCW and Maritime Labour conventions, they have 
created a body of international law standards which largely transcends the traditional criteria 
of distinction between technical and legal standards.  
In addition, technical standards being at the same time legal ones, having already existed in 
other conventions. 
Exemples : 

• The SOLAS convention specifies minimum safety standards for the construction, 
machinery, equipment and operation of ships. Flag states are responsible for ensuring 
compliance of their ships with SOLAS requirements, and certificates are prescribed as 
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proof that this has been done. Using port state control, contracting states can inspect 
ships of other states on a non-discriminatory basis. 

• COLREGS sets out technical and seamanship rules for ships on the high seas and in all 
other waters navigable by seagoing vessels connected thereto, including bays, straits, 
territorial seas and EEZs etc. 

 
 
5.1.3 Environmental Standards and Certification Programs 
 
In response to the harmful effects on the environment produced by ships, the marine shipping 
industry has adopted standards and certification programs aimed at encouraging ship owners 
and operators, industry providers and port authorities to adopt more sustainable practices in 
order to reduce their environmental footprint. 
Here after the most impportants of them : 

➢ Environmental Standards 
o ISO 14001 : will be developped later, 
o Energy Efficiency Design Index (EEDI) :  established by the International 

Maritime Organization in order to promote the use of more energy 
efficient equipment and engines on board vessels and thereby reduce 
greenhouse gas emissions. 

➢   Voluntary Environmental Certification Programs 
o Green Marine : North American voluntary environmental certification 

program based on the principle of continual improvement, 
o Environmental Ship Index : assesses the environmental performance of 

ships based on their level of polluting emissions, especially nitrogen 
oxides (NOx) and sulphur oxides (SOx), 

o Green Award : environmental incentive program designed for marine 
companies, industry service providers and port authorities. Through an 
audit of the operational policies and procedures, Green Award certifies 
leading companies and ships whose practices surpass industry 
standards,  

o Clean Shipping Index : global environmental classification index that 
assesses the performance of ships based on five parameters: sulphur 
oxide (SOx), nitrogen oxides (NOx) and carbon dioxide (CO2) emissions, 
suspended particles emissions, environmental toxicity, water pollution 
and residual materials management, 

o RightShip : organization that helps marine industry stakeholders 
manage the environmental risk associated with their operations, 

o Clean Cargo : initiative aimed at reducing the environmental impact of 
the transportation of goods worldwide, and at promoting sustainable 
marine transportation.  

 
Benefits and Value of Environmental Certifications in the Marine Shipping Industry 
Environmental certifications and badges help improve the global environmental performance 
of the commercial marine shipping industry and raise awareness among its stakeholders.  
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By using clear indicators and incentives such as reduced port fees, environmental certification 
programs make it easier for shipowners, port authorities, marine service providers, shipyards 
and others to implement more sustainable practices and technologies. 
By providing the information required to make more sustainable choices, environmental 
certification programs help make responsible supply more accessible to businesses who use 
or who wish to use marine shipping as part of their commercial activities. 
 
5.2 Series of Standards Iso 14000 
 
5.2.1. Quality concept and birth of ISO 
The organization which today is known as ISO began in 1926 as the International Federation 
of the National Standardizing Associations (ISA).  
This organization focused heavily on mechanical engineering. It was disbanded in 1942 during 
the second World War but was re-organized under the current name, ISO, in 1946. 
After the World War II, States found that there were many aspects of businesses that were 
incompatible from country to country. Quality standards were very diverse, and the need for 
a single standard led to the creation of what we now know as ISO 9001. 
If the origin of Quality can be found from the origin of mankind, the concept of quality 
experienced the most important development in the 20th century, in particular due to the 
modernization and intensification of production. 
Several stages should be noted : inspection, quality control, quality assurance and finally Total 
quality or Integral quality management. 
At the end of the ‘70s, ISO was given the task of launching the study of international standards 
to provide the necessary assistance to organizations and enterprises which were considering 
adopting or improving their quality system. 
It was not until 1987 that the first ISO quality standards came, under the acronym of ISO 9000. 
It was referred to as a “quality assurance standard,” with ISO 9000 being the guidance 
document. The actual certification standards were divided into three parts: 

• ISO 9001 was for organizations that conducted design, production and servicing. 

• ISO 9002 was the standard for production and servicing companies that did not do 
design. 

• ISO 9003 was applicable to organizations that neither designed nor produced products, 
such as those engaged in testing and distribution. 

The governmental bodies that controlled their version/translation of the standard did not 
want to take on a policing function. That led to the evolution of certification organizations. 
Early on, agencies such as the American Bureau of Shipping (ABS) and Det Norske Veritas 
(DNV) added ISO 9000 certification services to their core businesses of certifying sailing 
vessels.  
The national accreditation bodies created a credentialing system for the certification 
companies to audit and grant certificates of conformance to individual organizations that 
demonstrated compliance with the standard. 
Infact, the quality audit is no longer the work of a body mandated by the client, but is carried 
out under the aegis of an international network with national intermediaries issuing 
certificates. 
Curently, there are three key families in the ISO products : 
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▪ ISO 9001 standards : it defines requirements for the implementation of a quality 
management system for organizations wishing to continuously improve customer 
satisfaction and provide compliant products and services. 

▪ ISO 14001 standards : it is applied to the environmental management system to meet 
the environmental concerns of stakeholders. 

▪ ISO 50001 standard : is an international reference that offers an energy management 
system to improve energy performance. 

 
 
5.2.2. Quality management and assurance system 
 
A quality management system (QMS) is defined as a formalized system that documents 
processes, procedures, and responsibilities for achieving quality policies and objectives.  
A QMS helps coordinate and direct an organization’s activities to meet customer and 
regulatory requirements and improve its effectiveness and efficiency on a continuous basis. 
ISO 9001:2015, the international standard specifying requirements for quality management 
systems, is the most prominent approach to quality management systems.  
While some use the term "QMS" to describe the ISO 9001 standard or the group of documents 
detailing the QMS, it actually refers to the entirety of the system.  
Implementing a quality management system affects every aspect of an organization's 
performance.  
Benefits of a documented quality management system include: 

• Meeting the customer’s requirements, which helps to instill confidence in the 
organization, in turn leading to more customers, more sales, and more repeat 
business, 

• Meeting the organization's requirements, which ensures compliance with regulations 
and provision of products and services in the most cost- and resource-efficient 
manner, creating room for expansion, growth, and profit. 

 
Remark : Unlike certification of conformity, quality assurance certification is not based on a 
verification of the quality of products or services, but on the quality of the production process: 
if the latter conforms to accepted standards, then the final product will be considered to be of 
the required quality ! 
 
ISO 9001:2015 is the most recognized and implemented quality management system standard 
in the world. It specifies the requirements for a QMS that organizations can use to develop 
their own programs. 
Other standards related to quality management systems include the rest of the ISO 9000 series 
(including ISO 9000 and ISO 9004), the ISO 14000 series (environmental management 
systems), ISO 13485 (quality management systems for medical devices), ISO 19011 (auditing 
management systems), and ISO/TS 16949 (quality management systems for automotive-
related products). 
 
5.2.3. Adaptation of the concept of quality assurance in shipping companies: 
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After the sinking of Herald of free Enterprise, IMO adopted the resolution A.596 the same 
year.  
The MEPC and the MSC have developed guidelines for the management of the safe operation 
of ships and the prevention of pollution, adopted in 1989 by resolution A. 647. 
After a new maritime disaster, it was decided to make this last resolution compulsory. After a 
long process of consultation and negotiation, the States finally came to an agreement and, the 
IMO assembly adopted in 1993 a last resolution A.741 bearing the ISM Code. 
The goal of IMO was to put in place specific procedures allowing companies to ensure optimal 
safety management. The idea of taking the ISO 9002 standards as a reference came quickly in 
1991.  
Indeed, these standards were already applied voluntarily by ship managers in their relations 
with their customers, in particular the oil companies. 
Thus, almost all of the 18 chapters of the ISO standard are dealt with in the ISM code, even if 
the correspondences are sometimes made through different chapters of the latter. 
But there are differences between the two: 

➢ the ISM code relates to safety and environmental protection, while the ISO 
9002 standard of quality assurance, 

➢ the objectives of the ISO standard and the code are different : when the 
purpose of the code is to create the best safety conditions at sea by changing 
behavior, the ISO 9002 standard seeks product conformity to customer 
requirements, 

➢ the code is applied in the relations maintained by the ship and its company with 
the Flag State, while the ISO standard is inserted in the contractual relationship 
between the customer and its supplier, 

➢ finally, the ISM code is applicable by law when the ISO 9002 standard is 
voluntary. 

 
 
5.2.4. ISO 14000 Standards Overview 
 
ISO standards bring for the world economy, governments and society overall a positive 
contribution to the world we live in. They guarantee essential aspects: quality, ecology, safety, 
economy, reliability, compatibility, interoperability, compliance, efficiency and efficiency.  
They facilitate trade, promote knowledge sharing and help disseminate technological progress 
and good management practices. 
The actual environmental standards of ISO 14000 deal with how a company manages the 
environment inside its facilities and the immediate outside environment.  
However, the standards also call for analysis of the entire life cycle of a product, from raw 
material to eventual disposal.  
These standards do not mandate a particular level of pollution or performance, but focus on 
awareness of the processes and procedures that can effect the environment.  
        
It should be noted that adherence to the ISO 14000 standards does not in anyway release a 
company from any national or local regulations regarding specific performance issues 
regarding the environment. 
 



 

64 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the 

views only of the authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information 

contained therein” 

 
5.2.4.1 The ISO 14000 family 
 
The ISO 14001 is not the only standard for environmental management in place at companies 
around the world.  
In fact, the ISO has issued an entire family of ISO 14000 standards. Other standards can assist 
with the implementation of ISO 14001 (e.g. the guidelines of ISO 14004 and 14005) or the 
realization of specific requirements (e.g. ISO 14031 for environmental performance 
evaluations and ISO 14063 on environmental communication). 
Key Standards in the ISO 14000 family are : 

▪ ISO 14001: Environmental management systems – Requirements with guidance for use 
▪ ISO 14004: Environmental management systems – General guidelines on 

implementation (ISO 14004:2016) 
▪ ISO 14005: Environmental management systems – Guidelines for a flexible approach 

to phased implementation 
▪ ISO 14007: Environmental management – Guidelines for determining environmental 

costs and benefits 
▪ ISO 14006: Environmental management systems – Guidelines for incorporating eco-

design 
▪ ISO 14008: Monetary valuation of environmental impacts and related environmental 

aspects – Requirements and guidelines 
▪ ISO 14031: Environmental performance evaluation 
▪ ISO 14050: Environmental management – Vocabulary 
▪ ISO 14063: Environmental communication 

Environmental labels and declarations : 
▪ ISO 14020, 21, 24-26, 
▪ Quantitative environmental information, environmental technology verification 

ISO 14033, 34 
▪ Eco-efficiency and life cycle assessments 

ISO 14040, 44-46 
▪ Material flow cost accounting 

ISO 14051, 55 
▪ Greenhouse gas emissions 

ISO 14064-67 
 
 
5.2.4.2 New standards: 
 

▪ ISO 14045 : will establish the principles and requirements for eco-efficiency 
assessment,  

▪ ISO 14067 : on carbon footprint of the products will provide requirements for GHG 
quantification and communication associated with products, 

▪ ISO 14069 : will give guidelines that will allow organizations to calculate the carbon 
footprint of their products, services and their supply chain, 
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▪ ISO 14005 ; will contain guidelines for phased implementation of an environmental 
management system to facilitate the adoption of the EMS approach by small et 
medium size enterprises, 

▪ The ISO 14006 : standard therein partner will provide guidance on eco-design. 
 
 
5.3 The Iso 14001 : The International Standard For Environmental Management Systems 
(EMS) 
 
ISO 14001 determines the standards relating to the environmental management systems of 
organizations.  
To meet the standards and be eligible for ISO 14001 certification, interested organizations 
must meet a set of requirements, including those of having a management system and an 
environmental policy, and of drawing up a list of possible environmental impacts of their 
activities. 
For example, a ship operator wishing to obtain ISO 14001 certification should, among other 
things, determine the significant environmental risks and impacts associated with the loading 
and unloading activities of his ships and set concrete objectives with a view to achieving them. 
mitigate. Once these requirements have been met, participants must undergo a compliance 
audit after which they are awarded ISO 14001 certification. 
In the shipping industry, Classification societies are able to certify ISO 14001 shipping 
companies that meet the eligibility criteria. 
ISO 14001 is a global and sector-independent standard for the introduction and continual 
improvement of Environmental Managing System (EMS) in companies around the world. As 
a global standard, it offers an effective framework for working towards the UN Sustainable 
Development Goals, set by 2030. 
The structure of ISO 14001 certification is divided into 10 sections.  
Out of them, the first three are introductory in nature, whereas the last seven contain the 
specifications for implementation of Environmental Management System (EMS). Let’s 
understand the last seven sections in details: 
 

✓ SECTION 4- Context of the organization: This section deals with understanding the 
requirements of your organization for implementing the Environmental Management 
System. 

✓ SECTION 5- Leadership: This section emphasizes on the role of top management on 
implementation of EMS. It requires the management to effectively communicate the 
roles and responsibilities to the entire workforce. 

✓ SECTION 6- Planning: This includes analyzing the current system in place and risk 
analysis, in order to set objectives for effective EMS. It also involves analyzing the 
organization’s interaction with the environment as well as its legal obligations. 

✓ SECTION 7- Support: It includes management of all the resources for your EMS, 
including the control of documented information. 

✓ SECTION 8- Operation: It deals with operational requirements for environmental 
control. It also includes preparing the organization any potential emergency. 
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✓ SECTION 9- Performance evaluation: This is to ensure that your EMS is efficient. It 
involves monitoring and measurements for assessing the current system and 
identifying the scope for improvement. 

✓ SECTION 10- Improvement: This ensures that your EMS is effective. It includes constant 
review of conformity of your EMS with the set standard of ISO 14001. 

 
5.3.1 The PLAN-DO-CHECK-ACT (PDCA) Cycle 
The Plan-do-check-act cycle is a four-step model for carrying out change.  
Just as a circle has no end, the PDCA cycle should be repeated again and again for continuous 
improvement. The PDCA cycle is considered a project planning tool. 
We can summarize the requirements that ISO 14001 sets out for an EMS as per the PDC cycle 
as follows : 

➢ PLAN : Recognize an opportunity and plan a change 
 
Clause 4: Context of the organization 
Clause 5: Leadership 
Clause 6: Planning 
 

➢ DO : Test the change. Carry out a small-scale study 
 
Clause 7: Support 
Clause 8: Operation 
 

➢ CHECK : Review the test, analyze the results, and identify what you’ve learned. 
 
Clause 9: Performance evaluation 
 

➢ ACT : Take action based on what you learned in the study step. If the change did not 
work, go through the cycle again with a different plan. If you were successful, 
incorporate what you learned from the test into wider changes. Use what you learned 
to plan new improvements, beginning the cycle again. 

 
Clause 10: Improvement 
 
5.3.2  Steps to implement ISO 14001 EMS 
 
Preparation : 

➢ Information/decision-making phase 
➢ Team-building and training 
➢ Project planning 
➢ Kick-off (information session for employees) 

 
Implementation : 
 

➢ GAP analysis for ISO 14001 requirements vs. regulations of existing management 
systems 
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➢ Monitoring implementation of actions 
➢ Internal communication of milestones reached 

 
 
Certification: 

➢ Internal audit 
➢ Obtain quotations for certification 
➢ Certification audit (separate or integrated)  

 
 
5.3.3  Benefits And Cost Incurred of Implementing An EMS 
 
Companies that use environmental management system emphasize in particular the following 
five positive effects of introducing an EMS: 

1. Reduction in environmental incidents due to the continual improvement of 
environmental aspects, regular risk analysis and evaluation, and organizational 
emergency management 

2. Improved relationships with authorities and other stakeholders/enhanced corporate 
image thanks to a defined communication process and exa- mining the interests and 
expectations of stakeholders on a regular basis 

3. Legal conformity ensured via structured analyses of relevant environmental 
requirements that result in a clear outline of the organization’s compliance obligations 

4. Financial savings thanks to an optimized use of resources, reductions in 
environmentally harmful effects, and general improvements in process quality (ex. 
Cheaper insurance), 

5. Improved environmental performance for the organization from economic, ecological, 
social, and organizational points of view, 

6. Market advantages, 
7. Enhanced reputation, 
8. Increased efficiency of operations, 
9. The creation of an environmental early warning system, 
10.  The tracking of trends and the ability to make predications. 

 
Of course, there are inherent costs involved in the introduction of an EMS.  
In this respect, you need to be aware that introducing and maintaining an EMS entails : 

▪ HR costs,  
▪ Investment and/or process costs,  
▪ Information costs, 
▪ consultancy costs. 

 
Obstacles to implementing and EMS include : 

▪ lack of time,  
▪ human or financial resources,  
▪ lack of senior management support, and 
▪ lack of understanding of the EMS process. 
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5.3.4 Importance of ISO 14001 for shipping companies 
 
Key points : 

1. Sustainability is one of the biggest challenges that shipping companies need to manage 
in order to survive in a growing and competitive market.  

2. Making Environmental Management Systems (EMS) an integral part of their 
operations can help organizations to face new customer expectations and give 
response to other pressures, such as legal obligations.  

3. ISO 14001 standard requires compliance with environmental protection laws, and in 
the shipping industry, MARPOL and the International Management System code 
contain the most important regulations. 

4. Many procedures included in the ISM code involve environmental issues of the fleet 
and can be associated with the compliance with the environmental management 
standard requirements. Some examples are procedures for spill contingency, 
procedures for bunkering, procedures for delivering garbage, etc. 

5. Although many regulation efforts have been conducted to mitigate pollution derived 
from shipping activities, marine transportation is still causing several impacts on the 
marine environment. ISO 14001 is a useful tool that can help shipping companies to 
reduce those environmental impacts. 

6. The ISO 14001 standard guides organizations through the identification of their 
environmental aspects within their processes, as well as measurement and control of 
their environmental impacts.  

7. Adopting an Environmental Management System transforms shipping companies into 
proactive organizations in relation to managing environmental impacts derived from 
their operations. Therefore, implementing the ISO 14001 requirements allows 
shipping businesses to decrease environmental impacts and reduce costs, thereby 
increasing their productivity. 

 
 
 
5.3.5 Current trend of an Integration system (Safety, Health and Environment Management 
system) 
The international code and standards applicable to management systems in the shipping 
industry are ISM, ISO 14001(EMS), ISO 9001 and OHSAS (Occupational Health and Safety 
Assessment)18001.  
Therefore any combination of these systems leads to a more efficient way of managing safety, 
environmental issues, occupational health and safety, and quality.  
Classifications societies povide international certification for ISO 14001/9001/OHSAS 18001 
as an Accredited Certification Bodies. 
EMSs and Occupational Health and Safety (OHS) systems can be integrated to form a more 
comprehensive system. Integration offers further cost advantages and removes duplication. 
For further information, it may be consulted the EHS Guidelines for Shipping which include 
information relevant to the operation and maintenance of ships used for the transport of bulk 
cargo, and goods.  
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Cargo handling, vessel maintenance, and other in-port activities are covered under the EHS 
Guidelines for Ports and Harbors, while issues specific to the transfer and storage of bulk fuels 
are covered in the EHS Guidelines for Crude Oil and Petroleum Product Terminals.  
The EHS Guidelines for Shipping apply to vessels operated with fossil fuels and do not address 
issues specific to nuclear- powered vessels. 
This document is organized according to the following sections: 

▪ Section 1.0 — Industry-Specific Impacts and Management  
▪ Section 2.0 — Performance Indicators and Monitoring  
▪ Section 3.0 — Reference 

   
5.4 The European Climate Plan: The Green Deal 
 
5.4.1 From Blue Growth to the Green Deal 
5.4.1.1  Définitions : 

➢ According to the World Bank, the Blue economy is the "sustainable use of ocean 
resources for economic growth, improved livelihoods, and jobs while preserving the 
health of ocean ecosystem." European Commission defines it as  « All economic 
activities related to oceans, seas and coasts ». 

➢ Blue Growth (BG) is the long term strategy to support sustainable growth in the marine 
and maritime sectors. Seas and oceans are drivers for the European economy and have 
great potential for innovation and growth. It is the maritime contribution to achieving 
the goals of the Europe 2021-2028 strategy for smart, sustainable and inclusive 
growth. 

The strategy consists in the development of new sectors that have a high potential for 
sustainable jobs and growth, such as: marine biotechnology, marine renewable energies, 
aquaculture, maritime & coastal tourism and seabed mining reinforcing at the same time the 
consolidated traditional marine sectors which are naval transport, fishery, shipbuilding & ship 
repair and offshore oil & gas. 
Blue Growth gives also the essential components to provide knowledge, legal certainty and 
security in the blue economy in the sea basin strategies to ensure tailor-made measures and 
to foster cooperation between countries (Arctic Ocean, Atlantic Ocean, Baltic Sea, Black Sea, 
Mediterranean Sea and North Sea). 

