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Executive summary 
 
The aim of this briefing paper is to assess the total and specific maritime transport external 
costs. The study was carried out considering the three main external factors: 

(i) marine pollution (discharges into the sea); 

(ii) air quality (atmospheric emissions); 

(iii) climate change (greenhouse gases). 

In addition, physical impacts were quantified for a second group of factors for which monetary 
values are not available:  

(iv) resources consumption; 

(v) solid (garbage) and liquid (sludge) waste. 

 
Methodology 
 
The 'impact pathways' methodology applied for the quantification of the external costs of 
maritime transport is made of the following steps: 

(i) disaggregation of the 2006 fleet into ship categories according to: fleet size, GT, Dwt, 
tonnes and passenger transported, t-km or p-km, average distance, speed and ship-voyages, 
average persons on board per ship-voyage; 

(ii) calculation of the environmental impact factors for each category by parameterising 
average indicators: greenhouse gases, air quality, discharges at sea, waste and resources 
consumption; 

(iii) selection of unit damage values for the impact factors and monetary valuation of the total 
and specific (per tonne-km) external costs for the ship categories for international and UE 
fleets. 

 
Main results 
 
Assuming no illegal activities, the total costs of the three external factors - marine pollution, air 
quality and climate change - reach a total of EUR 260 billion for the world fleet and 
EUR 57 billion for the EU fleet. 70% of these costs are due to air quality, 30% to greenhouse 
gas emissions and less then 1% to marine pollution. Adding to these costs the ones due to illegal 
oil spills worldwide, whose cost estimates are about EUR 39 billion (13% of the total external 
costs), gives us an overall external cost of EUR 299 billion for the world fleet. This estimate 
does not include the external costs of resources consumptions, solid (garbage) and liquid 
(sludge) waste, for which monetary valuations are not available. 
 
Looking at the specific external costs, excluding the illegal activities, for the various ship 
categories considered it is interesting to note that remarkable differences exist between bulk 
transport (about 0.3 cent Euro/t-km), container transport (0.5 cent Euro/t-km, that is 66% more 
than bulk) and the truck and trailer Ro-Ro transport (3.2 cent Euro/t-km, ten times higher than 
bulk transport specific external cost). 
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Recommendations 
 
Given the global features of shipping industry, and the international legal framework regulating 
sea-based activities (ship traffic included), the most effective level for a maritime transport 
environmental policy is the international one (IMO). Nevertheless, the European Union can 
significantly contribute to reducing the environmental impact of maritime transport by: 

(i) coordinating EU Member States in order to have a common position at IMO;  

(ii) proposing a review of IMO rules so that the EU can act as a recognised Representative 
Party with all powers to substitute Member States' powers in the IMO decision-making 
bodies, as in the case of UNFCCC, where the EU as a whole has assumed the compulsory 
reduction target of the Kyoto protocol;  

(iii) proposing early autonomous EU policies and measures that stimulate IMO environmental 
measures or implementation of the already adopted Convention by the IMO Parties;  

(iv) promoting realistic environmental targets, technical standards (for example a standard for 
sea water sulphur scrubbing technology) and management standards (for example EMAS 
standard for shipping). 

Among the policies to be endorsed, EU might consider the appropriateness of promoting a 
global shift from the use of heavy fuel oils to the use of distillates, by going along the path laid 
out by EU Directive 33/2005/EC, amending EU Directive 1999/32/EC, on the sulphur content 
of marine fuels, which distinguishes between marine gas oil and marine diesel oil, as recently 
put forward by Intertanko. In this way it would be possible to gradually spread the use of marine 
diesel oil, while its sulphur content may be progressively reduced as a global cap. Alongside the 
diffusion of MDO, the concept of SECA areas will be limited to ports (ships at berth), where 
ships may use marine gas oil with a sulphur content progressively closer to the road transport 
limits. 
 
In order to reduce illegal oil spills that, according to our estimate, generate 13% of the external 
costs of maritime transport, the EU could support the enforcement of EU Directive 35/2005/EC 
on sanctions for ship source pollution and on the introduction of penalties for infringements, by 
promoting technological innovation in order to integrate SAR satellite monitoring with AIS 
(Automatic Identification System).  
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List of abbreviations and acronyms 
 
 

AIS Automatic Identification System 

BOD Biochemical Oxygen Demand 

CAFE Clean Air For Europe Programme 

CO2 Carbon dioxide 

DSA Danish Shipowners’ Association 

Dwt Deadweight 

ECSA European Community Shipowners’ Association 

EEA European Environment Agency 

EMAS Eco-Management and Audit Scheme 

EMEP European Monitoring and Evaluation Programme 

EMS Environmental Management System 

Entec Entec UK Limited 

GESAMP Joint Group of Experts on Scientific Aspects of Marine Environmental 
Protection 

GHG Greenhouse Gas 

GT Gross Tonnage 

GW Gigawatt 

HCFC Hydrochlorofluorocarbon 

ICCT International Council on Clean Transportation 

IEA International Environment Agency 

IIASA International Institute for Applied Systems Analysis 

IMO International Maritime Organisation 

IPCC Intergovernmental Panel on Climate Change 

ISM International safety Management 

ITOPF International Tanker Owners Pollution Federation Limited 

LG Liquefied Gas 

LMIS Lloyd’s Maritime Information System 

MARPOL International Convention for the Prevention of Pollution From Ships 

MDO Marine Diesel Oil 

MEPC Marine Environment Protection Committee 
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specific geographical areas, such as European seas or EU territorial waters. For this reason the 
estimated external costs have been calculated separately for international (global fleet) and the 
EU fleet. Specific valuations were added only when geographic marine activity data were 
already available, as for the air emissions in Entec 2002, Entec 2005 and IIASA-Entec-MET.NO 
2006 studies. 

Figure 2. Ship’s Resources Consumptions and Environmental Impact Factors 

 
Figure 2 shows the main environmental impact factors of ships: while air emissions from on-
board engines may have similarities among different ship types, broader differences in order of 
magnitude may result for solid waste production and wastewater discharges mainly due to the 
number of persons on board (passengers and crew). The environmental impact factors have been 
divided into two groups; the first group includes those factors where it has been possible to 
make a monetary evaluation: 

(i) greenhouse gases (CO2 emissions); 

(ii) atmospheric emissions (air quality); 

(iii) discharges into the sea (marine pollution). 

For the second group of factors, no monetary evaluations are available and there is only a 
quantification of the physical impacts; the two further factors are: 

(iv) resources consumption; 

(v) waste. 

All the reference data, input parameters, methodological assumptions and detailed results of the 
present study are provided in a separate Annex.  
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2. Classification of ship categories 
 
In order to take into account the broad differences between ship typologies in terms of 
environmental impacts and economic damages, six ship categories have been considered: 
tankers, bulk carriers, general and specialised cargo ships, container ships and reefers, Ro-
Ro/Ro-pax and dedicated passenger ships. These represent the world and EU commercial fleet 
above 100 GT.  

Table 1 (see also tables 1a and 1b of the Annex) summarises the fleet and traffic data on which 
the subsequent evaluation is based. Detailed ECSA data on international and EU fleet have been 
aggregated into the six categories. 

Table 1. Fleets consistency and traffic by category (ships > 100 GT), year 2006 

EU fleet and traffic World fleet and traffic Ship Categories 

Nr dwt000 Billion 
tkm 
(cargo) or 
Billion 
pkm 
(cruise) 

Billion 
tonnes 
(cargo) or 
Million pax 
(cruise) 

Nr dwt000 Billion 
tkm 
(cargo) or 
Billion 
pkm 
(cruise) 

Billion 
tonnes 
(cargo) or 
Million 
pax 
(cruise) 

Tanker (oil, chemical, LG, others) 2 067 90 538 5 002 0.543 11 917 401 591 22 187 2.410 
Bulk carrier 1 279 72 610 3 481 0.364 6 551 352 617 16 907 1.768 
General and specialized cargo 2 343 15 016 809 0.181 18 053 86 879 4 680 1.047 
Container & Reefer 1 043 36 232 3 524 0.377 4 872 122 961 11 958 1.278 
Ro-pax and Ro-Ro cargo 1 445 4 729 177 0.380 3 603 10 452 391 0.840 
Total cargo and cargo/pax ships 8 177 219 125 12 620 1.651 44 996 974 500 56 123 7.343 
Cruise and passenger ships 860 406 9.5 3.319 3 100 1 646 42.0 14.650 
Grand Total 9 037 219 531 - - 48 096 976 146 - -
 
Sources: ECSA Annual Report 2005-2006, Fearnleys 2006 (exp. 2006), US Dep. For Transportation 2004 (cruise). 

Data on international traffic (tonnes and tonnes-km) have been taken from published statistics for cargo 
transport and cruise market2. Further elaborations were needed in order to obtain traffic data for the EU fleet 
proportionally to the Dwt of the global fleet, which better represents ships maximum cargo payload, and for 
cargo quantities transported by Ro-Ro ships. All data refer to the year 2006.  

 
3. Environmental impact factors 
 
Basic data on environmental impact factors per single ship in each category have been estimated 
using different sources, including confidential environmental analysis reports produced by 
shipping companies within an environmental management pilot project3. 

3.1. Greenhouse gases emissions (climate change) 

Maritime transport emits several greenhouse gases; the ones considered in this report are the 
CO2 (associated to the fossil fuel combustion process) as well as the HCFC (losses of refrigerant 
gases from air conditioning systems and on board freezers) released into the atmosphere.  

There are many different estimates of CO2 emissions by global shipping (table 2), based on two 
different approaches: the bunker fuel sales accounting and the so called 'bottom-up' approach, 

                                                 
2  Fearnleys, 2006 and US Department of Transport, 2004. 
3  DSA, 2000 and EMAS-ship, 2006. Data do not represent the performance of a single ship monitored in the pilot 

projects but the average impacts for the average ship belonging to a certain category. 
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based on ship features and traffic data over time. The bunker fuel supply statistics are the 
starting point of the authoritative report published by IMO, which estimated 419 Mtonnes of 
CO2 in the year 1996. In the most recent years new evidence has been provided that data on 
reported sales of marine bunker fuel are likely to be underestimated, as shown by the 
discrepancies between the low growth of bunker fuel sales and the 70% rise of world merchant 
fleet in the last three decades4. 

Recent studies based on the 'bottom-up' approach have revealed different estimates of global 
shipping CO2 annual emissions: 912 Mtonnes according to Corbett & Koehler (2003), 813 
Mtonnes by Eyring et al. (2005) for the year 2001 and 758 Mtonnes by CE Delft (2006) for the 
year 2000. 

Table 2. Recent studies estimating CO2 emissions due to global shipping 

Author Approach Year CO2 
emissions 
(Mtonnes) 

2006 1.003Present Report Bottom-up 
(2001) (888)

Eyring and others (2005) Bottom-up 2001 813
Corbett & Koehler (2003) Bottom-up 2001 912
CE Delft (2006) Bottom-up, using Entec methodology at global level 2000 758
EDGAR Fuel sales 2000 428
IMO-Marintek and others (2000) Fuel sales 1996 419
RIVM (1999) Fuel sales 1990 420

 

Consistently with the 'impact pathway' methodology, this paper follows the 'bottom-up' 
approach and the estimates are based on six statistically derived hourly energy consumption 
functions, one for each of the ship categories considered. The energy consumption functions 
estimated in 1998 by MEET-Techne have been updated to the year 2006 by applying a 10% 
energy efficiency increase for the last decade new fleet (about a 3.3% efficiency increase for the 
whole fleet)5. While emission factors have been taken from the updated version of the Entec 
study (2005), total energy consumptions have been estimated making lower hypothesis than the 
Entec study on the 'not operating time' of manned ships6. 

According to the energy consumption and emission factors approach, world shipping emissions 
in 2006 reach 1003 million tonnes of CO2, 225 Mtonnes out of which (22.5%) from the EU 
fleet, (tables 3 and 4). World shipping CO2 emissions account for exactly 3.9% of the global 
CO2 emissions from fuel combustion (about 26 billion tonnes, IEA, 2005); the EU fleet for less 
than 1%. Considering the IIASA-Entec-MET.NO (2006) study estimate of a 13% growth rate of 
international shipping energy consumptions in the period 2000-2005, this would give a value of 
888 million tonnes for the year 2000, which falls in the range of the bottom-up studies reported 
in table 2. 

In addition to CO2 emissions from fuel combustion, HCFC releases in the atmosphere due to 
losses of refrigerant gases from air conditioning systems and on-board freezers were also 
                                                 
4  ICCT, 2007, p.27. 
5  For more information on the MEET-Techne methodology see Trozzi, C., Vaccaro, R., (1998) and also Molocchi, 

A., Lombard, P.L. (2001). 
6  We assumed a category-differentiated inactivity rate of ships: 768 hours/y for Ro-Ro ships, 1632 h for cruise and 

passenger ships and 240 hours for cargo ships. 
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considered, although their contribution to the total emissions is marginal: 6403 tonnes of HCFC 
for the world fleet and 1551 tonnes for the EU fleet. 

Table 3. GHG emissions (CO2, HCFC) of the EU fleet by category (ships > 100 GT) 

EU Fleet GHG emissions 

Impact Type CO2 (climate change) HCFC (refrigerants) CO2 eq (Total) 
Sources Entec2005 ICCT 2006 IPCC,2001 (R22 GWP100 = 1700) 

Unit of Measure M tonnes/y tonnes/y M tonnes/y 
Tanker (oil, chem., LG, others) 56.5 100.8 56.7 
Bulk carrier 34.8 62.4 34.9 
General and specialized cargo 33.8 114.2 34.0 
Container & Reefer 62.5 233.6 62.9 
Ro-pax and Ro-Ro cargo 25.7 900.3 27.3 
Total cargo and cargo/pax ships 213.2 1 411.2 215.6 
Cruise and passenger ships 12.0 139.5 12.2 
Grand Total 225.2 1 550.8 227.9 
 

Source: Entec (2005), MEET-Techne (1998), EEA (2006), IPCC (2001), ICCT (2007). 

 

Table 4. GHG emissions (CO2, HCFC) of the World fleet by category (ships > 100 GT) 

World Fleet GHG emissions 

Impact Type CO2 (climate change) HCFC (refrigerants) CO2 eq (Total) 
Sources Entec2005 Emas-ship IPCC,2001 (R22 GWP100 = 1700) 

Unit of Measure M tonnes/y tonnes/y M tonnes/y 
Tanker (oil, chem., LG, others) 281.5 581.0 282.5 
Bulk carrier 174.6 319.4 175.2 
General and specialized cargo 223.5 880.1 225.0 
Container & Reefer 220.5 1 761.5 223.5 
Ro-pax and Ro-Ro cargo 57.0 2 244.9 60.8 
Total cargo and cargo/pax ships 957.1 5 786.9 966.9 
Cruise and passenger ships 45.9 616.0 47.0 
Grand Total 1 003.0 6 402.8 1 013.9 
 

Source: Entec (2005), MEET-Techne (1998), EEA (2006), IPCC (2001), ICCT (2007). 

Figure 3 shows the estimates of maritime CO2 emissions in a geographical perspective, focusing 
on the five European sea areas of the EMEP domain based on 2005-2000 growth rates (baseline 
scenario) and reference data of the IIASA-Entec-MET.NO study (2006). Around 178 million 
tonnes of carbon dioxide were released from ships in the five European sea areas in 2005 (18% 
of the world shipping emissions).  
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Figure 3. Estimated CO2 emissions by all ships in the EMEP domain (2005)  
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Note: all cargo and passenger ships with no flag distinction, national plus international traffic, year 2005. 

3.2. Atmospheric emissions (air quality) 

Tables 5 and 6 show SO2, NOx, PM2,5 and HC total emissions for the EU and World fleet. Total 
emissions were obtained by applying Entec (2005) emission factors to the 2006 energy 
consumptions estimates by ship category in the three navigation phases: cruise, manoeuvring 
and at berth. Table 7 shows emissions of air pollutant from ships operating in the five 
European/EMEP sea areas, following the same assumptions and reference data described in the 
previous paragraph.  

Table 5. Air quality emissions of the EU fleet by category (ships > 100 GT) 

EU Fleet Air quality emissions 

Impact Type 

SO2 NOX PM2,5 HC Evaporative 
VOC from 
bunkering 

Evaporative 
VOC from 
loading and 
unloading 
of cargo 

Sources Entec2006 Entec2006 Entec2006 Entec2006 DSA (T) DSA (T) 

Unit of Measure tonnes/y tonnes/y tonnes/y tonnes/y tonnes/y tonnes/y 
Tanker (oil, chem., LG, others) 950 892 1 199 514 106 007 42 972 2 572 82 977 
Bulk carrier 583 342 970 791 79 563 32 912 1 581 -
General and specialized cargo 563 404 836 223 59 600 28 265 1 538 -
Container & Reefer 1 054 377 1 684 351 136 623 56 387 2 847 -
Ro-pax and Ro-Ro cargo 227 156 495 038 25 035 15 976 1 174 -
Total cargo and cargo/pax ships 3 379 171 5 185 916 406 828 176 512 9 712 82 977 
Cruise and passenger ships 105 311 224 950 12 774 8 033 544 -
Grand Total 3 484 483 5 410 866 419 602 184 545 10 257 82 977 

 
Source: IIASA-Entec-MET.NO (2006), MEET-Techne (1998), EEA (2006), IPCC (2001), ICCT (2007). 
Note: As to sulphur content in marine fuel, Entec emission factors reflects the IMO reported world average of 2,7% 

of current marine fuel. Given that our base year is 2006, both the effects of Marpol Annex VI in the Baltic 
Sea 'Sulphur Emission Control Area' or SECA (19 may 2006) and of the Directive 33/2005 rule on 1,5% 
sulphur on passenger ships in regular services between EU ports (from 11 august 2006) have been 
considered. As to the passenger ships limit, about 60.000 tonnes SO2 reduction from passenger vessels in 
regular traffic between EU ports were estimated using Entec data (2% of the EMEP domain). 
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Table 6. Air quality emissions of the World fleet by category (ships > 100 GT) 

World Fleet Air quality emissions 

Impact Type 

SO2 NOX PM2,5 HC Evaporative 
VOC from 
bunkering 

Evaporative 
VOC from 
loading and 
unloading 
of cargo 

Sources Entec2006 Entec2006 Entec2006 Entec2006 DSA (T) DSA (T) 

Unit of Measure tonnes/y tonnes/y tonnes/y tonnes/y tonnes/y tonnes/y 
Tanker (oil, chem., LG, others) 4 736 837 5 975 336 528 069 214 066 12 814 368 055 
Bulk carrier 2 930 215 4 876 426 399 659 165 321 7 942 -
General and specialized cargo 3 726 418 5 530 877 394 202 186 947 10 170 -
Container & Reefer 3 721 508 5 945 049 482 220 199 024 10 050 -
Ro-pax and Ro-Ro cargo 790 036 1 097 048 55 480 35 404 2 602 -
Total cargo and cargo/pax ships 15 905 013 23 424 737 1 859 630 800 761 43 578 368 055 
Cruise and passenger ships 634 241 863 269 49 021 30 826 2 089 -
Grand Total 16 539 253 24 288 005 1 908 651 831 586 45 667 368 055 

 
Source: IIASA-Entec-MET.NO (2006), MEET-Techne (1998), EEA (2006), IPCC (2001), ICCT (2007), DSA (2000, T 

= Tanker environment report; R = Ro-Ro environment report). 

 

Table 7. Air quality emissions by all ships (cargo and passenger vessels, no flag 
distinction, international plus national traffic) in all EMEP sea areas, year 2005 

SO2 NOX PM2,5 HC 

Entec-IIASA 2006 Entec-IIASA 2006 Entec-IIASA 2006 Entec-IIASA 2006 - 
TREMOVE 

Sea Areas 

000 tonnes 000 tonnes 000 tonnes 000 tonnes 
North Sea 583.4 792.1 62.2 29.0 
Black Sea 73.9 97.5 8.6 3.4 
Mediterranean Sea 1 450.7 2 008.6 156.9 70.2 
Baltic Sea 253.0 345.8 27.0 13.0 
NE Atlantic Sea 600.8 853.3 68.9 29.2 
Total 2 961.9 4 097.4 323.6 144.9 

 
Source: IIASA-Entec-MET.NO (2006). 

Note: Original data referred to 2000 (Appendix B). They have been updated to 2005 by using IIASA emissions 
growth assumptions (per pollutant; by sea region, ship type, flag, movement type, inside plus outside 12 
miles zone) for the baseline scenario (Appendix C). Activity annual growth rates from the TREMOVE 
transport model applied for HC and CO2. All ships included (500 GT plus smaller vessels). 

 

From the analysis it can be concluded that: 

• SO2 globally emitted by ships is 16.5 million tonnes, 21% of which is attributable to the EU 
fleet (3.5 millions). Taking into account a geographical perspective, the total amount of SO2 
released in the European seas in 2005 is approximately 2.9 million tonnes; 

• shipping contributes 24.3 million tonnes of NOx to global emissions, 22% of which is 
generated by the EU fleet (5.4 millions). In the European sea areas the estimated emissions 
are 4.1 million tonnes; 
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• global emissions of PM2,5 is 1.9 million tonnes (0.4 million tonnes from the EU fleet). A 
release of 324 000 tonnes of PM2,5 is estimated in European sea areas, 1.2 million tonnes 
VOC are emitted globally, 34% of which from evaporation processes: 368 000 tonnes from 
oil tanker cargo loading7 and 46 000 tonnes from ships' bunkering, which are respectively 
83 000 tonnes and 10 260 tonnes emitted by European tankers. 

3.3. Discharges into the sea (marine pollution) 

The marine pollution sources have been classified in five groups, which are detailed here below. 
It is important to stress that monetary estimates for the corresponding external costs exist only 
for the first three: wastewater discharges from bilge separators, accidental oil spills due to 
operational activities and wastewater discharges from cargo tanks cleaning with seawater-based 
process. Details about their quantification can be found in tables 8 to 11 of the Annex. 
• Wastewater discharges from bilge separators - This pollution source is relevant for oil 

discharges at very low level (<15 ppm), as controlled under Marpol Annex I8, and for 
chemical substances in the engine room bilge wastewater (not controlled under IMO 
regulation). It is estimated that 62 million tonnes of bilge wastewater containing 893 tonnes 
of oils in drops and other dangerous chemical substances are released in the sea by 
international maritime transport9, about 18% of which by the EU fleet. 

• Accidental oil spills due to operational activities (bunkering; oil cargo loading - relevant 
only for tankers). This source have been considered since in ITOPF oil spills inventory 
(limited to >7 tonnes spills) accidental oil spills for tanker operational activities are 
distinguished from accidental oil spills due to non risk-specific activities (collision, 
groundings, fire, explosion): every year about 142 tonnes oil are accidentally released in 
bunkering and cargo loading operational activities by tankers. The figure on small oil spills 
during bunkering by tankers may be used to estimate non-tanker bunkering spills (52 more 
tonnes/year), giving a total of 194 tonnes/y (35 tonnes/y is the total for the EU fleet). 

• Wastewater discharges from cargo tanks cleaning with seawater-based process. This source 
is relevant mainly for chemical tankers, when they change the type of cargo transported (oil 
tankers usually use other cargo cleaning systems)10. Discharge of chemical substances from 
cargo tanks cleaning is regulated by Marpol Annex II. In order to control the release of oily 
residues an Oil Discharge Monitoring System (ODMS) is requested for all tankers >150 GT. 
In our estimation, world (chemical) tankers discharge 7 million tonnes wastewater from tank 
cleaning, with about 1500 tonnes/y legal discharges of oil (<15 ppm) through the ODM 
system. 

• Grey (laundries, kitchen, showers) and black (sewage) wastewater discharges. An overall 
estimate of more than 250 million tonnes of grey and black waters discharged by global 
shipping, 25% due to the EU fleet. Grey and black waters contain organic matter and 
nutrients that may contribute to the marine bacteriological pollution and eutrophication 
processes. Marpol Annex IV regulates the black water discharges only of ships built after 27 

                                                 
7  DSA (T) reports 13 tonnes VOC emissions from a chemical tanker oil loading operation (332 g/tonne cargo). 

Given lack of data on evaporative emissions recovery systems availability in terminals, we assumed a 50% 
globally. 

8  If the ship is equipped with an oil bilge separator equipment with auto stop, discharge below 15 ppm is 
permitted even in special areas. 