➢ « Green » : Green business certifications are given to firms that adopt principles, 
policies and practices that improve quality of life for individuals and benefit the planet. 

➢ The European Commission communication published on December 11, 2019 defines 
the Green Deal as a “new growth strategy” for the continent and mobilizes to give it 
flesh concepts and instruments which mainly aim at economic efficiency and 
marginally social justice, while attempting to make credible the overall goal of 
“becoming the world’s first climate- neutral continent by 2050”. 

 
5.4.1.2 From Blue Growth to the Green Deal 
There is a new approach for a sustainable blue economy in the EU.  
The European Green Deal defines the European economy for many years, or even decades. 
And the EU’s blue economy is fundamental to this effort. Not only should the blue economy 
adhere, like every other sector, to the European Green Deal. It is also indispensable to meet 
the EU’s environmental and climate objectives. 
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That’s because that the ocean is the main climate regulator we have. It offers clean energy 
and sustains us with oxygen, food, and many critical resources. There just can’t be green 
without blue. 
To fully embed the blue economy into the Green Deal and the recovery strategy, the 
Commission has adopted a new approach for a sustainable blue economy in the EU. 
On 17 May 2021, the European Commission unveiled a communication aimed to integrate 
ocean policy into Europe’s new economic policy in order to ensure that the ‘blue economy’ 
plays a major role in the implementation of the European Green Deal (EGD). 
The communication proposes a paradigm shift : from ‘blue growth’ to a ‘sustainable blue 
economy’.  
For this shift to happen, economic activities at sea and in coastal areas need to reduce their 
cumulative impacts on the marine environment and value chains need to transform 
themselves to contribute to climate neutrality, zero pollution, circular economy and waste 
prevention, marine biodiversity, coastal resilience and responsible food systems. 
The EU executive will support actions in this regard through a plurality of measures expected 
to help achieve EGD’s objectives while also creating further employment opportunities in the 
blue economy sector, which already provides 4.5 million direct jobs in many EU regions. 
 
5.4.1.3 The european Green Deal : Background and Overwiew 
In March 1933, the President of the United States propelled his country into an unprecedented 
program of economic regulaion, social protection and public investment.  
From this “first New Deal”, Roosevelt was mindful of the need to articulate the imperative of 
social progress to the emerging challenge of environmental protection: the creation of the 
Civilian Conservation Corps (CCC) — which would provide from 1933 to 1942 a “green job” 
(forests, dams, etc.) to a total of 3 million unemployed — was among the very first measures 
of the new administration. 
This social and ecological nexus is the core of the bill for a “Green New Deal” presented in 
February 2019 by Alexandria Ocasio-Cortez and her colleagues in the US House of 
Representatives but it was rejected by the Republican Senate without examination. 
The European Commission communication published on December 11, 2019 has taken a 
different approach. It defines from the onset the Green Deal as a “new growth strategy” for 
the continent and mobilizes to give it flesh concepts and instruments which mainly aim at 
economic efficiency and marginally social justice while attempting to make credible the overall 
goal of “becoming the world’s first climate- neutral continent by 2050”. 
Climate action is at the heart of the European Green Deal – an ambitious package of measures 
ranging from ambitiously cutting greenhouse gas emissions, to investing in cutting-edge 
research and innovation, to preserving Europe’s natural environment. 
First climate action initiatives under the Green Deal include: 

■ European Climate Law to enshrine the 2050 climate-neutrality objective into EU law, 
■ European Climate Pact to engage citizens and all parts of society in climate action, 
■ 2030 Climate Target Plan to further reduce net greenhouse gas emissions by at least 

55% by 2030, 
■ New EU Strategy on Climate Adaptation to make Europe a climate-resilient society by 

2050, fully adapted to the unavoidable impacts of climate change. 
 
5.4.2 Recommendations for European authorities  
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On 14 July 2021, the European Commission adopted a series of legislative proposals setting 
out how it intends to achieve climate neutrality in the EU by 2050, including the intermediate 
target of an at least 55% net reduction in greenhouse gas emissions by 2030.  
The package proposes to revise several pieces of EU climate legislation, including the EU 
Emissions Trading System (ETS), Effort Sharing Regulation, transport and land use legislation, 
setting out in real terms the ways in which the Commission intends to reach EU climate targets 
under the European Green Deal. 
The Commission is also keen to reduce its environmental impact as an institution and 
employer. It will present a comprehensive action plan in 2021 to reflect the objectives of the 
Green Deal across all its sites and become climate neutral by 2030. 
 
5.4.3 Key EU legislation and policies 
 

➢ EU Emissions Trading System (EU ETS) to reduce greenhouse gas emissions 
from the power sector, industry and flights within the EU 

➢ National targets for sectors outside emissions trading, such as transport, 
buildings and agriculture 

➢ Ensuring our forests and land contribute to the fight against climate change 
➢ Reducing greenhouse gas emissions from transport, e.g. through CO2 emission 

standards for vehicles 
➢ Boosting energy efficiency, renewable energy and governance of EU countries’ 

energy and climate policies 
➢ Promoting innovative low-carbon technologies 
➢ Phasing down climate-warming fluorinated greenhouse gases 
➢ Protecting the ozone layer 
➢ Adapting to the impacts of climate change 
➢ Funding climate action 

 
 
 
5.5  Creating Awareness About Human Impact On Marine Environment 
5.5.1 Reasons of the importance of the environmental awareness 
Human activity is hugely responsible for damaging the environment. The fact that 
concentrations of greenhouse gases have increased by more than a third since the industrial 
revolution highlights our impact.  
The rise in greenhouse gas emissions contributes to the enhanced greenhouse effect, which 
has caused global temperatures to rise. These gases also cause air, land and water pollution. 
Pollution affects the quality of food, which might cause the ingestion of toxic substances. 
Poorer air quality also poses severe risks to human health. 
Therefore, it is our responsibility to improve our environmental awareness and change our 
behaviour. 
It is important for everyone to improve their environmental awareness.  
It is especially imperative to teach children about the importance of environmental 
awareness, to ensure that the lives of future generations are secure.  
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As things stand, it's the future generations that will be most affected by our actions. Therefore, 
we must equip our children with the tools necessary to behave in a responsible and informed 
way towards the environment. 
 
5.5.2 Human perceptions about marine environment 
 
In addition to providing economic value, the marine environment supports and provides 
considerable social and cultural value including recreation, heritage and identity, beauty and 
inspiration, sense of place, health and wellbeing. 
Marine environments are affected by multiple anthropogenic stressors, such as overfishing, 
aquaculture, pollution, climate change, ocean acidification, coastal erosion, habitat loss, and 
the introduction of invasive species, which impact the entire ocean. 
Although human perceptions, understandings, and responses have been widely explored for 
some environmental problems, particularly climate change, much less attention has been 
given to anthropogenic impacts on marine environments. 
Systematic global mapping efforts of multiple anthropogenic ocean impacts have been 
conducted by expert groups, but these studies have not assessed public awareness, concern, 
and priorities about these impacts.  
Understanding public awareness, concerns, and priorities with regard to marine impacts is 
important : 

➢ to appreciate how people relate to the marine environments and the way they 
frame impacts, 

➢ to identify science-based conceptions or misconceptions among the public that 
may arise from poor communication, and 

➢ to understand societal perceptions with a view to making managerial and policy 
priorities more responsive and accountable to public values. 

Hereafter some methodes, noted by studies, to improuve the public perceptions and so its 
awareness. 
 
5.5.3 Methods to improve public perceptions 
 

➢ Use of mainstream media such as newspapers or TV news broadcasts and 
social media as a source of information : the public are generally well 
informed of the threats to the marine environment but are lacking in 
awareness of the current conservation efforts in place, 

➢ The communication of science needs to be improved, simplifying and 
tailoring messages to specific audiences : to promote pro-environmental 
actions and lifestyle, the public could be better informed about the impact 
of marine environmental threats and the value of local seas, 

➢ Simplifying scientific terms could be key to translating complex scientific 
concepts into simple, effective messages to catch the public's interest, 

➢ In order to promote public engagement in marine conservation strategies, 
awareness of local strategies must first be raised, 

➢ To increase awareness of conservation strategies and initiatives, it is 
important to focus conservation messages on aspects of the marine 
environment where the public are able to relate, 
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➢ Engage the public in marine conservation, conservation projects and 
messages should focus on shallow coastal waters (< 20 m deep) where 
many beachgoers have had experiences and can relate to, 

➢ The interdisciplinary communication should stretch beyond conservation 
and social science, into the fields of media, journalism, advertisement and 
events management, 

➢ Spreading positive news, focussing on collaborative conservation and on 
solutions to global issues : ex. Ocean Optimism, recent concept developed 
with the aim of spreading good news and conservation success stories 
through social media channels, 

➢ Motivate individuals to act proenvironmentally and to minimise the 
knowledge gaps highlighted by this research, marine environmental 
communication should focus on promoting successful, collaborative marine 
con- servation and management stories to a targeted audience utilising in- 
terdisciplinary communication channels. 

 
 
5.6 Creating Awareness on Type of Actions and Clarity of Actions  
 
5.6.1 The environmental strategy 
Environmental strategy is a firm’s long-term orientation about how to manage the 
environmental practices to gain a good fit with its stakeholders’ expectations.  
Proactive environmental strategies are those that involve anticipation of future regulations to 
voluntarily prevent negative environmental impacts. The challenge is to find a balance 
between environmental intentions and economic productivity. 
Environment strategy is the long-term management plan and decision-making process that 
involves an assessment of environmental risks and opportunities and the determination of a 
strategy based on the entire organization’s objectives. 
The activities of the environmental strategy document include: 

➢ Risk assessment, 
➢ Economic evaluation, 
➢ Prediction of environmental regulations, 
➢ Proactive recommendations on environmental strategy, 
➢ Identification of the best environmental strategies, 
➢ Development of a corporate environmental strategy. 

A pro-active environmental strategy is not limited to the above points.  
It identifies a good fit between economic goals and environmental opportunities and 
challenges.  
One of the biggest challenges of proactive environmental strategies is to strike a balance 
between business models and the environmental milieu. Many companies are still not so sure 
what comes first, profit or environmental attitude. Some even think that environmental 
attitude can be built only on a firm’s financial success. 
Another challenge of environmental strategy is making the long-term strategy acceptable to 
the employees of the company.  
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Environmental strategy is a necessary ingredient for survival in the long-run. To adopt a 
proactive environmental-friendly strategy will help the organization to thrive, instead of just 
survive. 
 
5.6.2 Tools for Raising the environmental awareness 
 
The most important way to become aware of environmental issues is education.  
Education that is focused on the environment can be very successful and yield amazing results 
only if it is taught properly.  
Schools must be used as a main location to display literature and information to educate the 
wider public through : 

o Training the majority of teachers (elementary, middle, high school) in 
environmental education,  

o Class discussions about the environment, 
o Involving teachers in the organisation of events, 
o Creating  working groups, 
o Planing volunteering events, 
o Implementation of activities on protecting and discovering Nature…. 

 
 
Other ways are : 

➢ Activities for the general public, 
➢ Promoting the web site as a central point of information regarding environmental 

initiatives, projects and education, 
➢ Conduct Environmental Awareness Campaigns, 
➢ Organizing events, 
➢ Developing the potential of local organisations to implement environmental actions in 

general, 
➢ Provide numerous environmental services, 
➢ Educate businesses on the benefits of greening their organisation, 
➢ Encourage participation in local and national award schemes, 
➢ Information widely distributed, including schools, commercial enterprises and the 

wider community……. 
 
 
 
 
 
 
5.7 Enforcement And Regulatory Measures 
 
5.7.1    Context for Enforcement 
International regulations, rules and standards alone, however perfect they may be, are not 
sufficient. Effectiveness depends on the ensurance of compliance 
Enforcement instruments are an indispensable complement to legislation. 

➢ Enforcement obligation : SOLAS, STCW, MARPOL,… 
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Undertake to : 

• give effect to the provisions 

• Promulgate all laws, decrees, orders and  regulations and take all other steps which 
are  necessary to give the convention full and  complete effect 

Means : 

• Enforcement by the flag State :  
o Art. 94, 211 and 217 UNCLOS about the Flag State duties, 
o MLC art. 5 and reg. 5.1 

 

• Enforcement by the Port State : 
o Domestic Requirements 

Right to establish minimum requirements for  vessels entering into their ports, internal waters  
and offshore terminals and enforce the relevant  domestic regulations and  enforcement 
power with regard to  compliance with applicable international rules  and standards. 
Note : Flag States do not always exercise their  jurisdiction effectively (sub standard ships) 
Regulations : 

o UNCLOS, art. 218 and 219, 
o SOLAS Reg I-19 Annex, 
o MARPOL Art. 5, 
o MLC Art. 5 para 4 

 
Port State Control Agreements : 

o Paris MoU   
o Black Sea MoU 
o EU Directive on port State control….. 

 

• Enforcement by the Coastal State : 
 UNCLOS provides enforcement powers depending on the maritime zones 

o Measures to prevent pollution incl. prevention of  accidents 
and prohibition of discharges 

o Measures in case of a pollution incident or violation  of anti-
pollution regulations 

 

• Additional enforcement measures and safeguards 
o Marine casualty investigation, 
o Response to and combat of pollution incidents,  in EEZ based on 

Intervention Convention (cf. Art.  221 UNCLOS), 
o Safeguards : 

▪ Protect the rights and interests of other States 
▪ avoid misuse of the additional rights 
▪ interfer in navigation as little as possible 
▪ priority of the flag State‘s responsibility 
▪ no discrimination of foreign vessels 

 
 
5.7.2.   Reasons for non-respect of the rules  
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A range of criminal activity takes place in marine environments. Combating this crime is a 
challenge for state, national and international regulators.  
The illicit activity can include illegal fishing, unauthorised hunting of protected species, causing 
damage to coral reefs, polluting, people smuggling, drug trafficking, and the commission of 
personal crimes (including violence). 
There are three pre-conditions generally required before criminal activity will occur : 
1. a supply of suitably motivated individuals (including those who are able to rationalise 
their illegal activities as being legitimate); 
2. available targets and opportunities for acting illegally; and 
3. the absence of capable guardians  who might prevent crimes from being committed. 
In the marine environment, all three conditions may coincide. 
 
Factors that may motivate people not to respect rules are as follows : 

• Financial profit, 

• Rationalising illegal activity, 

• Failure to accept the legitimacy of regulations, 

• Lack of knowledge of regulations, 

• Lack of understanding of the impact of illegal activities, 

• Inability to pay costs of compliance. 
 
Tips to reduce the effects of non-compliance in maritime field : 

• Compliance assistance, 

• Financial assistance, 

• Auditing Policies, 

• Public Information, 

• Monitoring compliance, 

• Monitoring Environmental Conditions Near a Facility, 

• Inspections, 

• Self-Monitoring, SelfRecordkeeping, and SelfReporting by the 
Regulated Community, 

• Civil Administrative Enforcement, 

• Civil Judicial Enforcement, 

• Criminal Enforcement, 

• Citizen Enforcement, 
Policies to be developed : 

• Improving sources of information and statistics on compliance, 

• Improving public and business education, 

• Coordinating regulatory efforts, 

• Avoiding counterproductive consequences, 

• Changing attitudes to compliance. 
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6. Use of different/alternative systems (energy, propulsion, navigation) - use of renewable 
energies on board ships in order to reduce pollution sources 
 
6.1 Classical energy insurance systems on board commercial vessels 

 
Energy on board ships is necessary to ensure the movement of the ship, by operating 

the propulsion system, or to enable the activities on board to be carried out in good condition 
by the provision of electrical or thermal energy by naval installations and equipment.  

Useful energy is produced on board a vessel of special systems that can be classified in 
(Nicolae et al., 2013): 

- mechanical energy production systems, for propulsion and other utilities; 
- systems for the production ofelectricity, by means of diesel generators; 
- steam productionsystems, for heating compartments, fuel oil or for drive on-board 

installations; 
- compressed air production systems used in pneumatic drives. 
On commercial ships, the most common propulsion systems and power generation 

systems are those driven by internal combustion engines, which can run on heavy fuel (fuel 
oil) or light fuel (diesel). The power of these engines depends on the dimensions and 
destination of the ship and has values that can vary from a few kW to tens of thousands of 
kW. From this point of view, the largest internal combustion engine, specially designed for 
heavy-duty ships, is the Wartsila-Sulzer RTA96-C (Figure 9.1). The main characteristics of this 
engine are: total mass  2300 tons,  crankshaft mass  300 tons,  the number of cylinders  14 in-
line,  speed  22 – 102 rpm, maximum power  108920 hp (80080 kW) and fuel consumption - 
up to .171 𝑔/𝑘𝑊ℎ 

 

  
                      Figure 6.1 Internal combustion engine of wartsila-sulzer type RTA96-C  
                                                        (source: www.emma-maersk.com) 

 
In small and medium craft, engines with much lower powers are used. Depending on the 

dimensions of the ship and its intended purpose (pleasure craft, passenger ship used in inland 
waters, etc.) there may be one or more engines used for propulsion. It is worth noting that 
these low-power engines are also used for other types of means of transport, being adapted 
for use on board ships. One such engine is the DI09 070M (Figure 9.2) produced by Scania, a 
company known primarily for the trucks it produces. Among the main characteristics of this 
engine can be mentioned: the number of cylinders – 5 inline; mass – 1150 kg; maximum power 
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- 350 hp (257 kW) at a speed of 1800 rpm; specific fuel consumption - 200 at full load or 210 
in load 1/2.𝑔/𝑘𝑊ℎ𝑔/𝑘𝑊ℎ 

 

 
Figure 6.2 Scania engine type DI09 070M (source: Technical engine documentation) 
 
For the production of thermal energy, naval equipment such as steam generators or 

caldarines are used. The naval steam generator  is an equipment in which the thermal energy 
obtained from the combustion of a fuel is used to produce steam, with the aim of being further 
used in propulsion systems and force installations. The water heats up, evaporates, and turns 
into saturated steam, and if the heating process continues, the steam obtained becomes 
superheated steam. 

If the ships do not use steam for propulsion, a small steam generator, frequently called 
naval cobbles,is usedto drive other energy aggregates. For the generation of thermal energy, 
practically two types of systems are used: 

➢ caldarine, which has fossil fuels as its only energy source; 
➢ the recovering heat, which partially uses the thermal energy contained in the exhaust 

gas of the main engines. 
About 7% of the exhaust energy is currently recovered; therefore, the literature 

presents variants of improvement of existing systems and innovative solutions, especially 
targeting the issue of maximizing the energy from these gases (Baldi F. et al., 2014). The 
surplus energy thus obtained can be stored and used if necessary by installing a storage tank 
(Baldi F. et al.,2015) shown in Figure 9.3. Depending on the type of vessel and the targeted 
performance (decrease in consumption by 60-90% of the fuel needed to supply the 
caldarines), the capacity of this storage tank can vary from 500 to 2500 m3. 

Steam obtained with the help of naval hot tubarines can be used on board in steam heating 
installations, water heating installations, steam fire extinguishing installations, heating 
installations for fuel tanks, installations that ensure the operation of kitchens, installations for 
chemical cleaning of boilers, installations serving the sanitary system (bathrooms, showers, 
etc.) and the operation in some cases of deck installations (cranes,  winches, cabestane, etc.).  
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Figure 6.3 Recovery boiler and heat storage tank 

 
While the ship is stationary in port or in the harbour, when the heat consumption is low, 

the use of conventional energy production systems and their replacement by solar-thermal 
systems may be eliminated (in whole or in part)because: 

- conventional equipment operates with very low load, which is an improper operating 
regime; 

- the use of solar-thermal systems generates fossil fuel savings; 
- eliminates greenhouse gas emissions, which have a direct impact on communities in 

the vicinity of ports (Corbett et al., 2007). 
Of course, solar-thermal systems contribute to the sustainability of naval transport also 

during the movement of the ship. 
 
6.2 Current state of deployment of renewable energy systems on board merchant ships 

 
Price fluctuations and dwindling oil reserves, as well as regulations for the phasing out 

of sulfur from fuels that led shipbuilders to use high-quality fuel (and more expensive by more 
than 50% than fuel oil), have imposed the need for alternative solutions to produce the energy 
needed for shipping. Furthermore, there is strong support from the IMO for sanctions against 
ships emitting CO2  above the set values. Thus, companies must adapt to these needs, under 
conditions of sustainability but also of technical and economic feasibility. 

The alternative solutions, identified in the literature to reduce or replace the consumption 
of fossil fuels on board a ship and to reduce the impact on the environment, consist of the use 
of (Cotorcea A. et al., 2014b):  

➢ classic or rigid sails, and "kite" type systems; 
➢ rotor Flettner; 
➢ renewable energy systems implemented on board ships (wind turbines, photovoltaic 

modules); 
➢ hydrogen fuel cells. 
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These solutions can be used individually or in combination (as hybrid systems) for the 
generation of electrical and thermal energy or for propulsion assistance. The following is a 
brief description of these solutions. 