9  As to Ro-Ro and only passenger ships, where coast bordering routes may play a significant role, no discharge of 
oil from bilge waters in territorial water has been assumed (30% of ship-km). 

10  Chemical tankers account for about 10% of the tanker fleet. Moreover, it has been assumed that they need to 
clean cargo tanks in 40% of voyages. 
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September 2003 (entry into force of Annex IV), while existing ships' sewage discharges will 
be regulated under Annex IV only from 2008. The above estimate assumes that 10% of the 
existing fleet (rate of renewal in a three-years period) is fitted with treatment systems in 
order to have a BOD concentration < 50 ppm (as requested by IMO-MEPC2, VI), while for 
all other cargo ships a standard BOD content of 200 ppm11 may be assumed. Grey 
wastewater discharges are not internationally regulated, but it must be recalled that in EU 
territorial waters (<12 miles from the coast) community regulations for general discharges 
into waters apply (non-specific ship regulation). While this regulatory framework is 
considered sufficient to avoid health impacts from shipping sewage discharges on bathing 
water quality, it is not enough to avoid >12 miles discharges of eutrophication agents from 
shipping (nitrogen and phosphorus). Based on these assumptions, our estimate is of 46 000 
tonnes/y of organic matter (BOD) and of about 9 000 tonnes of nitrogen substances and 
phosphorous legal discharges by international shipping, 31% of which is from EU fleet. 

• Ballast water discharges. The problem of non-native species intrusion in European seas may 
be explained by various factors caused by natural and human activity and notably: the 
Mediterranean invasion of species coming from the Red Sea through the Suez Channel, 
aquaculture-induced new species diffusion and ballast water from ships. Ballast waters are 
typically collected by ships on the return trip in order to maintain the ship’s stability and are 
then released at the port of arrival. A total of 12 billion tonnes of world ballast water 
discharges from shipping has been reported by EEA (2006), which means an average of 
about 250 000 tonnes/y per ship (with big differences between ship’s types and dimensions). 
According to a simplified top-down approach based on GT data, 2.85 billion tonnes (24% of 
the world data) of ballast water discharges are due to the EU fleet12. Unfortunately, it is not 
possible to identify a meaningful indicator of the environmental burden of ballast water 
discharges13 and, given the relevant quantities at stake, water treatment methods (UV rays, 
chemical substances, etc.) appear to be highly expensive and energy-consuming (with a 
significant trade off with CO2 emissions). Ballast water exchange in high seas (where 
species are fewer and non-compatible with coastal waters) seems to be a simpler and 
cheaper method, but there are concerns on its real effectiveness. On 13 February 2004 IMO 
adopted an International Convention for the Control and Management of Ships' Ballast 
Water and Sediments (covering not only alien species but also pathogens carried by ballast 
waters), but by the year 2006 it had been ratified by six countries only. The Convention 
requires the introduction of mandatory ballast water management from 2009, but not later 
than 2016. After that date, ballast water will have to be treated on board and during the 
transition period ships are allowed to exchange ballast water in areas at least 200 nautical 
miles from the nearest land (50 nautical miles in restricted seas) and with a water depth of at 
least 200 metres; special areas for ballast water exchange may be designated jointly by 
neighbouring countries. 

                                                 
11  DSA, 2000. Only in the case of Ro-Ro and only passenger ships a 50 ppm limit has been assumed due to their 

coastline routes. 
12  A verification with some ship level ballast water tanks capacity data reported by Cohen, A.N., 1998, has been 

made, showing that they are correlated with GT. 
13  Ballast water discharges may be harmful to the destination marine environment because of the introduction of 

alien species that could destroy habitats and in some cases even cause health impacts (see Dandu Pughuic – 
IMO, 2001). Indicators related to the number of organisms classed by distinct tax, or to the number of distinct 
taxes collected in ballast tanks may be produced, but they are not representative as such of the environmental 
damage. Damages are usually related to a single alien species that is particularly harmful in the destination 
habitat. 



External Costs of Maritime Transport 

PE 379.227 10

3.4. Shipping resources and chemicals consumptions 

Even if the external costs of shipping resources consumption are not directly expressed in 
monetary units, their physical quantification is relevant for three main reasons: 1) in a 
sustainability perspective the consumption of primary resources is an environmental impact 
factor as such; 2) a basic environmental management principle suggests that the less is 
consumed on board, the fewer residues should be treated to be properly discharged overboard or 
held onboard to be delivered to port reception facilities (double saving input-output principle); 
3) chemicals consumption perspective highlights 'black holes' in end-of-the-pipe regulations.  

A broad range of data on resources consumption (fresh water, fossils such as fuels and 
lubricants) as well as more or less dangerous products and substances (paints, cleaning products 
used in the machinery spaces and deck rooms, refrigerant gases, chemical substances used in 
sewage treatment processes) have been collected at the single ship level, in order to estimate the 
2006 consumption of resources and dangerous substances for the world and the EU fleet. The 
results are described in tables 12 and 13 of the Annex. 

According to our estimate, international maritime transport consumes about: 

• 316 million tons/year of fuels and 3.6 million tons of lubricants (1.1% of fuel 
consumption)14;  

• 315 million tons/year of fresh water, used for cleaning, cooling, in showers, kitchens, toilets 
and other on-board services; 

• 600 000 tons of paints/year (13% hull antifouling paints). On average, ships categories need 
from 6 to 17 tons of paints/ship per year. It should be recalled that an International 
Convention on the Control of Harmful Anti-fouling Systems on Ships was adopted on 5 
October 2001. Even if the IMO Convention has not entered into force yet, in the EU 
Commission Directive 2002/62/EC of 9 July 2002 and Regulation 782/2003 prohibited TBT 
antifouling on EU ships from 1//2003 and TBT products that are already applied have to be 
sealed off before 1/7/2008;  

• 124 000 tons of cleansing agents/year (used not only in deck cleaning and laundries, but also 
in the engine room, in cleaning cargo spaces and as anticorrosive products) and at least 
11 000 tons of chemical substances for sewage treatment: all these substances at the end of 
the process are legally discharged overboard as bilge waste-water, tank washing waste-
water, grey water (laundries, kitchen, showers) or 'treated' black water (toilets);  

• nearly 10 000 tons of HCFC annual consumption (Freon R22), mainly used as a refrigerant 
in air conditioning systems and on-board freezers (mainly in refrigerating ships – 'reefers' 
and passenger ships). Even if they are used in closed systems, ICCT (2007) quotes high 
dispersion rates of these gases during ship’s operations and maintenance activities. HCFCs 
are ozone layer depleting substances and powerful greenhouse gases; their use is still 
permitted because they are substitute for the more dangerous CFCs. Since HCFC are already 
controlled under the Montreal Protocol for ozone-depleting substances, they have not been 
included under the UNFCCC Kyoto protocol. In the EU, the use of HCFCs is banned from 
1/1/2015 (EU Regulation n. 2037/2000). 

                                                 
14  It must be anticipated that lubricants may be burnt by engines or may finally leak in the ship bilge (and then 

discharged into the sea if < 15 ppm through the controlled process of the bilge oil separator, or collected and 
given to reception facilities): an effective use of lubricants may reduce environmental impacts at the end of the 
process. 
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3.5. Waste 

Ship's waste may be solid or liquid. Solid waste on board is regulated mainly by Marpol Annex 
V (see table 15 in the Annex), that requires a ship garbage management plan and a garbage 
record book, while liquid wastes are regulated by different Marpol regulations (annex I, V and 
IV). By taking into account the garbage book records of a sample of ships15, a solid waste 
balance of a typical 20-crew international cargo ship have been firstly reconstructed, and then 
certain material types have been parameterised for other ship types (Ro-Ro and only passenger 
ships) in proportion to the number of passengers transported. 

Concerning solid waste produced on board (Annex tables 14 and 16), it is estimated that 10.5 
millions m3 (in 2006) are produced by the world fleet and 30% (3.1 millions m3) by the EU 
fleet. 41% of solid waste belongs to Marpol Annex V, category 4 (other garbage including 
comminuted paper, glass, metals, etc. in order to save holding spaces), 29% is food waste, 14% 
are plastics. 

There are three disposal possibilities for solid waste: discharge overboard (typical of food 
waste), onboard incineration (or combustion in other plants, in some cases) and reception 
facilities. 

At a global level, only about 27% of waste production seems to be given to reception facilities, 
while the majority is discharged or incinerated (typical of plastics, woods and highly 
combustible materials)16. Garbage management changes a lot if ships operate in Annex V 
special areas (Mediterranean, North Sea, Baltic and others), and this is particularly true of EU 
fleet Ro-Ro and passenger ships: this explains the difference in our EU fleet results, showing an 
increased 51% of solid waste given to reception facilities instead of being incinerated or 
abandoned in the seas.  

As to liquid waste (Annex tables 17 and 18), the main types are oil sludge from centrifuges and 
sludge produced by sewage treatment plants. Based on our estimate, global shipping produces 
huge quantities of oil and sewage sludge, 2.8 and 0.6 million tonnes respectively in 2006. 

 
4. Quantification of external costs 

4.1. Estimates of external costs based on operational maritime fleet activities 

In tables 8 and 9 external costs have been aggregated into three main categories (marine 
pollution, air quality and climate change). As described in the previous paragraphs, no monetary 
evaluation is provided for the impact factors of grey and black wastewater discharges (marine 
pollution) and for shipping resource and chemical consumptions. Assuming no illegal activities, 
the external costs in 2006 amount to EUR 260 billion for the world fleet and EUR 57 billion 
(22%) for the EU fleet. The tables also show the specific external costs for the various ship 
categories considered (Euro cent/t-km for cargo ships and Euro cent/p-km in the case of the 
'passenger ships' category). It is interesting to note that remarkable differences in specific 
external costs exist between bulk transport (solid or liquid, about 0.3 cent euro/t-km), unitised 
transport offered by container ships (0.5 cent/t-km, that is 66% more than bulk), and the truck 
and trailer Ro-Ro transport (3.2 cent/t-km, ten times higher than bulk transport specific external 

                                                 
15  EMAS-Ship, 2006. 
16  A very dangerous source of marine pollution are plastic materials, due to their effects on wildlife and marine 

mammals (suffocation, effects on the endocrine system, etc.), although no detailed data are available. 
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cost17. The high value of 24.13 cent euro/p-km for cruise and passenger ships is due to the fact 
that 90% of this category consists of small dimension vessels and only 10% of big cruise ships, 
which means a low average number of person per trip. 

Table 8. Total and specific external costs for the EU fleet in 2006 by category, no illegal 
activities  (ships > 100 GT) 

External costs categories EU Fleet 

Marine Pollution 
(sewage and 
permitted oil spills)

Air quality 
pollutants* 

GHGs (climate 
change) 

Total 
external 

costs 

Specific 
external 

costs 

Unit measured Million euro Million euro Million euro Million 
euro 

Cent 
euro/tkm - 

cent 
euro/pkm

Tanker (oil, chem., LG, others) 78 10 018 4 251 14 347 0.29 
Bulk carrier 7 6 985 2 615 9 607 0.28 
General and specialized cargo 12 6 181 2 549 8 743 1.08 
Container & Reefer 5 12 309 4 714 17 029 0.48 
Ro-pax and Ro-Ro cargo 22 2 958 2 044 5 024 2.84 
Total cargo and cargo/pax ships* 124 38 452 16 173 54 750 0.43 
Cruise and passenger ships 2 1 378 915 2 296 24.13 
Grand Total 127 39 830 17 089 57 045 
% external cost categories 0.22 69.82 29.96 100.00 
 

*CAFE (2005) values. 