 
6.2.1 Kite sails and systems 

 
The sole use of these technological solutions is to assist the propulsion of the ship. Both 
systems, by using wind energy as a towing force, provide a reduction in the fuel consumed by 
the main engine. 
In 1995, the Danish Department of Environment and Energy funded a study by the consulting 
firm Knud E. Hansen A/S on the use of sails in the shipping industry. As a result, between 1995 
and 1999 the company developed a model of oil tanker 200 m long and 50,000 tdw, with sail-
assisted propulsion (Figure 6.4). The feasibility studies for this project led to the following 
conclusions: the construction cost of the vessel increased by 10%; fuel economy has ranged 
from 20% to 27% for certain sea routes, depending on the average speed of the ship and the 
choice of transport routes from north to south, thus taking into account global air currents; 
The ideal market segment for the use of sails on commercial ships is the transportation of bulk 
goods over long distances.  

 

  
Figure 6.4 Model sailboat 
(source: www.ibiblio.org) 

Figure 6.5 The Beluga SkySails ship 
(source: www.skysails.info) 

 
Kite-type systems are revolutionary systems in terms of propulsion of the ship and are 

spreading more and more. Their efficiency is based on a much higher wind speed at the high 
altitude at which they operate (in the area of shear currents), compared to the wind speed at 
water level. The area of "kite" parachutes varies between 150 and 600 m2. They shall be 
attached to the vessel by means of a cable by means of a towing point (normally situated on 
the bow of the ship) and manoeuvred by means of a chestnut arranged on deck. A computer 
processes all the information received by the system's sensors and controls the parachute. 

The advantages of "kite" systems over classic sails are: the system can quickly generate a 
propulsion power five times higher; they can be installed easily and at a low cost, on any type 
of ship; the cost of acquisition, assembly and maintenance is significantly lower; does not 
interfere with the operations of loading and unloading the vessel in port or of navigating under 
bridges; the system does not have a significant weight during storage; handling does not 
require additional specialized personnel. 
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One such project is that of the beluga skySails (Figure 9.5), which entered into operation 
in 2008. It features a kite-type system used as an additional propulsion source. Using this 
innovation reduces fuel consumption by around 15% and thus significantly reduces 
greenhouse gas emissions. The manufacturing company also implemented this system on the 
Michael A ship, and the pilot tests led to a fuel saving of up to 57% (www.skysails.info). 

 
6.2.2 Flettner Rotor 

 
Another method of harnessing wind energy is the use of Flettner rotors (Rehmatulla et al., 
2015). This technology, developed by the German engineer Anton Flettner in the20s, consists 
in the creation by the vertical rotors of a lifting movement under the Magnus effect. An 
advantage of these rotors is that they do not affect the operations on board (especially those 
related to the handling of goods). The first ship on which this type of system was implemented 
was the ship Buckau (figure 6.6) in 1925. 

 

  
Figure 6.6 Buckau ship 

(www.oldsaltblog.com) 
Figure 6.7 E-SHIP 1 

(www.marineinsight.com) 
 

An example of a ship using this technology is E Ship 1 (Figure 6.7). The ship has four pillars 
(columns), with a diameter of 4 meters and a height of 27 meters. It is owned by the third 
largest wind turbine manufacturer, Enercon GmbH, and is intended to transport components 
for wind turbines in particular, but is also intended to transport vehicles. With the help of 
Flettner rotors the company expects a 30-40% reduction in fuel costs at a ship speed of 16 
knots (the maximum speed is 17.5 knots). 
 
6.2.3 Wind turbines 

 
Wind turbines have the most significant use on board ships as part of a hybrid hydrogen fuel 
cell system; electricity produced by wind turbines can be used in the hydrogen generation 
process. 

The most common wind turbines are those with horizontal axis wind turbines (HAWT), 
Figure 6.8. Their implementation on commercial vessels is possible and recommended given 
that the wind force is higher offshore than on land, which leads to good performance. The 
technical feasibility of the installation depends on the diameter of the blades, the height at 
which the rotation spindle is arranged, the diameter of the base and the mass. 
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Figure 6.8 Horizontal spindle wind turbine vessel  
(source: www.hydrogen-challenger.de) 

 
Horizontally spindle wind turbines cannot be installed on container ships or multipurpose 

vessels, where cargo is stored on open decks. Their installation on passenger ships and 
chemical tanks is also impossible, because of the safety elements necessary to be provided to 
passengers and cargo carried. 
 
6.2.4 Photovoltaic systems 

 
Photovoltaic systems, which convert solar energy into electricity, have numerous onshore 

applications. The installation of these systems on commercial ships (Figure 9.9) is an effective 
way to minimize fuel costs and significantly reduce carbon dioxide emissions. 

 
Figure 6.9 Photovoltaic modules on the deck of a bulk carrier - concept  

(source: Glykas et al, 2010) 
 

The feasibility of installing photovoltaic modules on ships takes into account the 
payback period of the investment in relation to fuel economy and pollution reduction 
(Atodiresei et al., 2017). Important parameters considered for the conduct of a relevant 
analysis are the available solar radiation, the cost of investment and the cost of fuel.  

For one square meter of photovoltaic module installed on a ship, the generated power 
considered in the literature is 130W (Kagaraki K., 2001). The payback period of the investment 
largely depends on the price of fuel. For an annual increase of about 10-15%, the estimated 
payback period varies between 16 and 27 years. The more the price of classic fuel increases 
or the initial investment is reduced (against the background of the decrease in the cost of 
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photovoltaic technology), the more the depreciation period converges towards a minimum of 
10 years (Glykas et al, 2010).  

The most famous example of the implementation of photovoltaic modules in the naval 
field is the catamaran ship PlanetSolar (Figure 6.10). The ship has 537 m2  of photovoltaic 
modules that supply 6 blocks of lithium-ion batteries. Table 6.1, shows the main 
characteristics of the vessel. 

 

  
Figure 9.10 PlanetSolar spacecraft 

 (source: www.planetsolar.org) 
 

Table 6.1 Main characteristics of the Planetsolar 

Length: 31m Width: 15m 

Winged length: 35m Wing width: 23m 

Mass: 85t Draught: 1.55m 

Area of solar modules: 537 m2 Maximum speed: 14 knots 

Installed FV power: 93.5 kW (127 hp) FV module yield: 18,8 % 

Crew: 4 persons Autonomy: infinite 

 
The construction characteristics of the ship, in particular those related to its shape, 

supplemented by the installed photovoltaic modules allow the ship to navigate without using 
classical propulsion systems, the autonomy being practically infinite. 
 Another example is the Nichioh Maru (Figure 6.11), a RO-RO ship that navigates 
coastally and has 281 photovoltaic modules mounted on the upper deck. 

The ship is equipped with a lighting system using LED technology, and the shell is 
covered with a paint that reduces friction with water, thus reducing the running resistance. 
The main propulsion engine is electronically controlled so as to consume as little fuel as 
possible. The manufacturing company, Nissan, claims that the ship will consume 1400 tons 
less fuel per year and will thus reduce emissions by 4200 tons. 
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Figure 6.11 Nichioh Maru(www.marineinsight.com) 
         The Auriga Leader (Figure 6.12) is the first cargo ship partially propelled with electricity 
obtained using more than 300 photovoltaic modules(www.marineinsight.com). The main 
characteristics of the vessel are given in Table 6.2. 
 

  
Figure 6.12 Auriga Leader vessel (source: www.greencarreports.com) 

 
Table 6.2 Main construction features of the Auriga Leader (www.vesselfinder.com) 

 

Length 199 m 

Width 32 m 

Speed (average/maximum) 12.2 / 20.8 Nd 

Freight capacity 18686 tons (6200 cars) 

Year of construction 2008 

 
The photovoltaic modules installed on this ship produce 1.4 times more energy during voyages 
than those installed in Tokyo, mainly due to the fact that on the high seas the wind cools the 
modules better, thus increasing the efficiency of the system (www.nyk.com). The amount of 
energy delivered by the photovoltaic system provides 0.05% of the propulsion power and 1% 
of the electricity on board. The fuel consumption of the ship decreased by 13 tons per year, 
and co2 emissions by 40 tons. As with other new technologies, the performance of the 
PHOTOVOLTAIC system is monitored in order to identify future changes and ways of 
improvement. 

Another ship that is based on photovoltaic technology is the Emerald Ace (Figure 6.13), 
built by Mitsubishi in collaboration with Mitsui O.S.K. Lines Ltd. and Panasonic Corp. The ship 
is capable of carrying 6400 cars on the 12 decks at a speed of over 20 knots. On the upper 
deck are installed 768 photovoltaic modules manufactured by Panasonic 
(http://gizmodo.com). Each module produces up to 210W, and each photovoltaic platform 
can generate about 160 kW (the equivalent of the power required to power 50 houses). An 
amount of 2.2 MWh can be stored using 324000 rechargeable Li-ion batteries. The batteries, 
organized in modules of 20 pieces each, are arranged at the bottom of the ship and are an 
integral part of the ballast system (thus not representing an additional weight on board). 

http://www.vesselfinder.com/
http://www.marineinsight.com/marine/marine-news/headline/auriga-leader-the-worlds-first-partially-propelled-cargo-ship/attachment/solar-panels-on-auriga-leader/
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Figure 6.13 Top view of the Emerald Ace (www.21stcentech.com) 

On the march, the ship uses the classic propulsion system (Diesel), and the excess 
power generated by the photovoltaic system is used to power navigation equipment and 
installations and for lighting. When in the port, only the energy stored in the batteries is 
used, resulting in zero ghg emissions during stationary (www.21stcentech.com). 
 
6.2.5 Hydrogen fuel cells 

 
Hydrogen fuel cells are electrochemical devices, which convert the chemical energy of 

the reaction of hydrogen with oxygen into electrical energy, resulting in water as a byproduct. 
Cells produce electricity continuously if supplied with hydrogen and oxygen from an external 
source.  

As the infrastructure needed to refuel ships with hydrogen in ports is in its infancy, 
ships adopting such a system will need an average shelf life for on-board production and 
storage. A viable alternative is to produce hydrogen from water electrolysis, using electricity 
produced by renewable energy systems (wind, photovoltaic, hybrid, etc.). 

In recent years, polymer membrane hydrogen fuel cells (PEM-FC) have been deployed 
on submarines built for naval forces in Germany, Italy, Greece and South Korea, with 
satisfactory results. 

 
6.3 Environmentally friendly ship concepts 

 
Numerous new concepts are formulated in the literature; those concepts that will be 
technologically validated can be implemented in the next 10 to 30 years and have as objective 
energy independent ships. 
The system developed by Aquarius MRE (Figure 6.14) will use rigid sail systems and 
photovoltaic modules for capturing solar and wind energy. On large ships can be installed up 
to twenty such rigid sails, while on smaller ships it would take one or two sails. The system is 
not designed to be the main source of electricity of the ship (www.ecomarinepower.com). 
Depending on the number, size, shape and configuration of rigid sails, it is estimated that the 
system will reduce the annual fuel consumption of ships by about 20%.  
Photovoltaic cells can be mounted on sails or, as needed, at another point on the ship. Each 
rigid sail will be raised, lowered and handled by a positioning system that will be compatible 
with the computer-aided control system. An important aspect is that the rigid sail positioning 
system will be able to store these sails in a protective casing that will provide the necessary 
safety in case of bad weather or during the ship's loading/unloading operations.  

http://www.21stcentech.com/wp-content/uploads/2012/07/Emerald-Ace.jpg
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Figure 6.14 Model of rigid solar sailboat (source: www.ecomarinepower.com) 

 
Solar Sailor, an Australian company specialising in the implementation of technological 
solutions based on renewable energy sources, plans to install hybrid systems (photovoltaic 
and wind) on cargo ships carrying iron ore from Australia to China. SolarSail is considering the 
installation of sails of 850 square meters (figure 9.15). The sails, which would cost about $7 
million, could be stored during the ship's loading and unloading maneuvers. The equipment is 
likely to be similar – but on a much larger scale – to the systems already installed on four 
passenger ferries operated by the Hong Kong Jockey Club. One such example is the ship "Solar 
Albatross" (figure 1.16) with a length of 24 meters and a carrying capacity of 100 passengers 
(www.sail-world.com).  

 

  
Figure 6.16 Sailor Solar Ship – cargo ship with rigid solar sails; The Albatross Solar 
Spacecraft 

(source: www.sail-world.com) 
 

One concept that incorporates all renewable energy sources available at sea is the E/S 
orcelle (Figure 6.17), a project of Wallenius Wilhelmsen. 

 
Figure 6.17 E/S Orcelle (source: www.2wglobal.com) 
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Orcelle will have an optimal transport capacity corresponding to an available space of 85,000 
m2, the equivalent of about 14 football fields. This capacity is 50% higher than that of current 
vessels, capable of carrying 6500 vehicles. The design of the ship includes the use of solar 
energy, wind energy and wave energy to drive power generators. 
Solar energy will be captured through photovoltaic modules located in the rigid sails of the 
ship. When not used to capture wind energy, the sails can be oriented to collect as much solar 
energy as possible. The solar energy is then converted into electricity and can be used 
immediately or stored and used if needed. 
Wind energy will be used mainly for propulsion through the three sails built of lightweight 
composite materials. Capable of folding up and out, rigid sails will rotate in the best position 
to capture wind energy. 
The energy of the waves can be transformed into different types of energy, by combining the 
relative displacements of the waves, with the help of the fins arranged on the rail and the ship. 
The E/S Orcelle will have 12 fins that will allow the harnessing and transformation of the wave 
energy into hydrogen, electrical or mechanical energy. 
 

Other ship concepts that have a low environmental impact are: 
- cargo ship with sails (Figure 9.18), developed by B9 Shipping, member of the B9 Energy 

Group; the concept foresees that the ship will obtain 60% of the necessary energy with 
the help of sails and 40% with the help of auxiliary engines that will operate on biogas 
derived from the recovery of waste; 

- passenger ship STX Eoseas (Figure 9.19), developed by STX Europe; the ship will be 
equipped with a sail system (with an area of approximately 12440 m2)that will assist 
the propulsion and use liquefied natural gas in combination with diesel to drive four 
generators; it is also planned to install 8300 m2 photovoltaic cells; the project aims to 
reduce power consumption and CO2 emissions by 50%,  as well as reducing SO2  and 
NOx emissions by 100% and 90% respectively (www.ship-technology.com). 

 

 
Figure 6.18 Sailing ship concept (www.b9energy.com) 
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Figure 6.19 The STX Eoseas (www.ship-technology.com) vessel 

 
6.4 Solar-thermal collectors implemented on board ships 

 
If the deployment of photovoltaic systems on board ships is intensively investigated, 

the use of solar-thermal systems (with flat-flat collectors or vacuum tubes) is extremely little 
addressed (Cotorcea A., Vișa I., 2014a; Cotorcea A. et al., 2013). 

Basically, the use of solar radiation is similar in both systems, with an advantage for 
solar-thermal systems that can also make greater use of the infrared (IR) component of the 
solar spectrum. 

The implementation of solar-thermal collectors for the preparation of domestic hot 
water necessary in current activities and with contribution to the provision of thermal energy 
is an alternative solution. It becomes a significant advantage for the periods of ship's stay in 
port, the use of solar energy for the production of heat necessary for reduced operation can 
lead to the elimination of pollutants and emissions from fossil fuels. 
There are so far few concerns about solar-thermal conversion on ships and as such few 
references in the literature. An example of implementation for small recreational vessels 
(yachts) is the one presented by the company Open Ocean, in a combination of two solar-
thermal collectors and three photovoltaic modules, Figure 6.20 
 

 
Figure 6.20 Solar-thermal collector system and photovoltaic modules 

(source:www.openoceanwatermakers.co.nz) 
  
An interesting application on board ships is the desalination of water in systems with flat-plate 
solar-thermal collectors, for the preparation of freshwater. This application, originally 
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proposed for offshore drilling platforms, has been implemented on cruise ships, merchant 
ships and yachts, with capacities ranging from 1 to 200 tonnes of water/day, Figure 6.21. 

 

 
Figure 6.21 Solar-thermal collector system for water desalination and drinking water 

production (source:www.kysearo.com) 
 
6.5 Alternative Fuels 
 
The use of alternative sources of energy has the potential to reduce a specific individual form 
of emission from ships, a number of emissions simultaneously, and/or to enhance fuel 
efficiency. There exist a number of alternative energy options for ships which have proven 
technical viability. However, each of the alternatives analyzed below does exhibit its own 
inherent advantages and disadvantages. 
Low sulfur fuels 
These reduce sulfur emissions directly while also indirectly decreasing PM and CO2 emissions. 
However, in order to produce sufficient quantities of low sulfur fuel, the residual oil which is 
currently used as marine fuel will need to be further processed. In addition, the sort of caps 
which will currently apply within Emission Control Areas (and which apply globally from 2020) 
simply cannot be attained through the use of standard low sulfur bunker fuel. Thus in order 
to comply with an increasingly stringent regulatory regime for the control of sulfur emissions 
from ships, standard low sulfur fuel will have to be utilized in tandem with some form of 
abatement technology. Alternatively, distillate fuels (marine diesel oil [MDO] and marine gas 
oil [MGO]) will need to be burned in ships and engines modified accordingly. In both cases the 
additional processing operations within the refining industry result in both more emissions 
and a higher priced fuel. This means that there is no economic motivation for their adoption, 
apart from the possibility of “green marketing” benefits. In addition, the shipping industry is 
extremely concerned about the physical capacity of the global oil refining industry to supply 
their possible future demand for low sulfur fuel (CE Delft et al., 2006). 
Biofuels 
Biodiesel works well in ship engines. It can provide 100% of a ship’s fuel, or it can be blended 
with conventional fuel. For example, a 5% biodiesel content in the fuel results in a CO2 
reduction of about 4% (ECSA/ICS, 2008). Additionally, biodiesel does not contain sulfur. 
However, as the demand for biofuels increases, the problems associated with the land-take 
required for growing the source crops required to manufacture biofuels have come to the 
fore. This has promoted research into the development of second-generation biofuels or 
biomass (using agricultural waste, industrial waste such as sawdust and paper pulp, woody 
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biomass from forestry, municipal solid waste including household food, garden, and paper 
waste), but this is still in its infancy, and the supply limitations remain even more critical. In 
recent years, there has been some significant practical use of methanol as a specific form of 
biofuel for shipping, with Stena having converted one of its ferries to run on the fuel and a few 
Japanese dry bulk carriers having been specifically designed and built with methanol fueled 
engines. 

 
Ultimately, there remain some significant concerns over the use of biofuels in shipping. In the 
first instance the production process for biofuels means that the environmental benefits are 
not entirely clear-cut. In addition, the potential productive capacity is a major concern. Even 
if production capacity can be increased, it will be expensive, and there are concerns in 
maritime circles that priority in supply will be given to fulfill the likely high demand from land 
transport, notably, cars. The European Commission (EC) has recently proposed, however, that 
the use of advanced alternative fuels in the aviation and maritime sectors can be counted 1.2 
times toward their 6.8% renewable energy mandate, with the objective that this may 
incentivize greater use of biofuels in the maritime sector (ICCT, 2017). 
Nuclear power 
Nuclear power has a proven track record as a marine fuel in military vessels. However, nuclear 
power is still very negatively perceived by the public. This creates its own political sensitivities, 
especially in relation to the acceptance and reception of such ships in ports and the complex 
legal issues which may arise from their deployment; for example, in relation to the role of the 
International Atomic Energy Agency in maritime affairs (ECSA/ICS, 2008). Even if political and 
social barriers were to be overcome, crew competency and training needs are likely to be a 
significant barrier to the commercial application of nuclear power, with the controversial issue 
of disposal of nuclear waste being a further complicating factor. 
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Science Sphere prototype (https://swordstoday.ie/) 
 
Hydrogen 
The main form of hydrogen to be used in transport is the hydrogen fuel cell. This is a device 
which converts hydrogen gas and oxygen into water via a process which generates electricity. 
Proton exchange membrane fuel cells (PEMFC) are being developed for both transport and 
stationary applications (such as power for warehouses). PEMFCs are not new; they were 
invented in the 1950s by General Motors and were used by National Aeronautics and Space 
Administration in the Gemini space project. The PEMFC works by harnessing the chemical 
energy, which results from the reaction of hydrogen and oxygen and transforming it into 
electrical energy. It is very efficient at energy production and, to all intents and purposes, is 
totally recyclable. The main environmental benefit of hydrogen is that its only real emission is 
water vapor. As more research into the use of hydrogen is carried out, however, major doubts 
have crept in concerning its environmental credentials.  