                                                 
17  The Ro-Ro category also includes passenger ferries; specific external costs for freight Ro-Ro ships are 

somewhat lower than shown, since the external costs quota due to the passenger service of Ro-pax has not been 
calculated separately. With a simplified method that excludes the passenger service quota of the ferry external 
costs it can be estimated that the Ro-Ro world fleet freight specific external costs is about 2 cent/tkm, with Ro-
Ro cargo ranging from 1.6 to 3.2 cent/tkm and Ro-pax ranging from 1.6 to 2.4 cent/tkm, depending from 
assumptions on cargo transported by each category. 
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Table 9. Total and specific external costs for the World fleet in 2006 by category, no 
illegal activities (ships > 100 GT) 

External costs categories World fleet 

Marine Pollution 
(sewage and 
permitted oil spills)

Air quality 
pollutants 

GHGs (climate 
change) 

Total 
external 

costs 

Specific 
external 

costs 

Unit measured Million euro Million euro Million euro Million 
euro 

cent 
euro/tkm - 

cent 
euro/pkm

Tanker (oil, chem., LG, others) 450 49 852 21 184 71 486 0.32 
Bulk carrier 34 35 088 13 137  48 259 0.29 
General and specialized cargo 93 40 885 16 876 57 854 1.24 
Container & Reefer 25 43 447 16 759 60 231 0.50 
Ro-pax and Ro-Ro cargo 44 8 001 4 562 12 608 3.22 
Total cargo and cargo/pax ships* 646 177 272 72 519 250 437 0.45 
Cruise and passenger ships 10 6 449 3 523 9 982 23.77 
Grand Total 656 183 721 76 042 260 420 
% external cost categories 0.25 70.55 29.20 100.00 
 

*CAFE (2005) values. 

• GHGs emissions (climate change). It is well known, that there is considerable uncertainty 
related to climate change projections based on anthropogenic emissions and to the associated 
expected environmental damages and external costs. The average damage value of 75 
euro/tonne CO2 applied in this paper is the value suggested by the recent Stern Review18. 
This figure is intermediate between the CO2 permit trading price (20 Euro) and the higher 
values estimated in the literature (EUR 140 to 170 respectively in INFRAS-IWW (2004) and 
ETSAP-Sweden (1996)). Total external costs of GHG emissions from the EU fleet and 
global maritime transport in year 2006 amount respectively to EUR 17 and 76 billion, 99% 
from CO2 emissions (Annex tables 20 and 21). 

• Local and regional pollutants (air quality). As to air quality related main pollutants 
emissions (SO2, NOx, PM2,5 and VOC), damage unitary values have been provided by the 
CAFE programme (CAFE, 2005). The total external costs of air pollutants emitted by the 
EU fleet and global maritime transport are very relevant: they amount respectively to EUR 
40 and 184 billion (Annex tables 22 and 23). Globally, the main pollutants in terms of 
external costs are respectively SO2 (45%), NOx (37%), and PM2,5 (17%), and with a 
marginal contribution from VOCs (the external costs of combustion and evaporative VOCs 
amount to less than 1%). Table 10 shows the external costs calculated for the European Seas 
(EMEP domain) using sea specific marginal damage values per tonne pollutant provided by 
the CAFE programme19 which amount to EUR 45 billion. The NE Atlantic (North Sea 
included) is the major source of shipping air pollution external costs (48%), followed by the 
Mediterranean Sea (24%). 

 

                                                 
18  ‘The Economics of Climate Change’, www.sternreview.org.uk, 2006. 
19  Emissions estimates in table 7, based on IIASA-Entec-Met.NO (2006), and CAFE (2005) emission damages 

cover the same geographical domain (EMEP). 
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Table 10. External costs of air pollution from maritime transport in European seas in 2006 
(euro06) 

 SO2 NOX PM2,5 VOC 
(combustion) 

Totals per 
Sea 

% 

North Sea 9 230 8 504 3 795 131 21 660 47.7
Black Sea 533 391 198 6 1 127 2.5
Mediterranean Sea 6 557 2 247 1 950 63 10 817 23.8
Baltic Sea 2 115 1 915 733 18 4 780 10.5
NE Atlantic Sea 2 919 3 375 732 30 7 056 15.5
Totals per pollutant 21 355 16 431 7 407 247 45 441 100.0
% 47.0 36.2 16.3 0.5 100.0
 
Source: CAFE (2005) Marginal damage per tonne emission for 2010; main assumptions: VOLY - mean value, core 

and sensitivity functions included, impacts on crop included, no threshold for ozone effects (SOMO 0). Since 
CAFE 2005 does not provide damage values for Black sea, Black Sea values have been set as the average 

European values calculated with other seas damages. 

• Wastewater marine pollution and permitted oil discharges. The global health impacts of 
marine contamination by discharges of shipping sewage wastewater and damage from 
permitted oil discharges seem to be not very relevant: they are a lot less than the EUR 1 
billion order of magnitude (see Annex tables 26 and 27). 

4.2. Additional external costs due to illegal activities 

As stated in chapter 2, the environmental impact factors are ship-technology related and are only 
marginally influenced by cost reduction strategies put into practice by ship-owners or 
company/ship managers. Staying within the permitted behaviours, cost saving strategies may 
increase NOx emissions (optimised combustion requires more work load for a higher quality 
combustion control), reduce the efficiency of sewage treatment processes or spread the use of 
some cheaper toxic chemicals on board. Illegal activities usually occur in order to save waste 
quantity-related disposal costs, and this happens when solid or liquid waste is discharged in 
forbidden areas, when onboard incinerators are not managed in accordance with (forbidden 
materials, combustion temperature lower than prescribed), and particularly when bilge oil 
separators 'bypass' are applied to directly discharge overboard or when just part of the big 
quantities of the oily sludge produced by fuel purification (1-2% of the heavy fuel consumed) 
are discharged at sea. Given the difficulty in quantifying illegal activities and the additional 
difficulty of evaluating their economic damage, we concentrated only on evaluating the external 
costs of illegal oil spills. 

The SERAC Unit of JRC has recently produced an extensive monitoring of illegal spills in EU 
Seas, using aerial surveillance (in the North and Baltic seas) and SAR images (in the 
Mediterranean and Black Sea)20. 

By elaborating these data (2 875 spills per year detected), oil illegal discharges in European 
monitored seas may be estimated at 23 661 tonnes (yearly average for the 1998-2004 period). 
Since there are no official data on ship mileage in the European monitored seas as compared to 
global ones, it is possible to project this estimate to all EU seas and to global illegal oil spills21, 
                                                 
20  The only European area not monitored yet is the Atlantic coast of Portugal, Spain and France. 
21  CO2 emissions in the EU monitored oil spills sea areas (EMEP domain) have been used as a proxi of mileage 

proportion: 79,9% (on EU seas) and 14,2% (on world). 
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obtaining 29 619 tonnes for EU seas and 167 078 tonnes worldwide. This means about EUR 39 
billion of external costs due to illegal oil spills worldwide. 

A complete picture of oil spills (permitted, small accidental, big accidental and illegal) in 2006, 
and their external costs, based on our modelling (world and EU fleet) gives a total bill for all 
spills of about  EUR 44 billion (EUR 8 billion for the EU fleet).  

External costs from illegal oil spills have been added to the 'legally based' external costs 
(excluding only big tanker accidents, as requested), obtaining a complete picture of shipping 
external costs. The complete external costs 'bill' to world citizens and environmental resources 
due to maritime transport is about EUR 300 billion per year (2006), 21% of which from the EU 
fleet (64 billion). If efficient enforcement measures succeeded in reducing to zero illegal oil 
spills, a 13% reduction of external costs could be obtained. 

Figure 4 presents the total external costs 2006 for the deep-sea EU fleet by ship type and cost 
category. A recent study on the external costs of transport22, based on EU 15 plus Switzerland 
and Norway, estimated for the year 2000 a total external costs bill of EUR 321 billion for 
passenger road transport, 223 billion for road freight, 12 billion for rail transport and 91 billion 
for aviation. Although for many reasons (different methodologies, reference years, emission 
functions, etc.) these values are not properly comparable with the estimate of the present study, 
it could be useful for readers to focus the order of magnitude of the topics treated in this paper. 

Figure 4. Total external costs 2006 of EU ocean-going fleet by ship and cost category 
(including illegal oil spills) 
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Note: values at 2006 prices; CO2 cost factor 75 €/tonne for climate change. 

                                                 
22  INFRAS-IWW, ‘External costs of transport – Update Study’, Zurich/Karlsruhe, 2004, p. 107 - 2000 values at 

2000 prices; CO2 cost factors 20 €/tonne (scenario low) and 140 (scenario high) for climate change. 
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5. Recommendations 
 
Given the global features of the shipping industry, and the international legal framework 
regulating sea-based activities (ship traffic included), the most effective level for a maritime 
transport environmental policy is the international one (IMO). Nevertheless the European Union 
can significantly contribute to reducing environmental impacts of maritime transport by: 

a) coordinating EU Member States in order to have a common position at IMO;  

b) proposing a review of IMO rules so that the EU can act as a recognized Representative Party 
with all powers to substitute for the Member States' powers in the IMO decision-making 
bodies, as in the case of UNFCCC, where the EU as a whole assumed the compulsory 
reduction target of the Kyoto protocol;  

c) proposing early autonomous EU policies and measures that stimulate IMO environmental 
measures or implementation of the already adopted Convention by IMO Parties;  

d) promoting feasible environmental targets, technical standards (for example a standard for 
sea water sulphur scrubbing technology) and management standards (for example EMAS 
standard for shipping). 

Among the policies to be endorsed, the EU might consider whether it is appropriate to promote 
a global shift from the use of Heavy Fuel Oils to the use of Distillates, by going along the path 
by EU Directive 33/2005/EC, amending EU Directive 1999/32/EC, on the sulphur content of 
marine fuels, which distinguishes between Marine Gas Oil and Marine Diesel Oil, as recently 
put forward by Intertanko. In this way it would be possible to gradually spread the use of Marine 
Diesel Oil, while its sulphur content may be progressively reduced as a global cap. Alongside 
the diffusion of MDO, the concept of SECA areas will be limited to ports (ships at berth), where 
ships may use Marine Gas Oil with a sulphur content progressively closer to the road transport 
limits.  

In order to reduce illegal oil spills, that generate 13% of the external costs of maritime transport, 
the EU could support the enforcement of EU Directive 35/2005/EC on sanctions for ship source 
pollution and on the introduction of penalties for infringements, by promoting technological 
innovation so that to integrate SAR satellite monitoring with AIS (Automatic Identification 
System). 

All recommendations are summarised in the following table 11. 
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Table 11. Recommendations to reduce shipping environmental impacts and related external costs 

Measures Best level to 
act 

How can EU contribute Realistic goals for the next 15 years 

All environmental impact factors 
Compulsory Environmental Management System (EMS) integrated 
with the ISM (International Safety Management system) already in force. 
International EMS should be based on ISO14001  

IMO  Proposal at IMO to integrate 
ISM with ISO14001  

From 2010 integrated ISM- EMS compulsory 
on all ships 

Yearly Environmental Reporting either at the company level and at the 
single ship level (EMAS -the EU Environmental Management and Audit 
Scheme recognises ISO 14001 and additionally requires Environmental 
Reporting) 

EU (short term) 
IMO (long 
term)  

 By promoting a shipping 
standard for EMAS 
(yearly environmental 
reporting at ship level)  

 EU proposal at IMO to 
integrate ISM with 
EMAS 

 From 2008 a EU recognised standard for 
EMAS applied to EU fleet 

 From 2015 EMAS compulsory on all EU 
flag ships 

 From 2020 EMAS compulsory on world 
fleet (IMO) 

Emissions 
Lower the fuel sulphur content global cap in order to phase out marine 
heavy fuels (residual oils) and make the use of distillate fuels compulsory 
for all ships 

IMO New marine fuel directive 
preceding IMO 

1.5% S max at 2010 
1.0% S max at 2015 
0.5% S max at 2020 

Limit the SECA bi-fuel concept to ports (ships at berth), all EU ports 
become SECA and lower the SECA fuel sulphur cap as in EU road fuel 
legislation 

EU (short term) 
IMO (long 
term) 

New marine fuel directive 
preceding IMO 

1000 ppmS max at 2010 (Dir. 33/05) 
100 ppm at 2015 
10 ppm at 2020 

NOx Reduction by 95% (SCR compulsory) and PM standards on new 
ships  

IMO Stimulating IMO for a high 
standard Marpol Annex VI 
review 

 95% NOx/new ship from 2010 
 50% PM/new ship from 2010 
  90% PM/new ship from 2020 

Voluntary (taxation driven) NOx and PM reduction on existing ships EU Emission indexed UE port 
taxation stimulating NOx and 
PM abatement standards 

 10% NOx and PM emission at 2010 
 25% NOx and PM emission at 2015 
 50% NOx and PM emission at 2020 

International port requirements and standards for shore-power equipment 
+ new ships built with shore-power plug equipment 

IMO Port Tax discount for ships 
using shore power + 
Availability of shore-power 
equipment  

 Shore power in major ports from 2010 
 Tax discounts in the emission indexed port 

taxation 

CO2 engine level standard (CO2/kW) and CO2 ship level index for all 
ships + market oriented instruments to reduce CO2 of maritime transport 

IMO Shipping CO2 engine 
standard and ship index + 
shipping CO2 emission 
market proposal 

 CO2 engine standard from 2010 
 CO2 yearly accountability (CO2 ship 

index) from 2015 – shipping emission 
market for the post Kyoto compliance 
period 
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Measures Best level to 
act 

How can EU contribute Realistic goals for the next 15 years 

Waste 
Waste shipboard incineration: accountability of waste quantities 
incinerated on board; prohibition of onboard combustion of sewage and oil 
sludge, and requirement of their disposal at reception facility; review of 
standard specification for shipboard incinerators, in order to prevent 
harmful release of harmful substances (from plastics and other materials) 

EU (short 
term) IMO 
(long term) 

Dedicated EU legislation 
proposal stimulating IMO to 
make a coordinated review of 
Annex VI and V regulations 
on incinerators 

 Proper waste disposal for some 
contaminated or dangerous materials 

 Incinerators emission reduction 

Prohibiting the discharge to sea of certain materials presently allowed + 
Requirement for an onboard waste differentiation (at least for packaging 
materials, glass, metals and paper) and transferring to reception/recycling 
facilities at land 

EU (short 
term) IMO 
(long term) 

Dedicated EU legislation for 
EU fleet stimulating IMO 
review of Marpol Annex V 

 Reduction of ship solid waste discharged 
overboard 

 Increase in material recycling rates 

Marine pollution    
Dedicated EU legislation for wastewater discharges from ships (grey and 
black wastewater), with ship wastewater discharge limits valid for the 
territorial water. Ships not equipped should retain wastewater on board 
until port of arrival. 