 
Hyundai Motor ship powered by hydrogen fuel cells prototype 
(http://www.businesskorea.co.kr/) 
 
The Policy on Reducing Shipping Emissions principal issues of contention are fivefold 
(Cullinane and Edwards, 2010: p. 313): 
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1. Hydrogen is “an energy carrier, not an energy source” (EurActiv, 2006). This means that it 
has to be produced from other sources (coal, nuclear, and so on), so it is only as clean as these 
source fuels. Eyre et al. (2002) concluded that because of the shortage of renewable energy, 
it is more efficient to use renewables for purposes other than hydrogen formation. 
2. The pollutant emissions from hydrogen have also been challenged. Hydrogen is an indirect 
GHG with a potential global warming effect because emissions of hydrogen lead to increased 
burdens of methane and ozone (Collins et al., 2002). 
3. In order to be able to produce hydrogen fuel cells, a small amount of platinum is required 
(to act as a catalyst), and there are substantial negative environmental effects associated with 
the mining and refining of platinum. 
4. A whole new refueling infrastructure needs to be developed. 
5. At present, the fuel cells still do not allow long-distance travel (i.e., their range is limited). 
The practical deployment of hydrogen as a fuel within shipping is currently minimal and 
limited solely to highly specialized vessels largely in Scandinavia (particularly Iceland), but 
research is ongoing into various fuel cell technologies, particularly the use of liquid natural gas 
(LNG) for use with fuel cells and, ultimately, the possibility of ships creating their own 
hydrogen from the seawater on which they travel. l Wind and solar. Several shipping 
companies have experimented with wind and solar energy. In 2008, for instance, the largest 
Japanese shipping company, NYK, launched its car-carrier, the Auriga Leader, equipped with 
328 solar panels costing US$1.68 million. This was in addition to the higher cost of the ship 
itself since an innovative design had to be implemented to ensure maximum exposure of the 
deck-mounted panels to sunlight. Trials over the first year of voyages found that the power 
generated by the 40 KW system represented the equivalent of only 0.05% of the ship’s 
propulsion power and 1% of its onboard electricity consumption (Eason, 2009). 
In Denmark, the Windships project uses new technologies and material developed in the 
aerospace sector to fit high-performance steel masts and fiberglass sails with a profile like an 
aircraft wing to bulk carriers of up to 50,000 tons. Unlike traditional sails, these are controlled 
hydraulically from the bridge. Sails, however, exert aerodynamic drag which negates some of 
the accrued fuel savings (Hamer, 2005). The German company SkySails has tried to mitigate 
this disadvantage by developing innovative inflatable aerofoils which are winched up a height 
of 100-500 m and act like a large kite to pull the ship. The main disadvantage of this system is 
that there is a fairly significant fixed cost associated with winching the sails up and down. 
Additionally, the world’s prevailing winds are unidirectional (Hamer, 2005). The ECSA/ICS 
(2008) suggest that both solar and wind power could become important supplementary 
sources of energy but that they are unlikely to ever be more than this. 
 
Liquefied Natural Gas 
Using LNG as a fuel for ships is undoubtedly one of the best available options in terms of 
environmental performance, as it emits only small amounts of NOx (1.42 g per kW h), SOx 
(0.00154 g per kW h) and PM. In addition, the use of LNG will also yield quite a significant 
reduction in CO2 emissions. There are very large reserves of LNG, so it is regarded as a fuel of 
the future. In addition, LNG remains a relatively cheap fuel alternative; in November 2017 the 
price of LNG was quoted as US$ 1.84/ MMBtu at the Nova Inventory Transfer in Alberta and 
US$ 3.05/MMBtu at the Henry Hub (National Energy Board of Canada, 2018). This compares 
to a price for IFO 380 at the same date of US$ 9.93/MMBtu (Bunkerindex, 2018).  
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LNG powered ship (https://www.dnv.com/maritime/insights/topics/lng-as-marine-fuel/) 
 
However, despite the benefits in terms of fuel cost and the environment, there are several 
practical difficulties that need to be overcome in utilizing LNG as a fuel for ships. These include 
various technical storage and logistical issues relating to the space requirements for natural 
gas, both ashore and onboard (Einang, 2007); the specialized nature of the technology 
required for handling LNG and; the limited number of currently available locations for 
supplying ships with LNG (though distribution facilities, particularly within the Northern 
European Emissions Control Area (ECA), have been multiplying in recent years). By far the 
most critical difficulty lies with the fact that shipbuilding costs will be as much as 20% - 25% 
higher than ships with conventional engines (Det Norske Veritas, 2005), at least in the short-
term until such point that LNG-powered ships achieve the status of an established and 
standard design. Clearly, this could have a significant influence over the economics of 
operating ships using LNG as a fuel. Perhaps, a more attractive option in the future might be 
the conversion of existing ships driven by standard marine fuels to LNG operation. The first 
conversion of this type was conducted on the “BIT Viking” and was completed in November 
2011 (Wartsila, 2011). 
In summary, therefore current technologies suggest that the immediate use of LNG as a 
marine fuel will be limited to auxiliary engines, main engines when used on shorter voyages 
and LNG ships (where relatively minute proportions of the cargo can be used to power the 
ship). Also, while LNG may not be immediately relevant to ocean-going vessels, it certainly has 
great potential for use in short sea shipping, including the ferry sector. The Norwegian 
government’s NOx Fund already subsidizes the difference in construction costs for LNG-fueled 
ferries, compared with the cost of traditional diesel-powered ferries, and the EU has 
committed to establishing infrastructure which will allow LNG to be available to ships in all of 
its 144 maritime and inland ports by 2025 (Keating, 2013). This forms Policy on Reducing 
Shipping Emissions part of the EU’s commitment to developing a comprehensive and 
formalstrategy on the use of LNG for shipping (European Commission, 2013). 
 
6.6 Cold ironing - Shore Power Supply 
Vessel emissions in ports are increasingly of concern, especially for SOx, NOx, and PM that 
affect the health of local populations. Vessel emissions in ports are mainly addressed by the 
methods of cold ironing, use of LNG, and vessel speed reduction in the port. 

https://www.dnv.com/maritime/insights/topics/lng-as-marine-fuel/
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Cold ironing (or onshore power supply [OPS] or shore-side electricity [SSE]) is the process 
whereby ships at berth connect to SSE rather than running their auxiliary generators to 
provide power for hoteling (as engines are constructed from iron, turning the engine off while 
in port means the vessel is obtaining their energy requirements while the iron is cold; hence 
the vessel is said to be “cold ironing”). Its efficacy in terms of emission reduction depends on 
the proportion of renewable energy generation in that country; so countries with less 
environmentally friendly electricity production will simply be transferring emissions 
elsewhere. Vaishnav et al. (2016) found that USD 70-150 million could be saved on health 
costs by retrofitting OPS equipment to a quarter to two-thirds of all vessels calling at US ports. 

 
Cold ironing in Stockholm port (https://safety4sea.com_  
 
According to the WPCI (2018b), there are only 28 ports in the world with cold ironing installed, 
which represents how low the take-up has been so far. Almost all are large ports with high 
total energy demand, also in most cases concentrated in a small number of berths, such as a 
specialized cruise or container terminal, particularly the former as they have higher hoteling 
requirements than other vessels due to the number of passengers on board. The primary 
barriers are the expense of installation and the fact that each vessel must also install the 
connecting technology on board, which they will only do if they are likely to use it frequently 
(Sciberras et al., 2015; Innes and Monios, 2018). However, for those vessels that do call 
frequently at the same ports, they can make significant savings by paying for electricity rather 
than fuel, especially as fuel costs rise (particularly for MGO that is used for smaller vessels, but 
demand is rising due to larger vessels using it in SECAs). 
Moreover, ports can incentivize use by subsidizing the electricity price, and indeed the Port of 
Gothenburg currently charges nothing for the electricity provision. Just like using LNG while in 
the open sea, using LNG in vessels approaching the port and in the port area is an attractive 
option for reducing emissions (Styhre et al., 2017). The same challenges occur as with use at 
sea regarding refueling points and supply. Using LNG at berth can be an alternative to cold 
ironing, particularly as it almost eliminates local air pollution that is the key issue for ports in 
city locations with local populations. As Winnes et al. (2015: 81) point out, “since the share of 
total GHG emissions in port areas are low compared to emissions during voyage, a port city 
might be more benefited from prioritizing local issues before global.” Thus while LNG only 
partially reduces GHG emissions compared to cold ironing, its performance with local air 
emissions is almost equal and it does not require the same infrastructure investments as cold 
ironing. On the other hand, it will not reduce engine noise as cold ironing does, and there 
remains an expense for vessels to be able to adapt their engines. Just as at sea, slow steaming 
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at and near the port can also be used to reduce fuel consumption hence emissions, although 
the savings are not the same at lower speeds, particularly below the vessel’s design speed 
(Winnes et al., 2015). 
Emissions actually produced by port activities contribute less of the total emissions but can be 
addressed through various methods, although in general only a small number of ports actually 
measure their emissions. Wilmsmeier and Spengler (2016) explored ways of increasing energy 
efficiency by means of more modern handling equipment, differentiated port and terminal 
charges, and implementing energy management systems. 
Acciaro et al. (2014a) discussed ports implementing energy demand management strategies 
and generating their own green energy onsite (e.g., wind turbines, solar panels, heat plants) 
and showed that, while ports do not necessarily consider energy production as a source of 
external revenue, managing both supply and demand can reduce their costs and 
environmental footprint. 
As well as modelling emission reductions through various strategies (e.g., Yang et al., 2012; 
Gibbs et al., 2014), some authors have taken a management perspective on the kind of 
measures available for port managers and the challenges associated with each one (e.g., Lam 
and Notteboom, 2014; Acciaro et al., 2014b). Successful identification and implementation of 
more sustainable practices entail a strong governance component. Acciaro et al. (2014b: 481) 
argue for a multifaceted understanding of the port, including not just operational functions 
but also the port’s roles as landlord, regulator, and community manager, noting that 
“efficiency, growth, regulatory compliance and environmental sustainability.can at times lead 
to diverging priorities.” 
Lam and Notteboom (2014) point out that port authorities are not the only actor involved in 
setting regulatory policies; thus they often focus on voluntary schemes such as clean ship 
indices and discounts. Indeed some ports around the world have implemented various indices 
to incentivize greener vessels by offering discounts on port dues to carriers calling at their 
ports according to certain criteria. This is an indirect way to influence the environmental 
performance of vessels at sea, in addition to their actual emissions within the port area. 
All of these strategies relate to climate change mitigation, i.e., reducing environmental 
pollution. But we must also consider adaptation, which is dealing with the consequences such 
as sea level rise and storm surges, which are already occurring. Nicholls et al. (2008) estimated 
the value of assets in large coastal cities exposed to climate change at USD 3000 billion in 2005 
and predicted a rise to USD 35,000 billion or 9% of global GDP by 2070. Climate change 
adaptation by ports has become a significant area of study in recent years (Ng et al., 2016). 
 
Benefits of cold ironing and possible challenges 
Cold ironing mainly provides social and environmental benefits. Specifically, if the technology 
is implemented right, it can significantly improve the air quality, by reducing CO2 emissions. In 
fact, because of the high efficiency of cold ironing, and due to the facilities that cut emissions 
in plants, we can save over 30% of CO2 emissions and more than 95% of NOx and particulate. 
As a study reports, in 10 hours of stop of a cruise ship, its emissions decrease from 72.2 to 
50.1 tonnes of CO2, from 1.47 to 0.04 tonnes of nitrogen oxide, and from 1.23 to 0.04 tonnes 
of sulphur oxide. 
In addition, another study has calculated the overall capital cost of installing cold ironing 
technology to medium-sized ports. It found that the cost would be around £6.6 m (€7.4 m), 
while the system would save annual emissions of 108 tonnes of NOx, 2.7 tonnes of PM and 
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4,767 tonnes of CO2 emissions worth £1.3 m (€1.4 m). As for the payback of this process, the 
report says that in the best-case scenario, the external cost benefits would return the system 
capital and operating costs in only 7.0 years, or 3.5 years if subsidised 50% by the EU. 
But the benefits do not only regard limited emissions and costs. Specifically, cold ironing: 

▪ Reduces noise pollution; 
▪ Provides better onboard comfort while in port; 
▪ Provides green profile for ship owners and customers; 
▪ Reduces lifecycle cost by fewer fuel consumption and maintenance cost. 

 
Ports offering cold ironing around the world 
Despite the challenges that may arise from the installation of cold ironing systems, it seems 
that many large ports have already implemented this solution. 

▪ Port of Los Angeles 
On June 21, 2004, the Port of Los Angeles opened the West Basin Container Terminal at Berth 
100. This was the first container terminal in the world to use cold ironing. Nearly two months 
later on August 9, 2004, the Port welcomed the world’s first container vessel to be built with 
cold ironing specifications, NYK’s NYK Atlas. 

▪ Port of Long Beach 
When California mandated that at least half of all container ships run on shore-side electricity 
at berth, on 2014, the Port completed more than $185 million worth of dockside power 
hookups and other infrastructure to facilitate shore power. 

▪ Port of Seattle 
A partnership between the Port of Seattle and Princess Cruises and Holland America Line, 
resulted in important emissions reductions while vessels berth. Simply by “plugging in” to the 
city grid and turning off their engines, ships are reducing annual CO2 emissions by up to 29%, 
with financial savings of up to 26% per call. 

▪ Port of Antwerp 
The Antwerp Port Authority wants to create the necessary conditions to supply onshore power 
for seagoing ships in the port. For this reason, it signed two agreements on 2018 to enable 
onshore power for seagoing vessels in the port area to be realized. 

▪ First shore power supply in East Mediterranean 
In a major milestone for the Mediterranean, Greece’s Port of Killini accommodates the first 
shore-to-ship (STS) electrical supply connection in Eastern Mediterranean. The Ro-pax ferry 
‘Fior Di Levante’ plugged into the region’s first shore power facility on 20 December, 2018. 

▪ Port of Hamburg 
Siemens has developed a turnkey onshore power supply for the Hamburg Port Authority (HPA) 
that will provide grid power to docked ships at the Hamburg Altona cruise terminal. The new 
cold ironing facility allows cruise ships calling at the port to turn off the generators while 
receiving shoreside electrical power. The ship fuel consumption releases harmful gases that 
affect the residential and commercial areas nearby as the port is located in the middle of the 
city. Cruise ships release nitrogen oxides and carbon dioxide that forms smog and acid rain. In 
addition, running ship engines cause a high level of noise pollution. 
SIHARBOR solution can match any ship’s electrical system as it has a frequency converter with 
control software, which alters the frequency of the local distribution grid, and a transformer 
that adjusts the voltage. The system is also equipped with a custom-built, mobile robot arm 
specifically designed for a tidal range of up to nine metres. 
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Siemens’ Hans-Erhard Schmidt said: “With the shoreside power supply, ships, including cruise 
ships, which can often be berthed for ten hours or more, and other vessels can shut down 
their diesel engines in port to be supplied with clean energy from shore and cut their emissions 
to zero”. 
 
6.7 Conclusions 
The idea of gradually replacing the classic fuels, used for the purpose of providing propulsion 
and for the generation of the electricity and heat necessary for commercial vessels, with 
renewable energy sources becomes a reality due to two fundamental factors. Firstly, there is 
a concern at the level of environmental policies of global interest to remove pollutant fuels 
from ships. Secondly, the price of these fuels is expected to increase significantly in the future 
as oil reserves fall, while the costs associated with renewable energy conversion systems are 
falling. 
In the search for a 'green ship', the following alternative solutions are currently being 
considered to improve energy efficiency and reduce pollutant emissions from the operation 
of ships: 

a) rigid sails, for the capitalization of available wind energy, as well as the capture of solar 
energy by integrating photovoltaic cells into the material from which the sail is made; 

b) kite systems, the most suitable technological solutions in the short term due to the 
ease of installation and adaptation on board ships, low costs and high performance, as 
well as the fact that they do not require qualified personnel for operation; 

c) horizontally spindle wind turbines, however limited in terms of electricity production 
by their size and influence on the stability and load capacity of the ship; 

d) hydrogen fuel cell systems, with the best prospects for the future due to the 
abundance of hydrogen as an element in nature and the fact that it can be used in 
hybrid systems (in combination with wind turbines or photovoltaic systems); 

e) photovoltaic systems, influenced by the solar radiation available on the transited 
routes, as well as by the conversion efficiency and the space required for installation; 

f) solar-thermal systems for various functionalities, such as domestic hot water 
production and desalination of water. 
 
From going through the literature and technological and commercial information 

dedicated to naval transport, it emerged that technological solutions based on the use of 
renewable energy sources are alternatives for improving the energy efficiency of commercial 
vessels by reducing dependence on fossil fuels. The studies carried out so far focus on the 
main exploitation of wind energy. It is also considered appropriate, in the background, to 
capture solar energy and convert it into electricity. 

It is worth noting that the issue of converting solar energy into thermal energy, based 
on the use of solar-thermal collectors, is still in its infancy, having a real potential, incompletely 
exploited. As a rule, in existing (implemented) solar-thermal systems, collectors are arranged 
horizontally, which leads to very high efficiency losses.  
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7. Ecosystem-based approach:  
 
7.1 Ecosystem functions and marine resources, sustainable ocean governance and responsible 
ocean business practice, United Nations 2030 Agenda for Sustainable Development 
 
Functions Of Ocean Ecosystem 
 
The term “ecosystem” is quite recent (Tansley, 1935), it is now part of the mainstream of 
ecological science. An ecosystem is defined as “a spatially explicit unit of earth that includes 
all of the organisms, along with all the components of the abiotic environment within its 
boundaries” (Likens, 1992). A marine ecosystem contains detritus, hundreds of kinds of 
organisms including bacteria, phytoplankton, zooplankton, fishes, mammals, birds, etc. All 
these components are connected in a complex food web by evolving interactions Figure 1 
(Cury et all., 2001). 
 

 
Figure 7.1 The complexity of the interactions between the different components of the 
ecosystems (Adapted from Cury et all., 2001). 
 
Marine ecosystem functioning depends on its structure, diversity and integrity. Alteration or 
disturbance of one or several components of marine ecosystems can have strong effects on 
higher or lower trophic levels, depending on whether food webs are controlled by resources 
or by predators. Below following here is  functions of the ocean ecosystem and the following 
of threats (Adapted from https://deepoceanfacts.com/functions-of-ocean-ecosystem) 
 

https://deepoceanfacts.com/functions-of-ocean-ecosystem
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1. The process of photosynthesis 
 Photosynthesis that takes place in the ocean has a huge impact on the ecosystem in it. 
Oxygen, the marine ecosystem needs oxygen. 
The process of photosynthesis in oceans such as these, algae or marine plants together with 
water and carbon dioxide exposed to this sunlight and it will produce oxygen. Which the 
oxygen is the primary requirement for all marine biodiversity in the oceans. 
2. Decomposers 
 Decomposers are a process of decomposition that occurs in living things that have 
died. The benefits of decomposers at the oceans are as auxiliary nutrient cycles returning to 
the ecosystem. 
Imagine, if the marine living beings have died and there is no decomposition process there is 
garbage piled up in the oceans. That’s why decomposers have an important role in the 
ecosystem of the ocean.  
3. The cycle of the food chain 
 The marine ecosystem will become balanced when the food chain cycle also spins on 
its speed. Examples of cycles of this food cycle; algae that do the process of photosynthesis 
able to produce its own food for its growth. Algae were then eaten by small fish and small fish 
are eaten by large fish. Furthermore, large fish are eaten by predators. The dead and decaying 
predators are finally broken down by decomposers. That’s an example of a simple cycle of the 
food chain. 
4. The place of development and evolution of biodiversity 
 Where there is a food chain cycle, this is where the development and evolution of 
marine biodiversity occurs. The ecosystem makes a place for marine biodiversity to grow, 
develop, and evolve for certain species, such as fish, whales, sharks and other marine animals. 
The development and evolution of marine animals have been studied for a long time, that in 
ancient times it was evident that many transitions from the original marine animals turned 
into legged animals and they live on land.  
5. Big wave barrier 
 The coral reef is one part of the ecosystem that has an important role. One of them is 
as a protector or barrier from the waves of the sea or other natural disasters. Coral reefs are 
reported to be able to muffle large waves though and prevent seawater to enter the 
coastlines. Until finally the sea water will be muted back by the mangrove forest located at 
the shorelines. 
6. Food sources of living things 
 Furthermore, other functions of the marine ecosystem are as a source of food for living 
things both living within and around. The food chain cycle in the ocean has many kinds, like 
this example. Phytoplankton converts solar energy to be used as food reserves. This 
phytoplankton is then eaten by small fish. Then the small fish is eaten by the crane. In here, 
the stork can be eaten on by sea snakes or crocodiles where it is a high-level organism.After 
that, the dead crocodile is decomposed by the decomposer. So, it’s indeed all the food sources 
in the oceans are needed by all living things even humans. 
7. Sources of raw materials of medicines 
 In addition to being a source of high protein foods, human use of marine ecosystems 
to serve as a source of raw material of medicine. Soft corals have many bioactive compounds 
that can be studied can be used as anti-cancer drugs, anti-bacterial, anti-asthma, and anti-
fouling. 
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Furthermore the sea cucumbers, marine animals in addition to consumed as food also has the 
potential to cope with various diseases such as stroke, diabetes, hepatitis, arthritis, and 
others. 
Even a variety of fish such as tuna and milkfish have rich of Omega 3 which potentially increase 
intelligence and maintain heart health. 
8. Protector or home for biodiversity in the oceans 
 An ecosystem will not be formed if there is no mutual relationship between living 
things with each other. Homes or protectors for marine biodiversity are coral reefs. 
Coral reefs can provide protection against various biodiversity within. The presence of coral 
reefs also causes an ecosystem to form. 
 This is why the role of coral reefs is critical to the biodiversity of the oceans.Just 
imagine if coral reefs have been gone, how is the marine life, whether it remains balanced or 
not? 9.Climate change 
 Extreme climate change can be a threat to marine ecosystems. Temperature rising 
seawater can make some species move from one place to another. Even extreme climate 
change can lead to a number of species damaged and dead, such as coral bleaching found in 
many oceans. 
Extreme weather not only threatens the biodiversity that lives in the ocean but also has the 
potential to threaten human safety. Fishermen are once the example. Sea waves with a height 
of 3 meters can occur due to strong winds in the ocean area. 
10. The occurrence of natural disasters 
 The eruption of volcanoes, tsunamis, and storms are some examples of natural 
disasters that can occur in marine and coastal areas. Natural disasters are indeed 
unpredictable natural phenomena when and where they occur. 
 However, natural disasters can be known some of his signs. It was like the tsunami that 
once spent part of the offshore west of Sumatra, Indonesia in 2004. 
Before the tsunami there were several natural signs of the earth, such as the occurrence of 
tectonic and volcanic earthquakes, a large roar from the distance, the sea receded suddenly, 
until the migration of animals from one place to another. 
 
11. Predators 
 The high level of predators in an ecosystem can be a threat to other living beings in the 
ocean. Some examples of marine predators are sharks, whales, sea snakes, snake dragon fish, 
stargazer fish and many other predatory animals. 
 The high level of predators in addition to bringing threats to marine life, it is also a 
threat to living things that living along the shore. Storks, sea lions, crabs, even humans can 
also be their prey That’s why we must keep the ecosystem of the ocean as well as possible. 
12. Ocean pollution 
 One of the greatest threats to the life of marine ecosystems, ocean pollution. Ocean 
pollution not only comes from land but air and sea as well. Garbage in the area of the beach 
which was then washed away by seawater content of compounds in it will pollute the oceans 
and even in consumption by the fish that live therein. 
 Researched for 25 percent of fish’s contents have been contaminated by plastic waste. 
Of course, the fish affected by this waste will have a bad impact on human health if consumed 
continuously.  
13. Disease 
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 Infection and fungus is a disease that is often owned by some marine fish. The cause 
of this disease is caused by changes in water salinity, too low or high pH of seawater, oxygen 
deprivation in the ocean, the presence of toxic substances and poor food nutrition.Currently, 
in the ocean, there are still many humans who are not responsible for disposing of waste 
directly to the oceans. 
 Waste on the ocean that is consumed in fish or marine mammals can cause illness for 
them. Many reported large whales stranded on the coast suffered serious infections and died 
from consuming waste discharged into the sea through of the cruise ships. 
14. Coral coral bleaching 
 Coral reefs are one of the three most important biotic ecosystems in the coastal region. 
Coral bleaching is a process of damage experienced by coral reefs in the form of discoloration 
of coral tissue. Where the color of coral reef first colored brown that is changed into white. 
 The original cause of coral bleaching is the loss of zooxanthellae, a symbiotic alga that 
lives in coral tissue. Without it, the life in coral reef will be greatly threatened. 
Another reason for coral bleaching because of climate change and human activities that make 
coral bleaching is increasingly widespread. See also importance of coral in the Great Barrier 
Reef 
 
15. The destruction of ecosystems in mangrove forests 
 Illegal logging of mangrove forests on a large scale can pose a great threat especially 
to living things living in the area and even humans as well. 
 Mangrove forests are a place for living creatures to take shelter, nursery grounds and 
most importantly to protect the coast from abrasion and tsunami. The living of mangrove 
forest is not only small fishes, reptiles, crabs, snails, seagulls, stork, even to various species of 
plants found in mangrove forests. 
16. The quality of marine resources is declining 
 Coral bleaching, mangrove forest destruction, and high levels of pollution can make 
the quality of marine resources decline. Without realizing it, the decline in the quality of this 
resource is actually caused by the human activity itself. 
 Humans are greedy for the benefit of, they willing to damage the ecosystem where the 
ecosystem is important for the life of living things in it. If there is no prevention of this, the 
fish may become completely extinct.  
17. Mortality of biodiversity in ocean increases 
 The final impact of the threat of marine ecosystems is increased mortality on biological 
resources. Sedimentation, mining activity caused by sedimentation can decrease the intensity 
of sunlight required by sea creatures. 
 While sedimentation is increasing, mortality in coral reef community is getting higher. 
If coral reefs die, a fish crisis will occur. The fish crisis can be seen from the size of the fish 
captured and the decreasing number of catches. 
 Hopefully, the 17  functions of ocean ecosystem can be benefit for us. Ocean 
ecosystem should be kept as well as possible. The balanced of ocean ecosystem life will be 
balanced to human life too. 
 
7.1.1 Sustainable Ocean governance and responsible ocean business practice 
 

https://deepoceanfacts.com/importance-of-coral-in-the-great-barrier-reef
https://deepoceanfacts.com/importance-of-coral-in-the-great-barrier-reef


 

105 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the 

views only of the authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information 

contained therein” 

 The Second Session of UNEA convened on 23-27 May 2016 and adopted 24 resolutions 
on key environmental issues, including a resolution on the “Delivering on the 2030 Agenda for 
Sustainable Development.” The relevant outputs of UNEA to the theme of leaving no one 
behind are included in the summary below. 
 
7.1.2 United Nations 2030 Agenda for Sustainable Development.  
 
 1. The 2030 Agenda for sustainable development represents a paradigm shift to 
replace today’s growth-based economic model with a new model that aims to achieve 
sustainable and equitable economies and societies worldwide and ensure greater public 
participation in decision-making, in line with Principle 10 of the Rio Declaration on 
Environment and Development. The 2030 Agenda is strongly grounded in international human 
rights standards and sets out a transformative vision for people and planet-centred, human 
rights-based, and gender-sensitive sustainable development. It has equality and non-
discrimination as its centrepiece with the overall aim “to leave no one behind” by “reaching 
the furthest behind first” and by ensuring that SDG targets are met “for all nationals and 
peoples and for all segments of society”. 
 2. The environment plays a pivotal role in lifting people out of poverty, in ending 
hunger, in growing our economies, in building peaceful, just and inclusive societies, and in 
promoting the health of our people and this planet. 
 3. More than half of the Sustainable Development Goals have an environmental focus 
or address the sustainability of natural resources: poverty, health, food and agriculture, water 
and sanitation, human settlements, energy, climate change, sustainable consumption and 
production, oceans and terrestrial ecosystems. Over 86 targets are concerned with 
environmental sustainability, including at least one in each of the 17 Goals. 
 4. Integration across all SDGs means that progress on one cannot be achieved without 
progress on the other Goals. For example, building resilience and reducing vulnerability in 
human populations (SDG 1) requires access to food (SDG 2) and sustainable food production 
systems (SDG7 7), a reduction in losses owing to disasters (SDG 11) and a strengthened 
resilience to climate change (SDG 13). The emphasis on the interlinkanges between the three 
dimensions is present in all 17 SDGs, making the 2030 Agenda truly integrated. 
 
7.1.3  Policy recommendations on ways to accelerate progress for those at risk of being left  
behind 
  Current global environmental trends risk reversing decades of progress in 
development, health and human rights and through the combined effects of climate change, 
biodiversity loss and the degradation of the earth’s natural systems. In order to meet this 
challenge, actions need to address critical environment linkages with social and economic 
goals, including on human rights, health and wellbeing. The following policy 
recommendations, which were considered by UNEA in 2016, aim at supporting the transition 
to an inclusive low carbon economy, in which no one is left behind and is linked to ecosystem 
resilience, healthy environment, human rights, good health and wellbeing: 

• Deliver more effectively and equitably on the 2030 Agenda for Sustainable 
Development by using the environment-health nexus as a crosscutting solution 
through international, regional, national and local cooperation. Address the 
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environment health-nexus on efficiency grounds, but also for distributive justice and 
to address the ethical and legal obligations of States. 

• Follow an approach to reducing inequalities and eliminating discrimination grounded 
in human rights standards by recognizing and using the human rights-environment 
nexus. This requires revisiting traditional approaches to the work on inequalities to 
better identify who is being left behind and why, and to effectively monitor progress 
and moving beyond ‘business as usual’ towards an approach that includes: 

o Systematically analysing and monitoring disaggregated data, and placing a 
particular focus on all prohibited grounds of discrimination and groups 
specifically protected under international human rights treaties. 

o Developing new tools for equality and equity monitoring to capture 
discrimination, exclusion and stigma, while paying attention to multiple and 
intersecting forms of discrimination. 

o Developing Monitoring methodologies to assess the progressive reduction of 
different kinds of inequalities over time: Collecting disaggregated data will 
provide useful information on the gaps between social groups, but will not in 
and of itself ensure that the most disadvantaged are not ‘left behind’ or ‘left 
until last’. 

o Collaborating With UN System entities to develop a common strategy to 
address the structural and root causes of inequality and discrimination in 
policies, programming and advocacy: Contributing To common tools and 
methodologies for monitoring and tracking progress in reducing inequalities 
will be critically important for evidence---based policy development, but the 
UN’s Human rights approach also requires analysing and addressing the 
structural and root causes that underlie the patterns of inequality and 
discrimination. 

• Strengthen multi-level environmental governance through: 
o The development and implementation of integrated policies, international and 

national legislation and actions incorporating specific measures targeting the 
most vulnerable, including women and children, and through them future 
generations. 

o The involvement of the public and private sector, researchers, relevant 
stakeholders and citizens in creative strategic partnerships which can foster 
innovation and disseminate good practices. 

o The increase integration and coherence of the environmental dimension of the 
different international agreements including the Sendai Framework for DRR, 
the Addis Abeba Agenda for Action on financing for sustainable development, 
the Paris Agreement on climate change and the United Nations Conference on 
Housing and Sustainable Urban Development (Habitat III). 

o The enhancement of the communication, collaboration and cooperation 
between UN agencies and of interagency processes dealing with environmental 
issues and their linkages to conflicts, humanitarian crisis, forced displacement 
disasters, human-rights and socio-economic development. 
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7.2. Impacts of climate change and the growing human use, mitigating adverse human impacts 
and restoring ecosystem function: Litter at bottom and floating litter; Awareness of hotspots 
and main sources. 
 
The ocean is essential for all aspects of human well-being and livelihood. It provides key 
services like climate regulation, through the energy budget, carbon cycle and nutrient cycle. 
The ocean is the home of biodiversity ranging from microbes to marine mammals that form a 
wide variety of ecosystems in open pelagic and coastal ocean. 
 
7.2.1  Motion for a European parliament resolution on the impacts of climate change on 
vulnerable populations in developing countries (2020/2042(INI)) (Adapted from 
https://www.europarl.europa.eu/doceo/document/A-9-2021-0115_EN.html) 
 
 
        1. The impacts of climate change include increased frequency and gravity of storms, 
hurricanes, floods, landslides, extreme heat waves, droughts, water scarcity, forest fires and 
other disasters, as well as slow-onset processes such as rising sea levels, coastal erosion, 
salinisation, gradual changes in rainfall patterns, permafrost thawing, and the decline and 
displacement of animal and plant populations; whereas these phenomena directly or 
indirectly also threaten the full enjoyment of human rights, including the rights to life, water 
and sanitation, food, health and housing; whereas the impacts of climate change undermine 
countries’ development prospects, act as a risk multiplier for drought, famine and hence 
conflict and forced displacement, and deepen existing vulnerabilities, inequalities and gender 
discrimination;  
         2.  Developing countries, which bear the least responsibility for global warming, 
are more exposed and whereas the poorest and already most vulnerable populations in these 
countries, including women, who make up 70 % of the world’s poorest people, are even worse 
affected, because their dwellings tend to be located in areas more prone to flooding, 
landslides, drought, etc., because they lack the means to increase their resilience and because 
they tend to live from agriculture, fishing and other activities based on natural resources, the 
presence of which may decrease or even cease; whereas the impacts of climate change will 
lead to an increase in the already high number of people in need of humanitarian assistance; 
        3.  According to a recent study by Oxfam on confronting carbon inequality, between 1990 
and 2015 the wealthiest 1 % of the world’s population were responsible for the emission of 
more than twice as much carbon dioxide as the world’s poorer half, while the richest 10 % of 
the global population were responsible for about 52 % of global emissions; 
          4.  Whereas equity is a guiding principle of the UNFCCC and the Paris Agreement; 
5.  Poverty and inequality are both a cause and an effect of vulnerability and related 
displacement; whereas reducing poverty and inequality is therefore intrinsically linked with 
climate action and must more clearly guide the EU’s development policy, with support from 
other EU policies affecting developing countries, as stipulated by Article 208 of the TFEU;  
 6. Vulnerability to the impacts of climate change is both a cause and an effect of 
conflicts, as people with increasingly precarious access to vital resources such as water, land 
and food, in some cases as a consequence of water and/or land-grabbing, pollution and 

https://oeil.secure.europarl.europa.eu/oeil/popups/ficheprocedure.do?lang=en&reference=2020/2042(INI)
https://www.europarl.europa.eu/doceo/document/A-9-2021-0115_EN.html
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ecosystem degradation, get caught up in competition and conflicts that can be destructive to 
both the contested resources and people’s ability to cope, leaving them even more vulnerable; 
whereas addressing vulnerability is hugely important for conflict prevention, and vice versa; 
       7.  The impacts of climate change on vulnerable populations can exacerbate migratory 
flows to the Member States; whereas people who are forced to flee their countries due to the 
effects of climate change are currently not entitled to apply for asylum, subsidiary protection 
or temporary protection; 
           8.   The basic principles of the UN’s 2030 Agenda for Sustainable Development 
include leaving no one behind and addressing the needs of those furthest behind first; 
whereas a comprehensive strategy is needed for implementing this in the EU’s climate-related 
policies;  
      9  Poverty and inequality should be understood in a broad sense that includes deprivation 
of access to vital resources of all kinds, including education, as well as discrimination and social 
and cultural bias, which reduce possible life choices and adaptation capabilities; whereas 
women, children, elderly people, persons with disabilities, indigenous peoples and religious 
minorities are often subject to discrimination; 
10. Whereas forests are essential for carbon storage; whereas protecting the rights and 
livelihoods of indigenous and local communities that live in forests goes hand in hand with 
forest preservation; whereas indigenous peoples and local communities play a vital role in the 
sustainable management of natural resources and conservation of biodiversity; whereas a 
report by the UN Special Rapporteur on the rights of indigenous peoples indicates that the 
cultivation of biofuel feedstock such as palm oil and the construction of large hydropower 
dams risk going against the protection of their rights and livelihoods and ending the 
continuous, efficient carbon storage carried out by biodiverse forests;  
  The IPCC expects climate change to reduce the maximum catch potential of 
fisheries by more than 20 % by the end of this century, posing a grave threat to local fishing 
communities and to the provision of protein to undernourished populations; whereas in a 
business-as-usual scenario, climate change is expected to reduce fish biomass by between 30 
and 40 % in some tropical regions by 2100; whereas countries in these areas are highly 
dependent on fisheries, but lack the social and financial resources to be able to adapt and 
prepare for the future; 
 Indigenous peoples remain among the poorest of the poor and are disproportionately 
vulnerable to climate change, as they are strongly dependent on land, natural resources and 
ecosystems for their basic needs and livelihoods; whereas at the same time, a growing body 
of research suggests that indigenous peoples have an established record of adapting to 
climate variability by drawing on their traditional knowledge, which enhances their resilience; 
         11  The lack of recognition for the customary land rights of indigenous peoples and 
communities leaves them vulnerable to land-grabbing, thereby jeopardising their livelihoods 
and ability to respond to climate change or biodiversity loss; 
12.  The UN Special Rapporteur on the rights of indigenous peoples has identified the 
extractive industries as the main source of conflict and violence on the territories of 
indigenous peoples; 
13.   The destruction of wildlife habitats such as forests facilitates the spread of viruses; 
whereas the FAO has confirmed that the increase in emerging infectious diseases coincides 
with the accelerated growth of tropical deforestation, linked in particular to the cultivation of 
oil palm or soybean; 
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14    Climate change is having an increasing impact on fish populations in developing 
countries with medium and short-term repercussions for the livelihoods of coastal 
communities, who lack the social and financial resources to be able to adapt and prepare for 
the future; 
15.   The IPCC special report on the ocean and cryosphere in a changing climate provides 
evidence of the benefits of combining scientific with local and indigenous knowledge to 
enforce resilience; 
16.   The COVID-19 pandemic drastically increases vulnerabilities in developing countries, 
both in terms of its direct impact on public health and by aggravating and deepening many 
macro and micro-economic and social repercussions, which increase poverty and place a 
strain on the resources needed for resilience; whereas both the pandemic and climate change 
are eroding public finances while at the same time increasing financing needs, including for 
social protection and services; whereas according to the World Health Organization (WHO) 
climate change is expected to contribute to approximately 250 000 additional deaths per year 
by 2030, from malnutrition, malaria, diarrhoea and heat stress; whereas the COVID-19 
pandemic has demonstrated the close link between the destruction of our ecosystems and 
the outbreak of health crises; whereas owing to climate change and biodiversity loss, health 
crises could multiply in the decades to come; 
17.   The governments of developing countries must spearhead efforts to reduce 
vulnerabilities, increase resilience and strengthen support capacities; whereas the countries 
primarily responsible for the increase in global greenhouse gas emissions, the EU, its Member 
States and other developed and emerging countries must radically scale up their actions, given 
that their emissions remain dominant and they have made important commitments in this 
respect; whereas for all these reasons, the EU, its Member States and other developed and 
emerging countries have a moral obligation to do much more, in accordance with the principle 
of common but differentiated responsibilities and respective capabilities; whereas 
partnerships to address the impacts of climate change must be encouraged between all 
spheres of government at local, national and international levels,  including civil society 
organisations, the private sector and academia; whereas least developed countries (LDCs), 
landlocked developing countries (LLDCs), fragile countries and small island developing states 
(SIDS) are being disproportionately affected by climate change owing to structural constraints 
and geographical disadvantages and should therefore be prioritised; 
18   Developing countries’ payments on their debts drain their capacities to deal with the 
climate and other crises and to support their most vulnerable populations; whereas 
international efforts to prevent debt distress and enable orderly debt workout must therefore 
be intensified; 
  19.   International financing of climate action in developing countries remains 
extremely insufficient and focused on emissions reduction, despite the particularly urgent 
need for adaptation action; whereas, however, the main mitigation efforts must take place in 
developed countries, where emissions are up to more than a hundred times higher per capita; 
20  Knowledge and technology transfers should serve to facilitate the transition of 
developing countries to a green economy by taking account of the economic and social 
impacts of such changes and preserving the competitiveness of developing economies on the 
global stage; 
21. Adaptation action should focus mainly on the most vulnerable and should include 
increasing the resilience of their dwellings, and the infrastructure they depend on, to extreme 
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weather events, improving their food and water security, increasing their access to climate-
responsive social protection and services, supporting farmers and fishers in the adaptation of 
their agricultural and fishing methods to changes in temperature, rainfall and other patterns 
and conditions and enabling them to cope, as far as possible, with the consequences of the 
irreversible deterioration of terrestrial and marine ecosystems for their food and economic 
security, ensuring that they have decent life conditions, and providing assistance for people in 
need to establish work to contribute to their local re-settlement; whereas the growing number 
of crop failures and the reduction in drinking water sources add to the burdens borne by 
women, who carry out agricultural tasks and tend to be responsible for the preparation of 
food and provisioning of drinking water; whereas the adverse effects of climate change 
reverse development progress, in particular when they lead to disasters and crises, and 
related displacement becomes protracted; 
22.  Climate change and consequential natural disasters have become common drivers of 
migration, which will be further exacerbated as the impact of climate change on the 
environment worsens; whereas climate change and consequential natural disasters have a 
negative impact on the enjoyment of fundamental rights; whereas the majority of climate-
induced migrants are likely to come from rural areas, as their livelihoods often depend on 
climate-sensitive sectors such as farming and fishing; whereas there are other environmental 
factors that are not directly linked to climate change, but are linked to human-made 
environmental changes such as land degradation or marine and coastal ecosystem 
degradation, land and water-grabbing, and environmental disasters and pollution caused by 
wars, which also act as risk-multipliers and migration drivers, notably in vulnerable 
populations that are highly dependent on agriculture and natural local resources; 
 23  Climate-induced displacements are expected to increase as extreme weather 
events become more frequent and intense, sea levels rise, and many countries start to reach 
the limits of their adaptation and disaster risk reduction measures, which will necessitate 
much greater cooperation at international level and sustainable and realistic solutions tailored 
to the needs of the populations affected; whereas it is increasingly recognised that addressing 
and resolving climate change-related displacement and migration is primarily a development 
challenge; whereas local and regional governments in some developing countries have started 
to consolidate the management of displacement risks and the search for durable solutions for 
communities affected by displacement in disaster risk reduction plans, climate action plans 
and adaptation strategies, while cooperating with their peers in initiatives such as the 
Covenant of Mayors; 
24  Climate change is a main driver of environmental degradation, having a negative 
impact on food and water security, access to natural resources, human health and migration; 
whereas these phenomena directly or indirectly also threaten the full enjoyment of human 
rights, including the rights to life, water and sanitation, food, health and housing; whereas the 
ability of people to adapt to climate change is inextricably linked to their access to basic human 
rights and to the health of the ecosystems they depend on for their livelihoods and wellbeing; 
whereas climate change could reverse human development through reduced agricultural 
productivity, increased food and water insecurity, increased exposure to extreme natural 
disasters, collapsed ecosystems and increased health risks; whereas the Union has committed 
to implement the SDGs in both its internal and its external policies; 
25   According to the IPCC, climate change poses disproportionate and asymmetric risks to 
human and natural systems due to differences in vulnerability and exposure; whereas climate 
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change exacerbates existing social inequalities, causing vulnerable groups to suffer 
disproportionately from its adverse effects, resulting in a vicious circle of greater subsequent 
inequalities; whereas the report of the UN Special Rapporteur on extreme poverty and human 
rights states that climate change will exacerbate existing poverty and inequality, having the 
most severe impact in poor countries and regions, and the places where poor people live and 
work and developing countries will bear an estimated 75-80 % of the costs of climate change; 
26   Women suffer disproportionately from the impacts of climate change, owing not least 
to the agricultural tasks they carry out but also to the discrimination they suffer in terms of 
access to land and services, access to education and vocational training, access to sexual and 
reproductive health services, participation in decision-making and respect when embarking 
on activities traditionally dominated by men; whereas 80 % of those displaced as a result of 
climate change are women and children, who are more exposed to the negative effects of 
climate change and face greater difficulties as a result, including a much higher risk of dying in 
natural disasters; whereas the situation of displaced people is worst for those in vulnerable 
situations, including women, who are often exposed to violations of their basic rights as 
victims of human trafficking and sexual exploitation and to being placed in unsafe, 
overcrowded shelters; 
   27. In its resolution of 16 January 2018 on women, gender equality and climate 
justice, Parliament acknowledged that women are particularly vulnerable to climate change 
and experience its effects disproportionately because of their social roles; 
28.  The Beijing Platform for Action and the outcomes of its review conferences outline 
three strategic objectives to improve women’s environmental decision-making, to integrate 
the gender perspective in policies and programmes for sustainable development, and to 
strengthen or establish mechanisms at national, regional and international levels to assess the 
impact of development and environmental policies on women; 
 