EU New directive Reduction of microbiological and nutrients 
marine pollution reduction from all ships 

Review of Marpol Annex IV with the compulsory requirement for all 
ships (new+ existing) to have and manage a treatment system (not only a 
holding tank, as presently required for new ships from 2003 and for 
existing ships from 2008), in order to: a) prevent untreated discharges in 
territorial waters (ships built pre 2003), b) prevent untreated discharges 
just outside territorial waters (new ships equipped only with holding tank), 
c) reduce nitrogen and phosphorus compounds discharges (nutrients 
responsible for eutrophication) wherever the ship may be. Not only sewage 
but also grey water should be controlled by Annex IV.  

IMO EU proposal at IMO Reduction of marine pollution from all ships 
also outside territorial waters 

Publishing of oil spills area maps + Oil spills satellite monitoring 
integrated with AIS (Automatic Identification System), in order to 
associate detected spills with ship names, on the basis of their position 

EU Enforcement of existing 
legislation 

 50% reduction of illegal oil spills at 2010 
 100% reduction of illegal oil spills at 2020 

Review of Marpol Annex II – Control of noxious liquid substances 
(chemicals) carried in bulk in order to have Special areas (stricter 
provisions) in the European Seas and to tighten Special Areas standards . 

IMO  Reduction of chemicals discharged to the sea 
outside 12 miles from EU coasts 

Dedicated EU legislation regulating ballast water discharges within 
EU waters coherently with the International Convention for the Control 
and Management of Ships’ Ballast Water and Sediments adopted in 2004: 
1) promoting reception facilities for ballast water treatment in harbours, 2) 
promoting the designation of Special areas for ballast water exchange by 
neighbouring states. 

EU 
IMO 
members 

New directive 
Ratification of the 2004 
Convention by IMO members

Prevention of the diffusion of harmful non 
native marine species 
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ANNEX 

Table 1a. EU fleet by category, Nr, GT and dwt, 2006 (ships > 100 GT) 

Fleet (As at 1st April 2006) Assumptions and 
estimations 

Traffic 2006 est Assumptions and estimations 

a b c d = b/a e f g h = f/g i l m = 
l/(h/i/24) 

n = 
(a*h*m)/10

00000 

 

Nr GT000 dwt000 GT000/Nr Persons/shi
p-trip 
(crew 

included) -
nr 

Billion tkm 
(cargo) or 

billion pkm 
(cruise) 

Billion 
tonnes 

(cargo) or 
million pax 

(cruise) 

Km 
(average 
distance) 

Km/h 
(average 
speed) 

Cruise 
phase 

(days/y) 

Average 
ship-trips 

(n/y) 

Million 
ship-km 

Tanker (oil, chem., LG, others) 2 067 53 988 90 538 26.1 20 5 002  0.543 9 206 26 300 20.3 386
Bulk carrier 1 279 40 210 72 610 31.4 20 3 481 0.364 9 563 26 300 19.9 244
General and specialized cargo  2 343 14 869 15 016 6.3 20 809 0.181 4 469 24 300 38.8 406
Container & Reefer  1 043 31 310 36 232 30.0 20 3 524 0.377 9 357 36 300 27.5 268
Ro-pax and Ro-Ro cargo 1 445 13 566 4 729 9.4 511 177 0.380 466 28 250 333.0 224
Total cargo and cargo/pax ships 8 177 153 943 219 125 18.8 - 12 620 1.651 7 643 - - - 1 528
Cruise and passenger ships 860 2 964 406 3.4 133 9.5 3.319 2 867 39 200 43.5 107
Grand Total 9 037 156 907 219 531 17.4 - - - - - - - 1 636
 

Sources: Fleet: ECSA Annual Report 2005-2006  
Traffic: Fearnleys 2006 (expected 2006), US Dep. For Transportation (cruise traffic) and estimates for av. distances and ship-km. 

Note: Mileage data (ship-km) have been calculated on the basis of the fleet dimension (number of ships), the average voyage distance (km) and the statistically derived 
number of voyages per year. Persons per ship-trip have been calculated on the basis of available data (205 million pax transported in the EU by ferry (Eurostat, 2006); 

14,6 million passengers on global cruise ships with an average of 4.6 days cruise per passenger), assuming that on average the crew counts 20% of the yearly 
passengers transported in the case of ferries and 50% in the case of cruise (ICCL). Looking at 'cruise and passenger ships' category data, it should be recalled that 

about 90% if this consists of ships of small dimensions and only 10% are big cruise ships: this explains the low average number of person per trip of this table. All main 
environmental impact factors have been parameterised according to these average data, in order to obtain statistical consistency for the modelling. 
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Table 1b World fleet by category, Nr, GT and dwt, 2006 (ships > 100 GT) 

Fleet (As at 1st April 2006) Assumptions and 
estimations 

Traffic 2006 est Assumptions and estimations 

a b c d = b/a e f g h = f/g i l m = 
l/(h/i/24) 

n = 
(a*h*m)/10

00000 

 

Nr GT000 dwt000 GT000/Nr Persons/shi
p-trip (crew 
included) - 

Nr 

Billion 
tkm 

(cargo) or 
Billion 
pkm 

(cruise) 

Billion 
tonnes 

(cargo) or 
Million pax 

(cruise) 

Km 
(av.dist.) 

km/h 
(average 
speed) 

Cruise 
phase 

(days/y)

Average 
ship-trips 

(n/y) 

Million 
ship-km 

Tanker (oil, chem.,LG, others) 11 917 238 820 401 591 20.0 20 22 187 2.410 9 206 26 300 20.3 2 225 
Bulk carrier 6 551 196 774 352 617 30.0 20 16 907 1.768 9 563 26 300 19.9 1 249 
General and specialized cargo 18 053 80 792 86 879 4.5 20 4 680 1.047 4 469 24 300 38.8 3 129 
Container & Reefer 4 872 106 430 122 961 21.8 20 11 958 1.278 9 357 36 300 27.5 1 254 
Ro-pax and Ro-Ro cargo 3 603 24 848 10 452 6.9 511 391 0.840 466 28 250 333.0 559 
Total cargo and cargo/pax ships 44 996 647 664 974 500 14.4 - 56 123 7.343 7 643 - - - 8 416 
Cruise and passenger ships 3 100 13 085 1 646 4.2 163 42.0 14.650 2 867 39 200 43.5 386 
Grand Total 48 096 660 749 976 146 13.7 - - - - - - - 8 802 
 

Sources: Fleet: ECSA Annual Report 2005-2006  
Traffic: Fearnleys 2006 (expected 2006), US Dep. For Transportation (cruise traffic) and estimates for av. distances and ship-km. 

Note: Mileage data (ship-km) have been calculated on the basis of the fleet dimension (number of ships), the average voyage distance (km) and the statistically derived 
number of voyages per year. Persons per ship-trip have been calculated on the basis of available data (205 million pax transported in the EU by ferry (Eurostat, 2006); 

14,6 million passengers on global cruise ships with an average of 4.6 days cruise per passenger), assuming that on average the crew counts 20% of the yearly 
passengers transported in the case of ferries and 50% in the case of cruise (ICCL). Looking at 'cruise and passenger ships' category data, it should be recalled that 

about 90% if this consists of ships of small dimensions and only 10% are big cruise ships: this explains the low average number of person per trip of this table. All main 
environmental impact factors have been parameterised according to these average data, in order to obtain statistical consistency for the modelling. 
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Table 2. Recent studies estimating CO2 emissions due to global shipping 

Author Approach Year CO2 
emissions 
(Mtonnes) 

2006 1.003Present Report Bottom-up 
(2001) (888)

Eyring and others (2005) Bottom-up 2001 813
Corbett & Koehler (2003) Bottom-up 2001 912
CE Delft (2006) Bottom-up, using Entec methodology at global level 2000 758
EDGAR Fuel sales 2000 428
IMO-Marintek and others (2000) Fuel sales 1996 419
RIVM (1999) Fuel sales 1990 420

 

Table 3. GHG emissions (CO2, HCFC) of the EU fleet by category (ships > 100 GT) 

EU Fleet GHG emissions 

Impact Type CO2 (climate change) HCFC (refrigerants) CO2 eq (Total) 
Sources Entec2005 ICCT 2006 IPCC,2001 (R22 GWP100 = 1700)

Unit of Measure M tonnes/y tonnes/y M tonnes/y 

Tanker (oil, chem., LG, others) 56.5 100.8 56.7 
Bulk carrier 34.8 62.4 34.9 
General and specialized cargo 33.8 114.2 34.0 
Container & Reefer 62.5 233.6 62.9 
Ro-pax and Ro-Ro cargo 25.7 900.3 27.3 
Total cargo and cargo/pax ships 213.2 1 411.2 215.6 
Cruise and passenger ships 12.0 139.5 12.2 
Grand Total 225.2 1 550.8 227.9 
 

Source: Entec (2005), MEET-Techne (1998), EEA (2006), IPCC (2001), ICCT (2007). 
Note: With reference to HCFH, IPCC TAR (2001) reports a Global Warming Potential (GWP) for the shipping 

widely used Freon R-22 (a gas of the HCFC class) of 1 700 times CO2. ICCT (2007, p. 34) quotes a specific 
study by Drewry that estimated at 65% the gas losses from operation (50%) and maintenance (15%). 

Assuming that 50% of ships still use Freon R-22 as refrigerant gas, the result in our model is that about 6 
400 tons of HCFC are released into the atmosphere from global shipping, equivalent to about 11 million tons 

of CO2. These losses estimates are somehow confirmed by our high estimates of HCFC yearly 
consumptions (refilling, substitution, etc.). 
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Table 4. GHG emissions (CO2, HCFC) o of the World fleet by category (ships > 100 GT) 

World Fleet GHG emissions 

Impact Type CO2 (climate change) HCFC (refrigerants) CO2 eq (Total) 
Sources Entec2005 Emas-ship IPCC,2001 (R22 GWP100 = 1700) 

Unit of Measure M tonnes/y tonnes/y M tonnes/y 

Tanker (oil, chem., LG, others) 281.5 581.0 282.5 
Bulk carrier 174.6 319.4 175.2 
General and specialized cargo 223.5 880.1 225.0 
Container & Reefer 220.5 1 761.5 223.5 
Ro-pax and Ro-Ro cargo 57.0 2 244.9 60.8 
Total cargo and cargo/pax ships 957.1 5 786.9 966.9 
Cruise and passenger ships 45.9 616.0 47.0 
Grand Total 1 003.0 6 402.8 1 013.9 
 

Source: Entec (2005), Meet-Techne (1998), EEA (2006), IPCC (2001), ICCT (2007). 
Note: With reference to HCFH, IPCC TAR (2001) reports a Global Warming Potential (GWP) for the shipping 

widely used Freon R-22 (a gas of the HCFC class) of 1 700 times CO2. ICCT (2007, p. 34) quotes a specific 
study by Drewry that estimated at 65% the gas losses from operation (50%) and maintenance (15%). 

Assuming that 50% of ships still use Freon R-22 as refrigerant gas, the result in our model is that about 6 
400 tons of HCFC are released into the atmosphere from global shipping, equivalent to about 11 million tons 

of CO2. These losses estimates are somehow confirmed by our high estimates of HCFC yearly 
consumptions (refilling, substitution, etc.). 

Table 5. Air quality emissions (SO2, NOX, PM2,5, HC, evaporative VOC) of the EU fleet by 
category (ships > 100 GT) 

EU Fleet Air quality emissions 

Impact Type SO2 NOX PM2,5 HC 
Evaporative 
VOC from 
bunkering 

Evaporative VOC 
from loading and 

unloading of 
cargo 

Sources Entec2006 Entec2006 Entec2006 Entec2006 DSA (T) DSA (T) 

Unit of Measure tonnes/y tonnes/y tonnes/y tonnes/y tonnes/y tonnes/y 

Tanker (oil, chem., LG, others) 950 892 1 199 514 106 007 42 972 2 572 82 977 
Bulk carrier 583 342 970 791 79 563 32 912 1 581 -
General and specialized cargo 563 404 836 223 59 600 28 265 1 538 -
Container & Reefer 1 054 377 1 684 351 136 623 56 387 2 847 -
Ro-pax and Ro-Ro cargo 227 156 495 038 25 035 15 976 1 174 -
Total cargo and cargo/pax ships 3 379 171 5 185 916 406 828 176 512 9 712 82 977 
Cruise and passenger ships 105 311 224 950 12 774 8 033 544 -
Grand Total 3 484 483 5 410 866 419 602 184 545 10 257 82 977 

 
Source: IIASA-Entec-MET.NO (2006), MEET-Techne (1998), EEA (2006), IPCC (2001), ICCT (2007), DSA (2000, T 

= Tanker environment report; R = Ro-Ro environment report) 
Note: As to sulphur content in marine fuel, Entec emission factors reflects the IMO reported world average of 2,7% 

of current marine fuel. Given that our base year is 2006, both the effects of Marpol Annex VI in the Baltic Sea 
'Sulphur Emission Control Area' or SECA (19 may 2006) and of the Directive 33/2005 rule on 1.5% sulphur on 
passenger ships in regular services between EU ports (from 11 august 2006) have been considered. As to 

the passenger ships limit, about 60 000 tonnes SO2 reduction from passenger vessels in regular traffic 
between EU ports were estimated using Entec data (2% of the EMEP domain). 
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Table 6. Air quality emissions (SO2, NOX, PM2,5, HC, evaporative VOC) of the World fleet by 
category (ships > 100 GT) 

World Fleet Air quality emissions 

Impact Type SO2 NOX PM2,5 HC 
Evaporative 
VOC from 
bunkering 

Evaporative 
VOC from 
loading and 
unloading of 

cargo 
Sources Entec2006 Entec2006 Entec2006 Entec2006 DSA (T) DSA (T) 

Unit of Measure tonnes/y tonnes/y tonnes/y tonnes/y tonnes/y tonnes/y 

Tanker (oil, chem., LG, others) 4 736 837 5 975 336 528 069 214 066 12 814 368 055 
Bulk carrier 2 930 215 4 876 426 399 659 165 321 7 942 -
General and specialized cargo 3 726 418 5 530 877 394 202 186 947 10 170 -
Container & Reefer 3 721 508 5 945 049 482 220 199 024 10 050 -
Ro-pax and Ro-Ro cargo 790 036 1 097 048 55 480 35 404 2 602 -
Total cargo and cargo/pax ships 15 905 013 23 424 737 1 859 630 800 761 43 578 368 055 
Cruise and passenger ships 634 241 863 269 49 021 30 826 2 089 -
Grand Total 16 539 253 24 288 005 1 908 651 831 586 45 667 368 055 
 
Source: IIASA-Entec-MET.NO (2006), MEET-Techne (1998), EEA (2006), IPCC (2001), ICCT (2007), DSA (2000, T 

= Tanker environment report; R = Ro-Ro environment report) 

 
 
Table 7. Air quality emissions by all ships (cargo and passenger vessels, no flag distinction, 

international plus national traffic) in all EMEP sea areas, year 2005 

SO2 NOX PM2,5 HC CO2 

Entec-IIASA 2006 Entec-IIASA 2006 Entec-IIASA 2006 Entec-IIASA 2006 - 
TREMOVE 

Entec-IIASA 2006 - 
TREMOVE 

Sea Areas 

000 tonnes 000 tonnes 000 tonnes 000 tonnes 000 tonnes 
North Sea 583.4 792.1 62.2 29.0 34 913.9 
Black Sea 73.9 97.5 8.6 3.4 4 351.1 
Mediterranean Sea 1 450.7 2 008.6 156.9 70.2 87 599.3 
Baltic Sea 253.0 345.8 27.0 13.0 15 179.7 
NE Atlantic Sea 600.8 853.3 68.9 29.2 35 764.9 
Total 2 961.9 4 097.4 323.6 144.9 177 809.0 
 

Source: IIASA-Entec-MET.NO, Analysis of Policy Measures to Reduce Ship Emissions in the Context of the 
Revision of the National Emissions Ceilings Directive, Interim Report & Appendices, Laxenburg, October 

2006. 
Note: Original data referred to 2000 (Appendix B). They have been updated to 2005 by using IIASA emissions 

growth assumptions (per pollutant; by sea region, ship type, flag, movement type, inside plus outside 12 
miles zone) for the baseline scenario (Appendix C). Activity annual growth rates from the TREMOVE 

transport model applied for HC and CO2. All ships included (500 GT plus smaller vessels). 
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Table 8. Marine pollution factors for the EU fleet by category (ships > 100 GT) 

EU Fleet Marine Pollution (monetised factors) 

Impact Type 
Discharge of bilge water <15 
ppm 

Permitted discharge of bilge 
oil 

Accidental oil spills due to 
operational activities 

Discharge of oily wastewater 
through ODMS from tank 
cleaning 

Permitted discharge of oil 
through ODM system from 
tank cleaning  

Sources DSA (T) (Ro) DSA (Ro) ITOPF DSA (T) DSA (T) 

Unit of Measure M tonnes/y tonnes/y tonnes/y 000 tonnes/y tonnes/y 

Tanker (oil, chem., LG, others) 2.7 41.0 24.6 1 284 265 
Bulk carrier 1.7 25.4 1.8 - -
General and specialized cargo 3.1 46.5 3.4 - -
Container & Reefer 1.4 20.7 1.5 - -
Ro-pax and Ro-Ro cargo 2.1 22.6 2.1 - -
Total cargo and cargo/pax ships 11 156 33 1 284 265 
Cruise and passenger ships 0.3 3.5 1.2 - -
Grand Total 11 160 35 1 284 265 
 

Source: DSA (2000, T = Tanker environment report; Ro = Ro-Ro environment report), EMAS-ship (2006), MEET-Techne (1998), EEA (2006). 
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Table 9. Marine pollution factors of the World fleet by category (ships > 100 GT) 

World Fleet Marine Pollution (monetised factors) 

Impact Type 
Discharge of bilge water <15 
ppm 

Permitted discharge of bilge 
oil 

Accidental oil spills due to 
operational activities 

Discharge of oily wastewater 
through ODMS from tank 
cleaning 

Permitted discharge of oil 
through ODM system from 
tank cleaning  

Sources DSA (T) (Ro) DSA (Ro) ITOPF DSA (T) DSA (T) 

Unit of Measure M tonnes/y tonnes/y tonnes/y 000 tonnes/y tonnes/y 

Tanker (oil, chem., LG, others) 15.8 236.4 142.0 7 404 1 528 
Bulk carrier 8.7 130.0 9.4 - -
General and specialized cargo 23.9 358.1 25.9 - -
Container & Reefer 6.4 96.6 7.0 - -
Ro-pax and Ro-Ro cargo 5.4 56.3 5.2 - -
Total cargo and cargo/pax ships 60 877 189 7 404 1 528 
Cruise and passenger ships 1.5 15.4 4.4 - -
Grand Total 62 893 194 7 404 1 528 
 

Source: DSA (2000, T = Tanker environment report; Ro = Ro-Ro environment report), EMAS-ship (2006), MEET-Techne (1998), EEA (2006). 
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Table 10. Marine pollution factors for the EU fleet by category (ships > 100 GT) 

EU Fleet Marine Pollution (non monetised factors) 

Impact Type 
Black Wastewater 
(sewage) 

Grey Wastewater BOD from black 
water 

BOD from grey 
water 

Chemicals 
discharges- nitrogen 
substances released 
in water 

Chemicals 
discharges - 
phosphorous released 
in water 

Ballast water 

Sources DSA (T) (Ro) DSA (T) (Ro) DSA (T) (Ro) DSA (T) (Ro) DSA (Ro) DSA (Ro) EEA (2006) 

Unit of Measure M tonnes/y M tonnes/y tonnes/y tonnes/y tonnes/y tonnes/y M tonnes/y 

Tanker (oil, chem., LG, others) 0.39 6.59 73 1 318 83 41 980 
Bulk carrier 0.24 4.08 45 816 51 26 730 
General and specialized cargo 0.45 7.47 83 1 494 94 47 270 
Container & Reefer 0.20 3.33 37 665 42 21 569 
Ro-pax and Ro-Ro cargo 5.12 30.68 256 6 135 1 477 739 246 
Total cargo and cargo/pax ships 6 52 494 10 428 1 747 873 2 796 
Cruise and passenger ships 0.79 4.75 40 951 229 114 54 
Grand Total 7 57 533 11 379 1 976 988 2 850 
 

Source: DSA (2000, T = Tanker environment report; Ro = Ro-Ro environment report), EMAS-ship (2006), MEET-Techne (1998), EEA (2006). 
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Table 11. Marine pollution factors of the World fleet by category (ships > 100 GT) 

World Fleet Marine Pollution (non monetised factors) 

Impact Type 
Black Wastewater 
(sewage) 

Grey Wastewater BOD from black 
water 

BOD from grey 
water 

Chemicals 
discharges- nitrogen 
substances released 
in water 

Chemicals 
discharges - 
phosphorous released 
in water 

Ballast water 

Sources DSA (T) (Ro) DSA (T) (Ro) DSA (T) (Ro) DSA (T) (Ro) DSA (Ro) DSA (Ro) EEA (2006) 

Unit of Measure M tonnes/y M tonnes/y tonnes/y tonnes/y tonnes/y tonnes/y M tonnes/y 

Tanker (oil, chem., LG, others) 2.28 38.00 421 7 600 477 238 4 337 
Bulk carrier 1.25 20.89 232 4 178 262 131 3 574 
General and specialized cargo 3.45 57.56 638 11 513 722 361 1 467 
Container & Reefer 0.93 15.53 172 3 107 195 97 1 933 
Ro-pax and Ro Ro cargo 12.76 76.49 638 15 298 3 684 1 842 451 
Total cargo and cargo/pax ships 21 208 2 101 41 695 5 340 2 670 11 762 
Cruise and passenger ships 3.50 20.99 175 4 198 1 011 505 238 
Grand Total 24 229 2 276 45 892 6 351 3 175 12 000 
 

Source DSA (2000, T = Tanker environment report; Ro = Ro-Ro environment report), MEET-Techne (1998), EEA (2006). 