7.2.3 Marine ecosystem services 
 Marine ecosystems also provide other important services, associated with their 
regulatory and habitat functions, such as pollution control, storm protection, flood control,  
habitat for species,  and shoreline stabilization.  Many unique marine habitats are considered 
to have important cultural and other benefits. That is, people may benefit from the knowledge 
that an ecosystem simply exists or that it will be around for future generations to enjoy. These 
values may be particularly important among indigenous communities in rural areas, as they 
see their culture, heritage and traditional knowledge closely intertwined with the surrounding 
environment. Even some of the poorest rural communities have expressed interest in seeing 
their ‘way of life’ passed on to their heirs and future generations. (Barbier, 2017) 
 Quantifying the contributions, or ‘benefits’, provided by ecosystems in terms of human 
welfare is often referred to as valuing ecosystem services. The biggest challenge to quantifying 
and valuing marine ecosystem services is the inadequate knowledge available to link changes 
in ecosystem structure and function to the production of valuable goods and services (Figure. 
7.2). 
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Fig.7.2  Relation between marine ecosystems, marine services and economic systems 
 
7.2.4 Marine debris: Sources, distribution and fate of plastic and other refuse – and its 
impact on ocean and coastal wildlife 
 Marine debris is a globally recognised environmental issue of increasing concern. 
Marine ecosystems worldwide are affected by human-made refuse, much of which is plastic.  
Marine debris comes from both land and sea-based sources and can travel immense distances. 
It can pose a navigation hazard, smother coral reefs, transport invasive species and negatively 
affect tourism. It also injures and kills wildlife, has the potential to transport chemical 
contaminants, and may pose a threat to human health (Adapted from 
https://www.csiro.au/en/research/natural-environment/oceans/Marine-debris) 
a. What is marine debris? 
 Marine debris is defined as any persistent solid material that is manufactured or 
processed and directly or indirectly, intentionally or unintentionally, disposed of or 
abandoned into the marine environment.Marine debris includes consumer items such as glass 
or plastic bottles, cans, bags, balloons, rubber, metal, fibreglass, cigarettes, and other 
manufactured materials that end up in the ocean and along the coast. It also includes fishing 
gear such as line, ropes, hooks, buoys and other materials lost on or near land, or intentionally 
or unintentionally discarded at sea.  
 Litter impacts wildlife directly through entanglement and ingestion and indirectly 
through chemical affects. As the quantity of debris increases in the marine environment, so 
does the likelihood of impacts from debris to marine animals. Plastic production rates are 
intensifying, and the volume of refuse humans release into marine systems is growing at an 
exponential rate. Even toothpaste and personal care products can have plastic microbeads in 
them. These microplastics can be mistakenly eaten by a range of marine species. 
b. Why do animals ingest debris, and what is the effect on marine wildlife populations? 
 Globally, approximately one third of marine turtles have likely ingested debris, and this 
has increased since plastic production began in the 1950s. Most items eaten by turtles are 
plastic and positively buoyant. Smaller oceanic turtles are more likely to ingest debris than 
coastal foragers; herbivores are more likely to ingest debris than carnivorous species; oceanic 
leatherback turtles and green turtles are at the greatest risk of ingested marine debris effects; 

https://www.csiro.au/en/research/natural-environment/oceans/Marine-debris
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and benthic turtles show a strong selectivity for soft, clear plastic that resembles natural prey 
such as jellyfish.  
Around the world, nearly half of all seabird species are likely to ingest debris. Birds eat 
everything from balloons to glow sticks, industrial plastic pellets, hard bits of plastic, foam, 
metal hooks and fishing line. Young birds were more likely to ingest debris and ate more pieces 
of debris than adult birds.  
c. What is the effect on marine wildlife populations that become entangled by debris? 
 Seabirds, turtles, whales, dolphins, dugongs, fish, crabs and crocodiles and numerous 
other species are killed and maimed through entanglement. For example we estimate that 
between 5,000 and 15,000 turtles have been killed in the Gulf of Carpentaria (Australia) after 
becoming ensnared by derelict fishing nets, mostly originating from overseas. For pinnipeds 
in Victoria, the majority of seal entanglements involved plastic twine or rope, and seals 
become entangled in green items more than in any other colour. In general, young seals are 
entangled in greater numbers than adults. 
d. What can be done? 
 By garnering the information needed to identify sources and hotspots of debris, we 
can better develop effective solutions to tackle marine debris.The most effective way to 
reduce and mitigate the harmful effects of marine debris is to prevent it from entering the 
marine environment in the first place. This requires incorporating understanding of debris into 
local, regional and national decision‑making; improved waste management efforts; education 
and outreach activities; development of technology solutions; anti-dumping campaigns; 
reducing losses of fishing gear at sea; and incentives to reduce debris, such as container 
deposit scheme (which has reduced the number of beverage containers, the dominant plastic 
item in the environment, by a factor 3). Working together, scientists, industry, coastal 
managers and citizen scientists can make significant strides to reduce marine debris impacts 
in coastal areas and in the marine environment. 
 
7.2. 5. Summary description of potential sources of pollution 
  
A. Sources of marine litter pollution along the coast  
Sources of marine litter are divided into two groups: land-based (onshore) and sea-based 
(offshore). The two groups suggest different approaches to dealing with them (Figure 10.3) 
Land-based (onshore) sources  
 Land-based sources include improperly located or illegal landfills, uncovered waste 
containers, garbage machines, poorly managed waste from production processes, processing 
and / or transportation of goods, etc. Wastewater treatment plants as well as storm sewers 
can also be sources of litter at sea if they are unable to retain solid waste. Coastal activities, 
as well as visitors to the beaches, also often contribute to the loading of the coast and the sea 
with various types of litter. This type of litter is overwhelmingly single-use in nature, namely 
drinks bottles, bottle caps, food packaging, plastic cups, drinks stirrers, etc. Wind is clearly a 
factor in this material becoming litter, but many of these items are also deliberately or 
carelessly left on the beach. Materials used in the home, such as consumer cosmetics, as well 
as polyester and acrylic fibers, when washing fall into the sewer, and from there - into the sea.  
The share of land-based sources reaches up to 80% of the total amount of solid waste 
generated and received in the marine environment.  
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Sea-based (offshore) sources  
(*** Methodology for identificaion of hotspots and Litter reduction measures) 
 Sources of marine litter can also be various activities that people perform at sea. Many 
items and materials fall directly into the marine environment from merchant, military and 
research vessels, passenger ships and pleasure yachts, offshore platforms and their supply 
vessels. Some of the litter falls into the water in case of accidental loss, others - as a result of 
gaps in the waste management systems or their illegal dumping. Fishing - professional and 
amateur - is a source of nets, ropes, buoys and floats, as well as other accessories. They can 
be intentionally dumped, abandoned or lost during a storm. The growth of fish, molluscs, 
crustaceans and other aquatic organisms such as aquaculture also contributes to the increase 
of such materials in the marine environment.  
The share of solid waste generated in the marine environment reaches 20%.   

 
 
Figure 10.3 . Sources of marine litter (terrestrial and offshore) 
(Source: https://cleancoasts.org/marine-litter/) 
 
B. The main sources of pollution along the Black Sea coast  
 
The main sources of pollution, including solid waste, in marine waters along the Black Sea 
coast are the following:  
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1. Stationary land-based discharges, which include discharges of industrial waste water and 
insufficiently treated or untreated wastewater from coastal settlements and other urban 
areas;  
2. River runoff, including - water flowing directly and indirectly into the Black Sea through the 
rivers - waters from sites of agriculture, industry, extraction and treatment of wastewater 
from the entire catchment area of the Black Sea;  
  

• Urbanization - municipal facilities for waste and sewerage networks (household litter);  

•  Sea transport and ports (ship litter);  

•  Tourism and recreational activities in the coastal zone (litter generated by the local 
population and the tourist flow);  

• River runoff, including - direct or indirect litter entering through rivers;  

•  Commercial and recreational fishing (including abandoned nets);  

• Construction activities in the coastal zone (including housing construction);  

•  Agriculture;  

• Transboundary transfer of floating solid waste between water basins, etc.  
 
3. Coastal diffuse sources with water from agriculture, including livestock and unorganized 
tourism, mainly through runoff from land-based sources (coastal waters and groundwater);  
4. Offshore platforms and other offshore equipment, through the disposal of solid waste, 
explosives and dredges; disposal of polluted water and ballast water; oil spills; lost fishing nets; 
the introduction of foreign marine organisms, including the overgrowth of marine facilities 
and structures;  
5. Atmospheric precipitation through the introduction of various sources of air pollution 
(smoke, fumes, exhaust gases, dust and other solid particles), regardless of where they 
occurred, in view of the transboundary action of air currents.  
 Of these main sources, the first four groups are of greater importance for the 
generation of solid waste in the marine environment, and among them are the following 
specific sources that should be monitored: 
 
  
7.3 Harmonization of approaches and compatibility, working with fisherman to report (litter 
at bottom). Programmes for green ships (green flag for ships). 
 
Use of special vessels for litter collection  
 
This type of equipment is also suitable for capturing plastic litter from large rivers before it 
reaches the sea. The water flow is directed by a barrier to the opening of the vessel. Passing 
through it, the litter from the surface is transferred to a conveyor belt and through it is 
directed to special containers.  
 
Involvement of fishermen in the collection of marine litter  
 
 Fishermen are among the key stakeholders that can have a significant impact on the 
marine litter problem. This can be done by providing large bags in which fishermen can collect 
plastics, abandoned nets and any other litter that is collected in their nets during normal 
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fishing activities. When they reach the port, they will unload the collected litter at certain 
points, from where they will be collected during a certain period and will be transported for 
subsequent recycling or disposal. They can do this voluntarily or in exchange for certain 
incentives. 
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1. Maritime accidents and oil pollution 

 

Accidents with large quantities of crude oil discharged into the marine environment are 

associated with maritime transport or offshore activities. Their study is required both as warning 

material, as well as documentary material required for emergency preparedness. [1] [2] 

 For example, we will highlight some of the major accidents (major pollution) resulting 

in accidental spillage into the marine environment. These have been assessed at level 3, with 

hydrocarbons discharged at more than 700 tons of crude oil. 

 The accidents of oil platforms IxTOC (1978), Piper Aplha (1988) and Deepwater 

Horizon (2010) each resulting in huge oil spills into the marine environment, in the hundreds 

of thousands of tons, also call into question the safety of the marine environment. 

 The explosion of the Deepwater Horizon oil platform in the Gulf of Mexico, about 80 

km from Venice (Louisiana) on 20 April 2010 and after the oil spill in the Gulf of Mexico is 

associated with the greatest man-made environmental catastrophe in history. To the 11 victims, 

sprayed by the unprecedented explosion, more than 780.000 cubic meters of oil spilled into the 

Gulf area were added. The hydrocarbon layer spread over an area of Oklahoma State, 180.000 

square kilometers. The oil spill was stopped only three months later, with severe damage to 

both fauna and beaches in Louisiana, Alabama and Florida. The total damage was estimated at 

almost $100 billion and the losses made by the oil group British Petroleum (BP) are estimated 
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at over $20 billion. The case of substandard ships which do not comply with maritime safety 

standards is highlighted by the Prestige oil tanker accident. The ship had been loaded in Latvia 

to Singapore. 25 miles west of Finisterre (Spain), the master of the vessel is sending an SOS 

and despite the desperate efforts undertaken, on 13 November 2002, more than 77 thousand 

tons of Russian oil are spilled in the Atlantic Ocean, which polluted the coasts of France. 

 On 12 December 1999, the Erika ship, registered in Malta, with 30.000 tons of oil on 

board, broke during a storm and sank in the Bay of Biscay. About 20.000 tons of oil have leaked 

into the sea. The pollution was an ecological and economic disaster, killing more than 150.000 

birds and polluting more than 400 kilometres of the French coast, with catastrophic 

consequences for tourism and fishering in the area. The court considered that the negligence of 

French oil company total was a key role in the sinking of the vessel. It also concluded that total 

did not take into account the age of the ship, which had been built 25 years before it was 

submerged. With total, it was fined the same amount as in Italy's ship classification company, 

Rina, which certified the 25-year-old oil tanker as being in good condition for shipping. The 

court declared the owner of the oil tank and the director of the Italian ship maintenance company 

Panship, fined 75.000 euros, responsible for the disaster. 

 The list of shipping accidents in the European area can be continued with that of the oil 

tanker Haven with a cargo on board of more than 144.000 tons of crude oil, which had broken 

in 3 parts by 7 Mm next to Genoa, France in 1991. The Braer oil tanker with 85.000 tons of 

crude oil on board sank on the coast of Scotland (Shetland) in 1993. The ship lost all cargo in 

the area of the accident. The Sea Empres oil tanker in 1996, with 130.824 tons of oil on board, 

shipwrecked on Wales’s coasts, massively polluting the coastal area. 

 The analysis of these accidents’ points to some conclusions, on the basis of which the 

following issues will be built. As we have seen before, a higher or lower hydrocarbon spill is 

associated with each accident. The fate in the aquatic or shore environment of the hydrocarbon 

layer, its decomposition processes are closely related to the physical-chemical properties of the 

discharged oil. The impact of oil pollution in the marine environment, but also the action of 

hydrocarbons discharged on sensitive shore areas, are important guidelines for any analysis, 

which focuses on measures to prevent and combat oil pollution in the marine environment. 

1.2. Physical-chemical properties of the discharged oil 

Specialist work shows that oil accidentally discharged to the aquatic environment is 

sourced from shipping activities, extraction and drilling activities, loading and unloading of oil 

goods, discharges from industrial sites, rainwater run-off and waste water discharges from 

urban agglomerations. Oil from these sources may be of the crude oil, refined products (diesel, 

fuel oil, petrol, kerosene, oil or petroleum residues). All these hydrocarbons have a number of 

initial physical-chemical characteristics that change over time when accidentally discharged. 

The choice of intervention method and work equipment must take account of those presented. 

This requires a thorough knowledge of the type of pollutant discharged, its properties and its 

modification over time, its mode of movement in time and space. 

 The main properties of hydrocarbons from the perspective of environmental pollution 

are: Specific weight, kinematic viscosity, point of flow, composition of hydrocarbons. 
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1. The specific weight shall be as a unit of measure kg/dm3 or according to the American 

Petroleum Institute, the scale of specific gravity in units °API = 141,5 : (ρ – 131,5), where = 

0,75…0,97 kg/dm3. It is known as ρ(water) =1kg/dm3. Most hydrocarbons have lower density 

than water. Typically, low density crude oil has low viscosity and contains a high percentage 

of volatile fractions, tending to volatilize. 

 Water/hydrocarbon density difference, is a characteristic used in the design of 

intervention equipment. 

2. Kinematic viscosity (cSt)- represents the flow resistance (water viscosity=1 cSt, 

Diesel=2-4 cSt, Engine oil type 80w/90=500cST) the viscosity is in close relation to the ambient 

temperature being inversely proportional to this. Water/hydrocarbon viscosity difference used 

in the design of the emergency equipment. 

3. Distillation characteristics refer to the ability of crude oil compounds to volatilize as 

temperature increases (evaporation begins with the compounds with the lowest boiling point). 

4. Pour point: Is the temperature below which the pollutant is no longer flowing at values 

between -35° + 40° C. 

 

 

 

 

 

 

 

 

 

 

Fig. 1.1 Viscosities-temperature for different types of crude oil. 

When the temperature decreases the wax in the component of the crystalline petroleum, 

the viscosity increases so that when the temperature of the PC is reached, a semi-solid state is 

reached. For example, Bonny light crude oil at a temperature above 30°C has a viscosity of 

about 7 cSt, as the temperature decreases, between 30 and 20°C, its viscosity increases to 9 cSt, 

and at temperatures below 20°C increases logarithmically with 12°C (which is PC) A viscosity 

of about 10.000cSt (no longer flowing). If the PC is touched, the pollutant becomes persistent. 

 The transport of crude oil with more than 10 % paraffin wax and a high pour point 

(which at ambient temperature +20 + 25 °C solidify) is carried out with tanks fitted with heating 

equipment to keep the product in a liquid state. 

5. The composition of oil influences the tendency of emulsifying. Thus, the content in 

asphalt and resins increases with evaporation. Groups of compounds in crude oils: Paraffins - 
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saturated hydrocarbons with high boiling point and reduced volatile; paraffins - saturated 

hydrocarbons, hydrogen atoms can be replaced by other elements such as nitrogen, oxygen or 

sulphur. 
Table 1.1 characteristics of main types of crude oil 

 Arabian Super Light Bonny Light Merey 

Origin Saudi Arabia Nigeria Venezuela 

°API 48.5 34.6 15.7 

SG at 15°C 0.79 0.85 0.96 

Wax content 12% 13% 10% 

Asphaltenes 7% No data 9% 

Pour point -29°C 12°C -18°C 

 

Benzenes: Low boiling aromatic hydrocarbons, very high volatilization, 

high/carcinogenic toxicity.  

 Asphaltenes: Very high boiling tars containing: Sulfur, nitrogen, oxygen and metals 

such as nickel, vanadium. 

 Resin acids: Molecular based compounds with a rich content of oxygen, nitrogen or 

sulfur atoms. 

 The last two components are responsible for oil emulsifying. The classification of 

hydrocarbons into groups refers to the ability of the pollutant to persist more or less on water. 

 

 

Fig. 1.2 Persistence of crude oils. 

The following distinctions can be made: Non-persistent crude oils (gas, petrol, 

kerosene) which due to rapid volatilization and reduced viscous rapidly disappear from the 

water surface; persistent oils (crude oil, high crude oil in asphalts, paraffin wax), having high 

viscosity and boiling point, are difficult to degrade, which gives it the possibility to move in a 

compact manner over long distances, jeopardizing areas remote from the accident, require 

laborious and costly intervention measures. 
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 The main physical characteristics influencing the degree of persistence are density, 

distillation characteristics, viscosity and point of flow. All these are dependent on the chemical 

composition (benzene, asphaltic, paraffin). 

 We must bear in mind that the higher the specific weight the more persistent the crude 

oil. There is the concept of “half-life period” (PI) which specifies the time when 50% of the 

pollutant on the water surface degrades naturally and after a period of 6 Pi about 1% of the 

pollutant remains on water. 

 To this end a classification has been made into 4 groups referring to the persistence of 

oil spills onto the water surface: non-persistent group 1 (gas, kerosene, petrol, diesel); persistent 

groups 2,3,4 (crude oil, fuels, fuel oil, engine oils/transmissions) (Fig. 1.2) oil is not persistent 

if: More than 50 % by volume or distils at a temperature of 340 °C and at least 95 % by volume 

or distils at a temperature of 370 °C. 