External Costs of Maritime Transport 
 

PE 379.227 30

Table 12. Resources consumption and dangerous products of the EU fleet by category (ships > 100 GT) 

EU Fleet Use of resources and of dangerous substances 

Impact Type 

Fresh water  Fuels - FO and 
DO 

Lubricants Cleansing and 
cleaning 
agents 

Chemical 
products -
Ferrichloride 
(sewage 
treatment) 

Chemical 
products - 
Sodium 
Hypochlorite 
(sewage 
treatment) 

Non 
antifouling 
Paints 

Hull 
antifouling 
paints  

HCFC 
(refrigerants) 

Sources DSA (T) (Ro) Meet -Techne DSA (T) (Ro), 
Emas ship 

DSA (Ro), Emas 
ship 

DSA (Ro) DSA (Ro), Emas 
ship 

DSA (Ro) DSA (T) (Ro) Emas-ship 

Unit of Measure M tonnes/y M tonnes/y 000 tonnes/y tonnes/y tonnes/y tonnes/y 000 tonnes/y 000 tonnes/y tonnes/y 

Tanker (oil, chem., LG, others) 9.7 17.8 207 3 411 - 41 28.4 4.4 155 
Bulk carrier 6.0 10.9 128 2 110 - 26 19.3 3.0 96 
General and specialized cargo 11.0 10.6 124 3 866 - 47 15.9 2.4 176 
Container & Reefer 4.9 19.7 229 1 721 - 21 15.4 2.4 359 
Ro-pax and Ro-Ro cargo 37.9 8.1 94 17 730 1 256 1 921 11.9 2.3 1 385 
Total cargo and cargo/pax ships 70 67 782 28 838 1 256 2 055 91 14 2 171 
Cruise and passenger ships 6 4 43 2 748 195 298 4 1 215 
Grand Total 75 71 825 31 585 1 450 2 353 95 15 2 386 
 

Source: DSA (2000, T = Tanker environment report; Ro = Ro-Ro environment report), EMAS-ship (2006), MEET-Techne (1998). 
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Table 13. Resources consumption and dangerous products of the World fleet by category (ships > 100 GT) 

World Fleet Use of resources and of dangerous substances 

Impact Type 

Fresh water Fuels - FO and 
DO 

Lubricants Cleansing and 
cleaning 
agents 

Chemical 
products -
Ferrichloride 
(sewage 
treatment) 

Chemical 
products - 
Sodium 
Hypochlorite 
(sewage 
treatment) 

Non 
antifouling 
Paints 

Hull 
antifouling 
paints  

HCFC 
(refrigerants) 

Sources DSA (T) (Ro) Meet -Techne DSA (T) (Ro), 
Emas ship 

DSA (Ro), 
Emas ship 

DSA (Ro) DSA (Ro), 
Emas ship 

DSA (Ro) DSA (T) (Ro) Emas-ship 

Unit of Measure M tonnes/y M tonnes/y 000 tonnes/y tonnes/y tonnes/y tonnes/y 000 tonnes/y 000 tonnes/y tonnes/y 
Tanker (oil, chem.,LG, others) 56.0 88.5 1 013 19 663 - 238 167.5 25.2 894 
Bulk carrier 30.8 54.9 655 10 809 - 131 112.7 17.0 491 
General and specialized cargo 84.9 70.3 812 29 787 - 361 119.9 18.1 1 354 
Container & Reefer 22.9 69.4 804 8 039 - 97 71.5 10.8 2 710 
Ro-pax and Ro-Ro cargo 94.6 18.0 198 44 208 3 131 4 789 29.7 5.8 3 454 
Total cargo and cargo/pax ships 289 301 3 482 112 506 3 131 5 617 501 77 8 903 
Cruise and passenger ships 26 14 171 12 130 859 1 314 20 4 948 
Grand Total 315 316 3 653 124 636 3 991 6 931 521 81 9 851 
 

Source: DSA (2000, T = Tanker environment report; Ro = Ro-Ro environment report), EMAS-ship (2006), MEET-Techne (1998). 
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Table 14. Solid waste of the EU fleet by category (ships > 100 GT) 

EU Fleet Solid Waste produced on board (Marpol Annex V categories, in m3) Solid waste disposal 

Impact Type 

Total Ship 
generated 
solid waste 
(before 
disposal) 

Cat. 1 Plastics Cat. 2 
Floating 
packaging and 
covering 
materials 

Cat. 3 Paper, 
rags, glass, 
metals, bottles, 
and other 
similar 
residues 

Cat. 4 
Triturated 
paper, rags, 
glass, metals, 
bottles, etc. (*)

Cat. 5 Food 
waste 

Cat. 6 Other 
waste (ashes, 
etc.) 

Total -Solid 
waste 
discharged 
overboard or 
incinerated 

Total solid 
waste to 
reception 
facilities 

Sources Emas-ship Emas-ship Emas-ship Emas-ship Emas-ship Emas-ship Emas-ship Emas-ship Emas-ship 
Unit of Measure m3/y m3/y m3/y m3/y m3/y m3/y m3/y m3/y m3/y 
Tanker (oil, chem., LG, others) 166 085 18 857 14 774 8 864 56 141 39 889 27 560 124 745 41 340 
Bulk carrier 102 769 11 668 9 142 5 485 34 738 24 682 17 053 77 189 25 580 
General and specialized cargo 188 262 21 375 16 747 10 048 63 637 45 216 31 240 141 402 46 860 
Container & Reefer 83 806 9 515 7 455 4 473 28 328 20 128 13 907 62 946 20 860 
Ro-pax and Ro-Ro cargo 2 241 011 336 969 10 328 158 404 1 003 225 712 818 19 267 988 679 1 252 332 
Total cargo and cargo/pax ships 2 781 933 398 383 58 445 187 274 1 186 070 842 734 109 027 1 394 961 1 386 972 
Cruise and passenger ships 360 335 52 223 6 147 24 549 155 478 110 471 11 467 144 691 215 644 
Grand Total 3 142 268 450 606 64 592 211 823 1 341 548 953 205 120 493 1 539 652 1 602 616 
 

Source: DSA (2000, T = Tanker environment report; Ro = Ro-Ro environment report), EMAS-ship (2006), MEET-Techne (1998), EEA (2006). 
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Table 15. Summary of MARPOL Annex V Prohibitions and allowances for discharging into 
the sea, by solid waste categories 

All ships except drilling platforms Garbage category 

Outside special areas Special areas 
Plastic materials, included synthetic ropes, nets and bags Prohibited Prohibited 
Floating dunnage, lining and packing materials > 25 miles from coast Prohibited 
Paper, rags, glass, metals, bottles, and other similar refuse > 12 miles from coast Prohibited 
All other garbage including comminuted paper, glass, metals, 
bottles, etc. (*) 

> 3 miles from coast Prohibited 

Food waste not comminuted > 12 miles from coast > 12 miles from coast 
Food waste comminuted or ground (*) > 3 miles from coast > 12 miles from coast 
Mixed refuse types (**) (**) 

 
Note: (*) Comminuted waste should pass through a 25 mm net  

(**) When garbage is mixed with harmful substances having different disposal requirements, the more 
stringent disposal requirements shall be applied. 
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Table 16. Solid waste of the World fleet by category (ships > 100 GT) 

World Fleet Solid Waste produced on board (Marpol Annex V categories, in m3) Solid waste disposal 

Impact Type 

Total Ship 
generated 
solid waste 
(before 
disposal) 

Cat. 1 Plastics Cat. 2 
Floating 
packaging and 
covering 
materials 

Cat. 3 Paper, 
rags, glass, 
metals, bottles, 
and other 
similar 
residues 

Cat. 4 
Triturated 
paper, rags, 
glass, metals, 
bottles, etc. 

Cat. 5 Food 
waste 

Cat. 6 Other 
waste mixed 
with 
dangerous 
substances 

Total -Solid 
waste 
discharged 
overboard or 
incinerated 

Total solid 
waste to 
reception 
facilities 

Sources Emas-ship Emas-ship Emas-ship Emas-ship Emas-ship Emas-ship Emas-ship Emas-ship Emas-ship 
Unit of Measure m3/y m3/y m3/y m3/y m3/y m3/y m3/y m3/y m3/y 
Tanker (oil, chem.,LG, others) 957 541 108 716 85 177 51 106 323 672 229 977 158 893 719 201 238 340 
Bulk carrier 526 379 59 764 46 823 28 094 177 928 126 423 87 347 395 359 131 020 
General and specialized cargo 1 450 574 164 694 129 034 77 420 490 328 348 391 240 707 1 089 514 361 060 
Container & Reefer 391 469 44 446 34 823 20 894 132 326 94 021 64 960 294 029 97 440 
Ro-pax and Ro-Ro cargo 5 587 794 840 206 25 752 394 969 2 501 468 1 777 359 48 040 4 479 537 1 108 257 
Total cargo and cargo/pax ships 8 913 758 1 217 826 321 609 572 482 3 625 722 2 576 171 599 947 6 977 641 1 936 117 
Cruise and passenger ships 1 576 481 230 545 22 157 108 376 686 380 487 691 41 333 632 191 944 291 
Grand Total 10 490 239 1 448 371 343 766 680 858 4 312 102 3 063 862 641 280 7 609 832 2 880 408 
 

Source: DSA (2000, T = Tanker environment report; R = Ro-Ro environment report), EMAS-ship (2006), MEET-Techne (1998), EEA (2006). 
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Table 17. Liquid waste of the EU fleet by category (ships > 100 GT) 

EU Fleet Oily wastes Liquid waste 

Impact Type 
Oil sludge from centrifugues (to 
reception facilities or burnt on board) 

Sewage sludge (to reception facilities or 
burnt on board by incinerators or power 
plants) 

Sources Emas ship DSA (Ro) 
Unit of Measure tonnes/y tonnes/y 
Tanker (oil, chem., LG, others) 159 944 -
Bulk carrier 98 306 -
General and specialized cargo 95 607 -
Container & Reefer 177 043 -
Ro-pax and Ro-Ro cargo 73 014 184 685 
Total cargo and cargo/pax ships 603 915 184 685 
Cruise and passenger ships 33 850 28 622 
Grand Total 637 765 213 307 
 

Source: DSA (2000, T = Tanker environment report; R = Ro-Ro environment report), EMAS-ship (2006), MEET-
Techne (1998), EEA (2006). 

Table 18. Liquid waste of the World fleet by category (ships > 100 GT) 

World Fleet Oily wastes Liquid waste 

Impact Type Oil sludge from centrifugues Sewage sludge (to reception facilities or burnt 
on board by incinerators or power plants) 

Sources Emas ship DSA (Ro) 
Unit of Measure tonnes/y tonnes/y 
Tanker (oil, chem., LG, others) 796 758 -
Bulk carrier 493 807 -
General and specialized cargo 632 356 -
Container & Reefer 624 887 -
Ro-pax and Ro-Ro cargo 161 807 460 498 
Total cargo and cargo/pax ships 2 709 614 460 498 
Cruise and passenger ships 129 903 126 356 
Grand Total 2 839 517 586 854 
 

Source: DSA (2000, T = Tanker environment report; R = Ro-Ro environment report), EMAS-ship (2006), MEET-
Techne (1998), EEA (2006). 

Table 19. Average spills in the European seas 

European Seas Years monitored Average spills/y 

North Sea(*) 1998-2004 700
Black Sea(**) 2000-2002, 2004 290
Mediterranean Sea(**) 1999-2004 1500
Baltic Sea(*) 1998-2004 385
NE Atlantic not monitored not monitored
All SERAC monitored Seas  2875

 
Source:  own elaboration based on JRC-SERAC data, http://serac.jrc.it/. 

Note:  (*) aerial surveillance detections;  (**) SAR (satellite probabilistic images). 
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Table 20. Climate change external costs for the EU fleet by category, year 2006 
(ships > 100 GT) 

EU Fleet GHG external costs 

Impact Type CO2 (climate change) HCFC (refrigerants) CO2 eq (Total) 
Unit of Measure Million euro Million euro Million euro 
Tanker (oil, chem., LG, others) 4 238 13 4 251 
Bulk carrier 2 607 8 2 615 
General and specialized cargo 2 535 15 2 549 
Container & Reefer 4 685 30 4 714 
Ro-pax and Ro-Ro cargo 1 929 115 2 044 
Total cargo and cargo/pax ships 15 994 180 16 173 
Cruise and passenger ships 898 18 915 
Grand Total 16 891 198 17 089 
%  98.8 1.2 100.0
 
Note: The average damage value of 75 euro/tonne CO2 applied in this paper is the value suggested by the recent 

Stern Review (‘The Economics of Climate Change’, www.sternreview.org.uk, 2006). 