 The analysis of the graph in Figure 1.3 shows that the trend of increasing volume in the 

case of Gr. 3 by 350% due to the phenomenon of water-to-oil emulsion, favored by tar and 

paraffin wax, while evaporation is insignificant. Group 1 by evaporation reduces its volume to 

0. Groups 2 and 4 have volume increases due to components: Asphaltites and paraffins which 

amplify the emulsifying phenomenon. 

 

Fig. 1.3 Variation in volume over time, per group at a temperature of 15 °C 

 

The increase in viscosity within groups 2,3,4 is significant reaching in certain conditions 

characteristic of the solid state of hydrocarbons in the early hours (30 h). For group 1 the 

viscosity does not exceed waves of 100 cSt. Accidents so far have shown that pollutant-induced 

effects in the aquatic environment are of two types: Toxic and ‘suffocating’. 

 As a rule, in the case of hydrocarbon pollution in the first phase, the group of persistence 

the pollutant makes is identified. In general, response methods are only applicable to persistent 

pollutants, the others rapidly evaporating at 80 % during the first 24 hours. 
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1.3. Vertical development of the oil layer discharged to water 

Degradation mechanism analysis consists of the analysis of the following processes: 

Dispersion - evaporation - emulsifying - photooxidation - biodegradation - sedimentation (Fig. 

1.4). 

 

 

 

 

 

 

 

 

 

Fig. 1.4 Oil degradation mechanism discharged to the surface of the water. 

 

a) The dispersion of hydrocarbons in the mass of water is amplified by its state of agitation. 

Breaking waves result in small drops of hydrocarbons falling into the water column. If the drops 

are small enough (max. 70 microns), the natural water turbulence keeps them in the submerged 

column, preventing them from returning to the surface just as the air turbulence keeps dust 

particles in the atmosphere. Drops greater than 70 microns return to the water surface in a short 

time. 

The dispersion process is influenced by the energy of the waves, the volume of oil 

discharged/volume of water and the viscosity value of the petroleum product. The spreading 

rate is directly proportional to the state of agitation of the sea, to the volume of hydrocarbons 
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discharged and inversely proportional to their viscosity. There have been cases where, due to 

the maximum sea agitation, oil products discharged from shipping accidents have dispersed 80-

90% of the mass of water. 

 In these cases, there was no need to intervene with technical working means, the oil 

layer was totally missing (e.g., incidents in THE UNITED States of the United States of the 

United States and in the Shetland-Braer islands). 

 The same type of oil product accidentally discharged under different hydro-weather 

conditions, releases different types of water in mass. 

 For example, the amount of product spilled over time in the mass of water can vary 

between 2,5 % and 12 % of the total amount of oil discharged according to hydro-weather 

conditions (wind speed=1m/s, VAL=0.3m t=7º C) respectively (wind speed=15 m/s, VAL = 

3.5m, t=20C). 

 The major consequence of the dispersion is to reduce the amount of oil product 

remaining on the water surface and to increase its density and viscosity over time. This allows 

the properties and the amount of oil that exists on the water at a given time to be assessed. 

 This information is the basis for establishing the best response technologies at the time 

(t) that have elapsed since the accidental spill occurred. 

b) Evaporation occurs during the first hours of the oil product discharge. 

The evaporation rate of volatile fractions is directly proportional to the wind speed, air 

temperature, water temperature, polluted surface and is dependent on the type of hydrocarbon 

discharged (percentage of volatile fractions). 

 Petroleum products usually lose by evaporation about 30 by 40% of the total quantity 

discharged according to hydro-weather conditions (wind speed = 1m/s, VAL = 0.3m, t0apã= 

70C) or (wind speed = 15m/s, VAL = 3.5m, t0apte=200C). 

By evaporation of volatile fractions, the remaining product on the water surface can be 

reduced quantitatively to around 60%, while its density and viscosity increase to around 990 = 

1000kg/m3 and about 10.000 cSt or higher, respectively 

 This transformation takes place quickly in about 24-36 hours after the accident. In the 

case of light (refined) oil products such as gasoline, diesel fuel, kerosene, the evaporation 

process takes place quickly in about 12-24 hours and completely. 

 In these cases, there is an explosion hazard due to the accumulation of flammable gases. 

 It should also be borne in mind that the evaporation process creates a toxic phase in the 

atmosphere which has carcinogenic effects. The United States Ministry of Health has 

established that the maximum dose to which a person can be exposed without risk for 8 working 

hours, 40 hours per week, is 1 ppm. All this information is needed to determine the best 

intervention technology in complete security. 

c) Emulsification. The continuous state of agitation of the sea creates small drops of water 

which, in the presence of the hydrocarbons, mix with them to form an emulsion of water in oil. 
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The heavy oil fractions, namely asphaltenes and resins, compete in this process (at > 0,5% 

paving content the oil product tends to emulsify). 

The evaporation process causes rapid changes in the composition of the oil discharged, 

so within hours of the accident the percentage of resins and asphalt increases significantly. 

 If at first, when the oil is discharged into the aquatic environment, there is no process of 

emulsion of water into oil as the volatile fractions evaporate, a product containing heavy 

fractions remains on the water surface. 

 Under these conditions after a period of about 24 hours the emulsifying process becomes 

stable. The quantity of water absorbed by oil via emulsification can reach about 80 % (of the 

final volume of the product), thus the 400 emulsified product (water-in-oil) will occupy a 

volume of about 2000 metric tons for 80 % of the volume of oil emulsion. 

 The water-to-oil emulsion occurs several hours in the case of less viscous oil and within 

a few days in the case of high viscosity oil. Initially the oil stain is black, the emulsion 

subsequently produced giving it a brown or orange colour. The phenomenon is associated in 

the specialized documentation with the term “chocolate mice”. 

 The viscosity and density of the emulsified product is higher than the oil product 

originally discharged. The volume of the emulsified product is 70-80% higher than the initial 

volume, which causes an increase in the polluted surface. The emulsified product is thixotropic, 

i.e., it is fluid in the presence of waves or water waves, but becomes semi-irrigated when the 

environment is still. The stability of emulsions depends on the composition of the oil and 

temperature. 

 In warm areas where temperatures are higher the emulsions break and become unstable. 

Consequently, the emulsifying process increases the density, viscosity and volume of the oil 

product remaining on the water surface, changing its colour. 

d) Photooxidation 

The process of chemical blending of hydrocarbons with oxygen is the oxidation 

phenomenon. UV solar radiation accelerates the oxidation process, tears the molecular particles 

into smaller ones. Slightly oxidizable hydrocarbons are generally more water-soluble and easily 

dispersible and ultimately biodegradable. In the case of heavy hydrocarbons or which have lost 

light compounds, photooxidation favours polymerization reactions which are unfavourable to 

the treatment of subsequent degradation. 

e) The biodegradation of petroleum consists of decomposition by bacteria and fungi and 

transformation into oxidized products (Fig 1.5). The degradation coefficient is dependent on 

temperature, the availability of O2, nutrients and also the hydrocarbon type. Lighter 

components degrade faster, temperatures most favourable to microorganisms’ development are 

above + 250C. In fact, part of the carbon in hydrocarbon is used by micro-organisms in the 

process of reproduction and formation of biomass which requires, among other things, nitrogen 

and phosphorus. 
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Fig. 1.5 Biodegradation process balance 

 

Marine micro-organisms are developing in the presence of hydrocarbons; however, their 

purification capacity will be limited by both the more or less complex nature of the 

hydrocarbons forming the oil and the availability of nutrients in the environment: Nitrogen 

(nitrates) and phosphorus. In conclusion biodegradation is a natural phenomenon of degradation 

that can be very slow (from several weeks to several years) and is often incomplete. Under 

optimum conditions, in some areas of the Mediterranean Sea, bacteria can oxidize up to 1 gram 

of oil per square meter per day. 

f) Sedimentation is defined as a process of accession of oil particles to solid particles in 

the water mass. The higher the turbulence (ranging from 0 to 1000 grams sediment/m3water) 

the more acute the sediment phenomenon. 

Due to the energy of the waves, the oil particles adhere to the solid particles, thus 

creating compounds with a higher density than that of the water, and then placing them on the 

bottom of the water (sedimentation). Sedimentation is a process that reduces the volume of 

product on the water surface, but not to the same extent as dispersion or evaporation. This data 

is used when determining the type of method and type of intervention equipment.[1] 

 

1.4. Horizontal development of the oil layer discharged to water 

 

On the horizontal the pollutant undergoes the following transformations: Gravitational 

spread on the water surface, displacement on the water surface. 

a) Gravity spread on the water surface. Factors influencing the phenomenon of spreading 

are gravity force, surface tensions at the oil-water interface, wind, sea state of agitation, surface 

current, viscosity and oil density. 

 

Table 1.2 Area occupied relation time - volume of pollutant discharged 
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In the first phase, the oil discharged is spreading to the surface of the water due to 

gravitational forces. This phase shall normally be carried out within a short period of time in 

the order of minutes. At this stage it is considered that the own weight of oil discharged 

(gravitational force) has a maximum preponderance and other forces are not taken into account. 

 During the gravity spread process, we consider that no disaggregation process 

(evaporation, dispersion, emulsion, etc.) occurs. The gravity spread process is influenced by the 

volume of oil discharged and its density. The range is considered to be circular and is directly 

proportional to the volume of oil discharged and its density. This area can be calculated based 

on the relationship [1.1]: .                                                                                      [1.1] 
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where: Ao= the area at the end of the gravitational distribution phase; k2 = dimensional 

coefficient calculated empirically at 1,21; V0 = volume of hydrocarbons discharged; x = the 

viscosity of the water; ∆ = the difference in relative density of water – oil = (apã - oil)/water 

 

 

Fig. 1.6 Area occupied, over time, depending on the volume of pollutant discharged 

 

At the end of the gravitational phase, when oil has spread over A0, a number of forces 

and processes are applied to A0, which cause migration both horizontally across the water 

surface and vertically into the atmosphere and water column. 

b) Movement of hydrocarbons on the water surface 

The causes of oil movement on the water surface are wind and surface current. 

 The comments concluded that oil is moving about 3% of the wind speed reaching 10 m 

above the water. The vector of the movement of the oil layer is the result of the sum of the two 

vectors, namely current and 3% wind. As the previous submission of oil spills results in a 

number of processes that change the amount and structure of the pollutant on the water surface. 

The small oil droplets that remain scattered in the mass of the water follow the layer in its 

movement. In view of the above, we can form a picture of the structure of the mass of 

hydrocarbons moving in the aquatic environment, namely: 

a) on the surface of the water, the layer has an elongated shape with thickness in the front 

area in the direction of movement greater than 0,1 mm; 

b) it is followed on the surface by a “comet tail” with thicknesses of less than 0,001 mm, 

and in the water mass by a “cloud” of scattered hydrocarbons. 

At the end of the gravitational phase when oil has spread over an A0 surface on it, a 

number of forces and processes are involved that cause migration both horizontally across the 

water surface and vertically into the atmosphere and water column (Fig. 1.7). 
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Fig. 1.7 Area occupied, over time, depending on the amount of pollutant discharged 

 

Knowledge of the speed of movement and the shape of the surface occupied by the 

product in its movement is an important factor in determining the intervention technology, 

namely the length, type, location of the anti-petrol float dam and the type of receiver used. [1] 

 

1.5. The evolution of the volume of an oil spill accidentally discharged to the sea 

In the light of the above, considering a ship accident with 1000 tons of crude oil 

discharged, the volume of the pits can be assessed as follows (Fig 1.8, 1.9): 

 

Fig. 1.8 Development and synthesis of a volume of 1000t of pollutant discharged 

 



 

132 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the 

views only of the authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information 

contained therein” 

Considering that this oil stain moves and is established on a sandy shore, which it 

pollutes in its entirety, the volume of waste to be recovered and treated amounts to about 4000 

tons due to the input of polluted sand (coarse sand; fine sand, gravel). 

 

Fig. 1.9 The evolution of the oil layer discharged to the aquatic environment 

 

This example reflects both the high level of pollution that a small amount of oil 

discharged into the marine environment can produce and the imperative need to protect 

shoreline, open sea intervention, or the diversion of the pollutant to vulnerable shores. [1]. 

 

1.6. Evolution of discharged hydrocarbons reaching shore 

 

As with water pollution, accidental discharges to soil cause transformation and 

movement at pollutant level (Fig. 1.10). They consist of: 

a) Evaporation 

The evaporation of the most volatile compounds occurs within the first hours of the 

discharge. 
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Fig. 1.10 Evaporation of the crude oil layer at ground level 

 

The evaporation of the pollutant is directly proportional to: layer surface, air and soil 

temperature, wind speed and depends on the type of pollutant (quantity of volatile products). 

The evaporation of the pollutant is directly proportional to: layer surface, air and soil 

temperature, wind speed and depends on the type of pollutant (quantity of volatile products). 

The evaporation capacity of two different petroleum products at a temperature of 15, C and a 

wind speed of 1 m/s is shown in the following figure. Some components, in particular 

asphaltites, remain at the surface of the ground forming a compact layer preventing the gas 

exchange between the soil and the atmosphere, by not allowing normal water circulation to 

create unfavourable conditions for biodegradation the evaporation phenomenon reduces the 

volume of pollutant and creates a flammable and toxic environment in the area. 

b) Breaking through 

The penetration of oil residues at a certain depth into the soil is influenced by its 

moisture, granulation and density, pollution intensity, viscosity and density. There are therefore 

soils with a different degree of permeability (meters/second) that depends on its grain. In the 

case of a soil consisting of course boulders the permeability shall be max. 10m/s for water. As 

the grain decreases as follows: gravel → coarse sand → smooth sand, the soil permeability is 

visibly reduced to about 0,0001m/s. During the migration, a selective distribution by profile 

takes place according to the polarity of the components: Saturated hydrocarbons enter at larger 

depths, followed by aromatics, and asphaltenes, as shown above, remain at the top of the soil 

profile. 

 

 

Another characteristic of soils is their ability to retain fluids (litres/m2). Thus, in the 

case of large prill, boulder stones, gravel, the retention capacity is about 5 L/m2. In the case of 

fine wet sand the granulation is about 0,1 mm, the soil retention capacity is about 40 L/m2. 
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If the discharge is of short duration with low flow, the influence on the soil is minimal, 

agricultural work, precipitation and moderate temperatures having managed to decompose 

hydrocarbons. The more frequent and flow of discharges at the same site increases, the more 

the process balance changes in the direction of decreasing soil venting, developing anaerobic 

processes and affecting the root system of the cultivated species. Where the baltides become 

persistent there is a strong calcination of the soils and/or the formation of a thick layer of up to 

1 m of oil-soaked soil in which anaerobic and high acidification processes are developed. 

[1].The containment capacity of pollutants in the soil depends on the soil type is shown in Table 

1.3: 

Table 1.3 Dependence of restraint capability and soil type 

Soil types Retention capacity R, l/m2 

Coarse gravel 5 

Gravel and sand 8 

Coarse medium sands 15 

Fine and medium sands 25 

Fine sands 40 

The spread over the soil surface due to the gravitational forces and the degree of slope 

of the land is dependent on the amount of the pollutant and its viscosity. Surface recurrence 

occurs in the initial phase when the pollutant is relatively fluid. Another factor that favours this 

is the low level of soil height relative to water level, with waves potentially pushing the pollutant 

on large areas. To prevent spreading, rapid containment/isolation of the earth/sand wave area 

is required. 

In the event of an oil spill, it suffers from a number of processes: Its transfer from the 

surface of the water; persistence at ground level over time. The pollutant transformations 

depend on: The hydro/weather conditions and its characteristics. The scale of time after which 

persistence at the water surface is assessed should be measured in weeks. Persistent oil, remains 

on the water surface for more than a few hours. Sedimentation and biodegradation determine 

the last phase of the pollutant transformation. During transformations, the progressive increase 

in viscosity implies choosing the best recovery technology. The assessment of discharged 

pollutant transformation is an important element in the choice of remediation technology. 
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2.1 The Gnome forecast system — general characteristics 

GNOME is a path modelling software for hydrocarbon discharges simulating their 

movement by wind, currents, tides, calculating scatter time values and surface. We will use this 

model during spill limiting actions to calculate the best prediction of hydrocarbon trajectory. 

There is a package of software developed by the NOAA (national Ocean and 

Atmospheric Administration) for responding to oil pollution situations, including the 

following main programs [6]: 

CATS modelling/estimation of marine currents in well-defined geographical structures 

(type .bna maps) with shore and depths defined by position (latitude, longitude) and possibly 

value (m). 

 2. FORECASTING MODEL OF 

THE SPATIAL AND 

TEMPORAL EVOLUTION OF 

THE HYDROCARBON LAYER 

USING THE GNOME 

SOFTWARE AND REAL-TIME 

HYDROMETEOROGICAL 

INFORMATION 
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GNOME effective analysis of the problems of spreading hydrocarbons discharged to 

the marine environment, which is planned to be able to use several terms of displacement 

(moors) at the same time simply composing fields of current; in the composing field, direct 

wind effects at the time of hydrocarbon release may be added. 

GNOME-ANALYST the execution of scatter estimates; the positions at each time 

considered in the set are obtained, as well as the most likely aspect of the cuff, in probabilistic 

interpretation, i.e. with a knowledge of the confidence of the forecast execution. This 

application converts the position and number of predicted points into the overflow density 

contours and the location of minimum uncertainty points in boundary contours. 

Secondary software: 

ADIOS2 software for estimates of the evolution of crude oil or derivatives, especially 

when the influence of interventions (combustion, dispersants) has to be taken into account. 

REACTIVITY WORK-SHEET for several types of discharged substances allows an 

estimation of the risk of dangerous reactions produced in case of a mixture. 

We can use Gnome to [1]: 

 Estimate how wind, currents and other hydrometeorological factors can move and 

spread discharged hydrocarbons in water; 

 To learn how hydrocarbon trajectory estimates are affected by inaccuracy of 

hydrometeorological observations of the current, wind and nature of the pollutant; 

 To see how oil spills change chemically and physically during their movement using 

complementary ADIO2-type software, thus achieving an estimated overall budget of 

the quantity of discharged hydrocarbons remaining after the intervention of the 

depollution means; 

In order to use Gnome, we need to describe a discharge scenario by entering information 

into the software, using THE GOODS system (GNOME Online Oceanographic Data Server) 

[11]. Then Gnome creates and runs a spill layer showing the predicted path of the hydrocarbon 

spill in the scenario. 

What Gnome can do: 

 It estimates the path of the discharge, processing the information we introduce, about 

the wind, weather, current and spill that we want to simulate; 

 Predicts the path that may result from inaccuracy of weather, current, wind observations; 

 It can make predictions about the changes that hydrocarbons will undergo as long as 

they are exposed to the environment. 

Gnome was created in three model patterns: 

 Standard mode; 

 GIS mode; 

 Diagnostic mode. 
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In standard mode a location file uploads processed location data, such as map area and 

patterns of dominant currents in Gnome. Then the system asks for the information it needs to 

run the model. In the standard mode you can save the settings for the model, print photos or 

create a movie of how the model is scrolled. 

The standard module is not flexible enough for a response to the spill, but is an excellent 

tool to simulate the discharges and to build an intuition about the trajectory of the spill for 

specific locations. 

In GIS mode, a location file is also used to set the model. This way you can export the 

model in a GIS-compatible format. (GIS – Geographical Information System. The 

computerized base for the analysis and location of all the locations on Earth.) 

In diagnostic mode, a location file can be used to set a model, or a model can be set by 

entering other data. Without a Base Maps (Global custom map generator) [11], Gnome requires 

entering the shoreline and hydrodynamic information. In diagnostic mode, we have the 

following additional options: 

 We have full access to model parameters and scale options; 

 We can build the model so that we have real-time data – hydrometeorological data in 

real time and forecasting; 

 With advanced training and experience in hydrodynamic modelling, a location file can 

be created; 

 Coefficients that control the size and distribution of uncertainty used in the 'Minimum 

Regret' estimate can be set. 

The simulation of the trajectory (surface currents) shall be done by modelling the flow 

in the defined field in 4 distinct modes/approaches: 

 Current line modelling - SAC (allowing definition of contours and amplitude on them); 

 Read off wind current modelling - WAC (where amplitude values can be defined on 

contours as well as height-level values in combination with wind voltage factor at sea 

surface);  

 The modelling of tidal currents -TAC - facility not yet operable in the Black Sea; 

 Diagnostic Type model - DAC (from dynamic heights and flow conditions) in these 

appearing as parameters: depth friction (linear or not), advection, Coriolis force, 

atmosphere-high coupling coefficient. 

Modelling AC current lines 
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Starting point 

Equation model – for transport current function 

Flow change equation   

 

 

 

 

 

 

Boundary Conditions: 

 all, without flow limits, are current lines; 

 the difference between the current line values in the channels give transport; 

 natural flow limits do not prevent flow; 

 the amplitude of the flow change is used to relax non-divergent constraints and to 

simulate a constant current wave. 

 

 

 

Fault finding type model 

DAC 

 

Model of the equation for the height of the surface: 
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 the height of the specific surface along the isobaric shall have at least one open edge of 

the model range; 

 the right edge for the height of the surface is to the right looking toward shallow water 

if we are in the northern hemisphere; 

 the shoreline edges can be ‘non-urgent ‘, raised in level, slightly inclined depending on 

the current near the coast that is simulated; 

 the natural limit does not prevent flow. 

 

. 

 

 

Wind current modelling 

               WAC 

 

Model equations for the height of the surface: 

 

The conditions at the limit for the height of the surface: 
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 the wind speed may be specified over the entire range and at least one lifting point 

specified; 

 the lifting surface must be specified as high as that of the limit points and as low as that 

of the other; 

 the natural limit does not prevent natural flow. 

 

 

2.2.  Use of the software and complete the work procedure 

This sub-chapter will guide us step by step in a Gnome scenario, describing the 

installation of the software and the study for a crude oil spill into the Black Sea. 

GNOME (step-by-step) software Installation Tutorial and its use for a Black Sea case 

study: 

In this tutorial, we go through the installation and operation of a GNOME [10] software 

for a Black Sea pollution situation 

1. Install the GNOME software at: Response.restoration.noaa.gov/oil-and-chemical-

spills/oil-spills/response-tools/downloading-installing-and-running-gnome.html 

  

2. The window (Fig 2.1) appears: 

 

Fig 2.1 Software installation window from mentioned address  
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3.  Download the user manual (for more information) 

4.  After installation, you will be immediately prompted by questions (Fig. 2.2) (first 

about the license - click "OK"), then select a file location. The NOAA localization files are 

created in multiple regions as well as the data that contains them (topography, climatology and 

tide for that location) 

 

Fig. 2.2 GNOME Installation Tutorial 

 

5.  From the File menu, select "Preferences", then the option mode (Fig 2.3). You now 

have two working modes> Standard and Diagnostic (Fig 2.4) 
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Fig 2.3 Selection of option mode 

 

 

Fig 2.4 Opening the 2 working modes: Standard and fault finding 

 

2.2.1  Setting up the GNOME software in STANDARD mode 

If you choose Standard Mode> Load maps saved by NOOA (Fig 2.5) or previously 

created by you of your choice, using the following steps. 
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Fig 2.5 selecting the desired map (initially there is only one map of NOOA, but you can create a database 

of your own maps – we'll go through later) 

 

 

1. Select the date, start time, and shaping scroll time for the selected map (Fig. 2.6) 
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Fig 2.6 selecting the date, start time, and modelling time for the selected map 

 

2. Choose the wind type (constant or variable – Fig. 2.7) 

 

Fig 2.7 Choosing the wind (constant or variable) 

 

3. Set parameters describing wind and wave. You can choose the default settings or 

enter your own precision measured data provided by the national Institute of Meteorology 

(INMH), the Marine Hydrographic Steering (DHM), or real-time extracts from the area's 

synoptic maps (Fig 2.8); 
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Fig 2.8 Parameter settings related to the selected wind type and wave direction (2 cases) 
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4.  Now, we have a map with a previous current, wind and wave selected by us. On the 

selected map, we choose the coordinates of the point at which the hydrocarbon was discharged, 

we call the layer (the software allows the simultaneous modelling of several discharges), the 

type of pollutant, the quantity and the time of the discharge. (Fig. 2.9) 

Fig 2.9 Input of data for the hydrocarbon layer 

 

5. "Discharge" the quantity of hydrocarbons. You will notice the dispersion modelling 

of the hydrocarbon layer you selected in the required time frame, with the cursor you can select 

the area where the spill occurred, the area affected, and stop the modelling when the 

hydrocarbon reaches the shore (Fig 2.10) 
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Fig 2.10. Modelling the dispersion hydrocarbon dispersion process under hydrometeorological measured 

conditions on the selected map 

 

2.2.2. To operate the GNOME software in DIAGNOSTIC mode 

If you choose the diagnostic mode, the situation becomes " real-time", and you can thus 

create: 

- map of where you are live at any point in the world; 

- Hydro-meteorological information is provided by satellites for their selected position, 

with forecast of wind and current parameters over a period of 2 weeks (not 

recommended, due to the size of the files and the speed of downloading real-time data 

from NOOA site; 

- the estimation of the area covered by the dispersion, the quantity of hydrocarbons 

discharged, the forecasted meteorological parameters, will be constituted as input data 

for the ADIOS2 software; 

The modelling algorithm, involves in THE MODULE - DIAGNOSIS, the next 

steps: 

1. Enter the http://gnome.orr.noaa.gov/goods, and the window will open (Fig 2.11) 

 

http://gnome.orr.noaa.gov/goods
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Fig 2.11 The GOODS system window (GNOME Online Oceanographic Data Server) 

 

2. We enter on Global custom map generator and we will select the area on which we 

want to make the analysis of the hydrocarbon dispersion (in our case study, the W area of the 

Black Sea) (Fig 2.12) 

 

Fig 2.12 Select the reference area (map) for Diagnostic mode 
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3. We will press the draw rectangle button and we will select the strip in the reference area 

that interests us for creating the map. (Fig 2.13) 

Fig 2.13 Select the map on a desired scale (for the reference area) for Diagnostic mode 

4. We will select the get map button and we will save the map respectively coast.bna that 

we will copy directly to the GNOME software so that we can later insert the map directly into 

the software. 

After we have achieved this, enter the maps and select load to generate the map. (Fig 

2.14 si fig 2.15). In this way we have created our own map, designed for modelling for our 

navigation area. 

 

Fig 2.14 Saving the newly created map 
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Fig 2.15 Loading the newly created map into the software 

5. After creating the map, the next step is the one for creating the files of the current and 

the current in real time. We will open a new page again (without closing the others!!) we will 

access the http://gnome.orr.noaa.gov/goods website again and enter the Winds module (Ncep 

Global Forecast System) according to Fig. 2.16. 

 

Fig 2.16 Accessing the Winds module (Ncep Global Forecast System) for the subsequent creation of 

the file with the wind forecast (maximum 2 weeks) 

http://gnome.orr.noaa.gov/goods
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6. We will select the first variant and we will submit (Fig 2.17) 

 

Fig 2.17 Selecting Ncep Global Forecast System at 1 degree precision 
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7. We select last 2weeks + forecast and we will give submit again. (Fig 2.18) 

Fig 2.18 Selecting information about wind parameters in real time and forecast range 

 

8. Generating the file with the wind data for the selected map.  

 

As can be seen, a map was generated again (Fig 2.19) (!!!! Very important: here we will 

copy the coordinates from the first map created by us on the map generator) and we will pass 

as time the date of pollution discharge – in the case study we took 29.05 until 06.06 and we will 

select update dimensions to generate the same map as the initial one created (Fig 2.20). We 

will select the get date to generate the wind file for that area.  

 

 

Fig 2.19  Initial generation of a global reference area 
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Fig 2.20  Generating the map related to the file with the wind data – idem with the dimensions of the map 

selected at step 4 

9. Save the GFS_Global_onedeg.nc file in the GNOME software folder and insert it into 

the movers option 

After you select get data we have saved a file GFS_Global_onedeg.nc just like in the 

case of the map created in the GNOME software folder. From the software, select the option 

movers (Fig 2.21) , continue with the selection variable winds , press load , entering the file 

above GFS_Global_onedeg.nc. 
 

Fig 2.21 Selecting the movers’ option for the wind and displaying it in the software settings window  

(left side of the monitor screen) 

 

10. Loading the wind parameters on the map and displaying the movement on the selected 

time interval. 
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Select the load for the file and it will appear the window in figure 2.22, select show 

velocity (to observe movement) and period of 72 hours, press ok.  

Fig 2.22 Loading the wind parameters on the map and displaying the selected time interval of its 

movement. 

As it is stated in Fig 2.23, we created the real-time wind for our chosen map, in order to 

achieve further dispersion modelling. 

Fig 2.23 Real-time wind for dispersion analysis map 

 

11. The next step is to create the current files as it follows. 

 

Open a new page of the following site http://gnome.orr.noaa.gov/goods, we select 

Global Ocean Current Models, then we select the HYCOM model (Fig 2.24). 

http://gnome.orr.noaa.gov/goods
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Fig. 2.24 Selecting the HYCOM global current model 

 

We select Submit. We will be generating again the initial global map, where we will 

copy the same coordinates as the map created for the navigation area, respectively the wind (!!! 

Note: Failure to comply at the level of seconds with the map dimensions (identical) for all 3 

files: map, wind and currents – will cause the software to crash). On the newly created map for 

the currents, we press update dimensions and we will select the get data option, according to 

Fig 2.25 
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Fig. 2.25 Selecting the map and updating the dimensions in order to create the HYCOM.nc file 

12. Copying the newly created file (it will be HYCOM.nc) in the GNOME folder and 

uploading it to the software. 

Then we will select as in the case of the wind, the mover option, it will show the current 

window where we will choose load option to the previously created file. (Fig 2.26) 

Fig. 2.26 Image of the window for loading the current file (HYCOM.nc) 

 

13. Display current related parameters on the map and the selected time interval of current 

movement. 
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We select load for the file and parameter selection appears (Fig 2.27), select show 

velocity (for movement observation) and 72-hour period (time), then press OK for viewing the 

combined wind and current action. (Fig 2.27, Fig 2.28). 

 

Fig. 2.27 Selection of parameters for observing the movement of current and related time 
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Fig. 2.28 Capture with the representation of the combined action of wind and currents in the created area 

(map) 

 

14. The next step is to represent the quantity of hydrocarbons discharged (depending on a 

predetermined scenario or any actual situation under the conditions of the discharge on board!!). 

We select in the GNOME software (on the left side of the window), the spills option, 

and then create (Fig 2.29): DIESEL pollutant, 20000 metric tons. 

(CAUTION!     -    We may choose to have 1, 2 or more simultaneous discharges, hydro 

morphological factors remaining not changed; 

- Each spill can be attributed a name, different quantities per type of oil with 

different physical and chemical properties in the case of the transport of 

hydrocarbons such as cargo, fuel, etc.)  

Fig 2.29 selection of the type of pollutant, name of the discharge, quantity and position with geographical 

coordinates. 

 

15. We select Ok, then model settings with the option duration (we select 5 days or as we 

want the viewing interval of dispersion) and press ok (Fig 2.30). 
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Fig 2.30 Selection of the starting data of hydrocarbon dispersion and the desired time interval of 

evolution. 

In Fig 2.31,  we can notice the hydrocarbon layer created at the scale of the map (square 

with black). 

 

Fig 2.31 Visualization of the created hydrocarbon layer 

 

16. Simulation of the evolution of the hydrocarbon layer with the determination of the 

arrival time on the coast under the action of hydrometeorological factors, according to the 

forecasts estimated in real time 
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As you can see below, we will press on the scroll bar, and according to the chronology 

of the hydrocarbon layer dispersion (Fig 2.32, Fig 2.33 and Fig 2.34), on the 31.05 at 1:32 pm, 

the suspended fractions/ components of the hydrocarbon layer will reach dryness. 
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Fig 2.32, Fig 2.33 and , Fig 2.34: The development of the hydrocarbon layer with the moment of reaching 

the coastline 
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3.1. The ADIOSS 2 software – general description 

Crisis management software containing procedures to estimate the development of the 

material discharged shall be used to prevent pollution or to carry out oil pollution response 

actions. 

The estimates shall relate to the chemical and physical changes of the hydrocarbon 

pollutant as well as its dispersion in the marine environment according to its parameters, the 

conditions at the site of the discharge and the adjacent areas (temperature, air, water, wind 

direction, current, etc.), wave parameters and their evolution over time). 

In addition to reducing pollution accidents on waters, there is also the problem of 

combating pollution in the event of an accident. The cleaning methods used in case of oil spill 

into the sea have evolved over time, but oil spills have dramatic effects on marine ecosystems 

due to the exposure of living organisms to chemical compounds. 

From this point of view, the ADIOSS (Automated data request for oil cells) software is 

a software model, incorporating a database containing more than a thousand types of crude oil 

and refined products, providing a rapid estimation of the characteristics and behavior of 

hydrocarbons discharged into the marine environment. Predictions are made both in graphical 

and text presentation, designed to help and answer a series of questions that usually occur during 

the time spent responding to pollution and cleaning operations 

 3. MODEL FOR THE PREDICTION 

OF THE QUANTITATIVE 

EVOLUTION OF THE 

HYDROCARBON LAYER USING THE 

ADIOSS 2 SOFTWARE AND REAL-

TIME HYDROMETEROLOGIC 

INFORMATION 
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As an example, by estimating the change in viscosity grade (flow resistance) over time, 

ADIOS2 gives an answer to the question: Can oil be dispersed using chemical dispersants? 

By estimating the rate of increase in water content in oil over time, ADIOS2 provides 

an answer to questions such as: If 1.000 litres of crude oil have been discharged, will it need 

more than 1.000 litres of mixture (oil-water) to be cleaned/recovered? How much more? 

ADIOS2 includes new models to estimate the effects of common cleaning techniques, 

such as: 

- chemical dispersion, 

- skimming (collection with skimmers), 

- the combustion of hydrocarbons, 

- the environmental processes accompanying the hydrocracking 

layer development (evaporation, sedimentation, emulsifying, etc.), 

The software also includes an extensive online help and the electronic manual 

The ADIOSO2 database includes estimates of the physical properties of hydrocarbons 

and derived products. ADIOS2 uses this information to anticipate changes in hydrocarbon 

properties after they have been discharged. It has been compiled from various sources, 

including environmental ones from Canada, the US Department of Energy, and industry. 

ADIOS uses equations and mathematical information from the database to anticipate 

changes in the density, viscosity, and water content in the oil or a derived product, the rates at 

which they evaporate from the sea surface and disperse in water, and the rate at which a 

hydrocarbon-water emulsion is formed. The software has been designed to make use of as little 

information as possible, and to use information that can be quickly estimated or obtained in real 

time of hydro-morphological parameters, such as: 

- Wind speed (s) 

- Wave height 

- water temperature and salinity or density, 

but also, the type and quantity of hydrocarbon or by-product discharged, the rate and duration 

of the leak (Fig 3.1). 
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Fig 3.1 General view with the main menu window of the ADIOSS2 software 

 

3.2. Using the ADIOS2 software and going through the work procedure 

This sub-chapter will guide us step by step in an ADIOS2 scenario, describing the 

installation of the software and the study on THE BUDGET for the oil spill in the Black Sea, 

the release and real-time hydro-meteorological factors of which were taken from the previous 

chapter (using the GNOME software). 

ADIOS2 (step-by-step) software Installation Tutorial and using it for a Black Sea 

case study (work procedure): 

In this tutorial, we go through the installation and operation of an ADIOS2 software for a 

pollution situation on the Black Sea. 

1. Install the ADIOS2 software at: http://response.restoration.noaa.gov/oil-and-

chemical-spills/oil-spills/response-tools/downloading-installing-and-running-adios.html.  

 

2. The window (Fig 3.2) appears like below: 

http://response.restoration.noaa.gov/oil-and-chemical-spills/oil-spills/response-tools/downloading-installing-and-running-adios.html
http://response.restoration.noaa.gov/oil-and-chemical-spills/oil-spills/response-tools/downloading-installing-and-running-adios.html
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Fig 3.2 Software installation window from the mentioned address 

 

3. After the installation of the ADIOSO2 software, the next step is to select the same 

hydrocarbon categories previously dispersed by the GNOME software (with the same 

properties - see the spills option in step 14 of GNOME) as follows (Fig. 3.3 -3.5). 

 
Fig 3.3 Selection of the type of hydrocarbon: DIESEL FULL OIL (SOUTHERN USA 1994) 
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Fig 3.4 Visualising the properties of the selected hydrocarbon type 
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Fig 3.5 The end of the hydrocarbon selection phase 

 

4. The next step is to select wind and wave conditions, and we will choose the same values 

as in the GNOME software (from the hydro-morphological data provided in real time), we 

continue with OK. (Fig 3.6-3.7). 
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Fig. 3.6 - 3.7 Selection of wind and wave conditions, choosing the same values as in the GNOME 

software 

 

5. Select water properties where we fill in the requested data (for the current) as in the 

GNOME software. (Fig 3.8, a,b) 

 

a 
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b 

Fig 3.8 a,b. Selection and completion of the water properties option where the requested data (for 

the current) will be the same as in the GNOME software. 

 

6. Proceed to complete the Release information option (date, quantity, discharge mode) we 

select instantaneous release (in our case), continuing with the same data for the spill as in the 

GNOME software (Fig 3.9-3.10) 
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Fig 3.9-3.10. Completion of release information (date, quantity, mode of discharge) by following 

correlations with the GNOME software. 

After completing all the requirements on the main page, we will select solve, for a first 

budget of the oil spill, which is only driven by hydrometeorological factors and physical-

chemical processes at the interface of the marine environment with the atmosphere (Fig 3.11). 
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Fig 3.11 A first budget of time-based oil spill, driven only by real-time 

hydrometeorological factors and physical-chemical processes at the interface of the marine 

environment with the atmosphere 

As we can see, in the diagram above, we have the remaining quantity, the evaporated 

quantity and the dispersed quantity of hydrocarbons. 

7. For the next step, we select the first mode of intervention (using the dispersant). We 

press remover and then click on the dispersant, we will key the start time of application of the 

dispersant, the duration and the percentage values (on the surface and the application efficiency) 

(Fig 3.12). We will finish by pressing ok. 

Fig 3.12. Selection of parameters in case of intervention by the dispersant 
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We will select solve for a new view of the layer budget, the image being the one in the 

figure 3.13 

Fig 3.13 The budget for the amount discharged of hydrocarbons after intervention by 

the dispersants. 

8. The next step requires an intervention by in-situ combustion. We will select again 

remote with the in-situ burn option, where we will complete the related values (the selected 

surface in m2, the specific combustion layer thickness – minimum 2-3 mm), we will finish by 

pressing ok and solve. (Fig 3.14 & fig 3.15) 

Fig 3.14 Selection of parameters for combustion with the help of - in situ 
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Fig 3.15 The new budget for the amount discharged by hydrocarbons after 

intervention by in situ combustion 

9. For this step, we will select the removal for a last method of intervention, thus: the 

mechanical option (where we will complete the recovery rate data with skimmers, the duration 

of the action, the start time of the operation), we continue by pressing ok and solve. (Fig 3.16 

& 3.17) 

Fig 3.16 Selection of parameters in case of mechanical intervention using skimers 
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Fig 3.17 Final budget amount of discharged hidrocarbons after mechanical 

intervention. 

Thus, in the diagram Figure 3.17, we have the quantity of hydrocarbons remaining, 

burned, dispersed, mechanically collected and evaporated after the depollution measures were 

taken. 

Note! The software allows you to generate several simultaneous or successive 

interventions using the methods listed above, depending on the number of technical means 

(skimmers), the quantity and type of dispersion available (if the legislation allows) and the 

specific environmental conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

175 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the 

views only of the authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information 

contained therein” 

 

 

 

 

 

 

 

 

 

➢ The entire Gnome software system (Cats, Gnome, Gnome Analyst) has been designed 

specifically for such situations involving environmental protection, prevention and combating 

marine pollution by hydrocarbons. It develops computational and statistical analysis 

procedures, outlines physical processes that occur at the ocean/sea surface and are important in 

determining the movement and spread of the pollutant, describes the use of historical 

information and ocean and atmosphere forecasts, as well as the statistical implications of their 

use in the trajectory analysis. 

➢ By applying this working procedure (tutorial) on board any ship (civilian or military) 

by correlation with hydrometeorological conditions obtained in real time or over forecast 

intervals (within acceptable error limits), the movement and spread of hydrocarbons can be 

known (or their derivatives) when they are discharged to the marine environment in an area for 

which there is sufficient historical data and a minimum of up-to-date data even during the 

analysis. The presentation of the position of the pollutant at certain times (in the form of 

animation) can be a basis for starting (especially if, as new data are obtained, modelling 

parameters are changed - although calculating times can sometimes be limited) for planning 

field protection operations, for the application of the best methods of interview. 

➢ Early evaluation of the consequences, planning of field works (shoreline), and the need 

to attract additional (unplanned) resources can be underpinned by a complex analysis of the 

results and a correct interpretation. This is the purpose of the GNOME-ADIOS2 binomen 

component, presented in this study and development of the application methodology. The 

strings of files exported (saved) by Gnome for a defined case are taken over to Gnome Analyst 

and allow a clearer estimates spread and a calculation as close as possible to reality of the 

hydrocarbon budget using the ADIOSS2 software. 
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➢ This study may be an integral part of the operating procedure annexed to the plan for 

response to pollution by hydrocarbons on board the ship, it can be linked to the system of real-

time transmission of hydrometeorological or forecast data to optimize the response activity in 

case of major marine pollution. It can also be implemented as a teaching tool in the training of 

students and masters in specialized disciplines. 
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