Table 21. Climate change external costs for the World fleet by category, year 2006 (ships > 
100 GT) 

World fleet GHG external costs 

Impact Type CO2 (climate change) HCFC (refrigerants) CO2 eq (Total) 
Unit of Measure Million euro Million euro Million euro 
Tanker (oil, chem., LG, others) 21 110 74 21 184 
Bulk carrier 13 096 41 13 137 
General and specialized cargo 16 764 112 16 876 
Container & Reefer 16 535 225 16 759 
Ro-pax and Ro-Ro cargo 4 276 286 4 562 
Total cargo and cargo/pax ships 71 781 738 72 519 
Cruise and passenger ships 3 445 79 3 523 
Grand Total 75 226 816 76 042 
% 98.9 1.1 100.0
 
Note: The average damage value of 75 euro/tonne CO2 applied in this paper is the value suggested by the recent 

Stern Review (“The Economics of Climate Change”, www.sternreview.org.uk, 2006). 
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Table 22. Air pollution external costs for the EU fleet by category, year 2006 (ships > 100 GT) - CAFE 2005 damage values* applied to 70% 
emissions 

EU Fleet Air quality external costs 

Impact Type 
SO2 NOx PM2,5 VOC from 

combustion 
Evaporative VOC 
from bunkering 

Evaporative VOC 
from loading and 
unloading of cargo

Total air quality 
pollutants 

Unit of Measure Million euro Million euro Million euro Million euro Million euro Million euro Million euro 
Tanker (oil, chem., LG, others) 4 799 3 367 1 698 51 3 99 10 018 
Bulk carrier 2 944 2 725 1 275 39 2 - 6 985 
General and specialized cargo 2 843 2 347 955 34 2 - 6 181 
Container & Reefer 5 321 4 728 2 189 67 3 - 12 309 
Ro-pax and Ro-Ro cargo 1 146 1 390 401 19 1 - 2 958 
Total cargo and cargo/pax ships 17 055 14 558 6 518 211 12 99 38 452 
Cruise and passenger ships 532 631 205 10 1 - 1 378 
Grand Total 17 586 15 189 6 723 220 12 99 39 830 
 44.2% 38.1% 16.9% 0.6% 0.03% 0.2% 100.0%
 
Source:  AEA Technology Environment for EC DG-ENV, Damages per tonne emission of PM2,5, NH3, SO2, NOX and VOCs from each EU25 Member State (excluding Cyprus) 

and surrounding seas, Service Contract for Carrying out Cost-Benefit Analysis of Air Quality Related Issues, in particular in the Clean Air for Europe (CAFE) 
Programme, March 2005. 

Note: * CAFE (2005) Marginal damage per tonne emission for 2010; main assumptions: VOLY - mean value, core and sensitivity functions included, impacts on crop 
included, no threshold for ozone effects (SOMO 0). 
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Table 23. Air pollution external costs for the World fleet by category, year 2006 (ships > 100 GT) - CAFE 2005 damage values* applied to 
70% emissions 

World fleet Air quality external costs 

Impact Type 
SO2 NOx PM2,5 VOC from 

combustion 
Evaporative VOC 
from bunkering 

Evaporative VOC 
from loading and 
unloading of cargo

Total air quality 
pollutants 

Unit of Measure Million euro Million euro Million euro Million euro Million euro Million euro Million euro 
Tanker (oil, chem., LG, others) 23 907 16 774 8 461 256 15 439 49 852 
Bulk carrier 14 789 13 689 6 403 197 9 - 35 088 
General and specialized cargo 18 807 15 526 6 316 223 12 - 40 885 
Container & Reefer 18 782 16 689 7 726 238 12 - 43 447 
Ro-pax and Ro-Ro cargo 3 987 3 080 889 42 3 - 8 001 
Total cargo and cargo/pax ships 80 272 65 757 29 796 956 52 439 177 272 
Cruise and passenger ships 3 201 2 423 785 37 2 - 6 449 
Grand Total 83 473 68 180 30 581 993 55 439 183 721 
 45.4% 37.1% 16.6% 0.5% 0.03% 0.2% 100.0%

 
Source:  AEA Technology Environment for EC DG-ENV, Damages per tonne emission of PM2,5, NH3, SO2, NOX and VOCs from each EU25 Member State (excluding Cyprus) 

and surrounding seas, Service Contract for Carrying out Cost-Benefit Analysis of Air Quality Related Issues, in particular in the Clean Air for Europe (CAFE) 
Programme, March 2005. 

Note: * CAFE (2005) Marginal damage per tonne emission for 2010; main assumptions: VOLY - mean value, core and sensitivity functions included, impacts on crop 
included, no threshold for ozone effects (SOMO 0). 
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Table 24. Marginal damages per tonne pollutant emission for 2010, CAFE 2005 (euro 
2006/tonne) 

 SO2 NOX PM2,5 VOC 

North Sea 15 820 10 735 61 020 4 520 
Black Sea* 7 210 4 010 22 889 1 706 
Mediterranean Sea 4 520 1 119 12 430 893 
Baltic Sea 8 362 5 537 27 120 1 356 
NE Atlantic Sea 4 859 3 955 10 622 1 017 
*Average EU seas 7 210 4 010 22 889 1 706 
 
Source: AEA Technology Environment for EC DG-ENV, Damages per tonne emission of PM2,5, NH3, SO2, NOX and 

VOCs from each EU25 Member State (excluding Cyprus) and surrounding seas, Service Contract for 
Carrying out Cost-Benefit Analysis of Air Quality Related Issues, in particular in the Clean Air for Europe 

(CAFE) Programme, March 2005. 
Note: Main hypothesis: VOLY approach, mean VOLY value, all core and sensitivity functions, impacts on crops 

included, no ozone threshold, original monetary valuation for 2000 updated at 2006. Inflation Index 2000-
2006: 1.13. * Since CAFE 2005 don't provide damage values for Black sea, Black Sea values have been set 

as the average European values calculated with other seas damages. 

Table 25 External costs of air pollution from maritime transport in European seas, year 2005 
( in Million euro06) 

 SO2 NOX PM2,5 VOC 
(combustion) 

Totals per 
Sea 

% 

North Sea 9 230 8 504 3 795 131 21 660 47.7
Black Sea 533 391 198 6 1 127 2.5
Mediterranean Sea 6 557 2 247 1 950 63 10 817 23.8
Baltic Sea 2 115 1 915 733 18 4 780 10.5
NE Atlantic Sea 2 919 3 375 732 30 7 056 15.5
Totals per pollutant 21 355 16 431 7 407 247 45 441 100.0
% 47.0 36.2 16.3 0.5 100.0
 

Source:  AEA Technology Environment for EC DG-ENV (2005). 
Note *CAFE (2005) Marginal damage per tonne emission for 2010; main assumptions: VOLY - mean value, core 

and sensitivity functions included, impacts on crop included, no threshold for ozone effects (SOMO 0). 
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Table 26. Marine pollution external costs for the EU fleet by category, year 2006 (ships > 100 
GT) 

EU Fleet Marine Pollution 

Impact Type 

Wastewater 
discharges  

Permitted 
discharge of 
bilge oil 

Accidental oil 
spills < 7 tonnes 
due to 
operational 
activities 

Permitted 
discharge 
of oil 
through 
ODM 
system 
from tank 
cleaning  

Total oil 
releases 

Unit of Measure Euro Euro Euro Euro Euro 
Tanker (oil, chem., LG, others) 329 484 9 635 595 5 788 016 62 266 264 77 689 875 
Bulk carrier 203 875 5 962 228 431 288  6 393 516 
General and specialized cargo 373 479 10 922 205 790 077  11 712 282 
Container & Reefer 166 257 4 862 083 351 707  5 213 790 
Ro-pax and Ro-Ro cargo 16 338 730 5 304 458 487 265  5 791 723 
Total cargo and cargo/pax ships 17 411 826 36 686 569 7 848 353 62 266 264 106 801 187 
Cruise and passenger ships 1 216 646 822 075 289 998  - 1 112 073 
Grand Total 18 628 472 37 508 644 8 138 352 62 266 264 107 913 260 
% 100.0 34.8 7.5 57.7 100.0

 

 

 

Table 27. Marine pollution external costs for the World fleet by category, year 2006 (ships > 
100 GT) 

World fleet Marine Pollution 

Impact Type 

Wastewater 
discharges  

Permitted 
discharge of 
bilge oil 

Accidental oil 
spills < 7 tonnes 
due to 
operational 
activities 

Permitted 
discharge of 
oil through 
ODM system 
from tank 
cleaning  

Total oil 
releases 

Unit of Measure Euro Euro Euro Euro Euro 
Tanker (oil, chem., LG, others) 1 899 597 55 552 676 33 370 000 358 987 456 447 910 132 
Bulk carrier 244 30 538 356 2 209 045 32 747 401 
General and specialized cargo 2 877 689 84 156 454 6 087 604 90 244 059 
Container & Reefer 776 608 22 711 474 1 642 874 24 354 348 
Ro-pax and Ro-Ro cargo 29 926 637 13 226 272 1 214 958 14 441 230 
Total cargo and cargo/pax ships 36 524 774 206 185 232 44 524 482 358 987 456 609 697 170 
Cruise and passenger ships 5 371 059 3 629 166 1 045 343 -  4 674 509 
Grand Total 41 895 832 209 814 398 45 569 825 358 987 456 614 371 679 
% parziali 100.0 34.2 7.4 58.4 100.0
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Table 28. Total and specific external costs for the EU fleet by category, no illegal activities, 
year 2006 (ships > 100 GT) 

External costs categories EU Fleet 

Marine 
Pollution 
(sewage and 
permitted oil 
spills) 

Air quality 
pollutants* 

GHGs 
(climate 
change) 

Total 
external 

costs 

Specific 
external 

costs 

Unit of Measure Million euro Million euro Million euro Million euro 

Cent 
euro/tkm - 
cent 
euro/pkm 

Tanker (oil, chem., LG, others) 78 10 018 4 251 14 347 0.29 
Bulk carrier 7 6 985 2 615 9 607 0.28 
General and specialized cargo 12 6 181 2 549 8 743 1.08 
Container & Reefer 5 12 309 4 714 17 029 0.48 
Ro-pax and Ro-Ro cargo 22 2 958 2 044 5 024 2.84 
Total cargo and cargo/pax ships* 124 38 452 16 173 54 750 0.43 
Cruise and passenger ships 2 1 378 915 2 296 24.13 
Grand Total 127 39 830 17 089 57 045 
% external cost categories 0.22 69.82 29.96 100.00 

*CAFE (2005) values. 
 

 

Table 29. Total and specific external costs for the World fleet by category, no illegal activities, 
year 2006 (ships > 100 GT) 

External costs categories World fleet 

Marine 
Pollution 
(sewage and 
permitted oil 
spills) 

Air quality 
pollutants 

GHGs 
(climate 
change) 

Total 
external 

costs 

Specific 
external 

costs 

Unit of Measure Million euro Million euro Million euro Million euro 
cent euro/tkm 
- cent 
euro/pkm 

Tanker (oil, chem., LG, others) 450 49 852 21 184 71 486 0.32 
Bulk carrier 34 35 088 13 137  48 259 0.29 
General and specialized cargo 93 40 885 16 876 57 854 1.24 
Container & Reefer 25 43 447 16 759 60 231 0.50 
Ro-pax and Ro-Ro cargo 44 8 001 4 562 12 608 3.22 
Total cargo and cargo/pax ships* 646 177 272 72 519 250 437 0.45 
Cruise and passenger ships 10 6 449 3 523 9 982 23.77 
Grand Total 656 183 721 76 042 260 420 
% external cost categories 0.25 70.55 29.20 100.00

*CAFE (2005) values. 
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Table 30. Total oil spills and related external costs from world and EU fleet, year 2006 (permitted, accidental and illegal) 

Quantities External costs Oil Spills Source 
EU Fleet 
tonne/y 

World Fleet 
tonne/y 

EU Fleet  
euro 

World Fleet 
euro 

Permitted discharge of bilge oil (all ships) Own calculation based on oil discharge < 15 ppm and 
bilge wastewater/ship 

160 893 37 508 644 209 814 398 

Tank cleaning (chemical tankers) Own calculation based on assumptions on voyages, 
n. washings/y and oil discharge < 15 ppm controlled 
by ODM 

265 1 528 62 266 264 358 987 456 

Accidental small oil spills < 7 tonn due to 
operational activities (all ships when bunkering 
and only tankers when loading/unloading) 

Tankers: ITOPF - oil tanker spills statistics 2005 + 
own elaboration ITOPF based for non tankers when 
bunkering 

35 194 8 138 352 45 569 825 

Accidental medium and big oil spills World fleet: ITOPF - oil tanker spills statistics 2005 
EU Fleet: own estimation based on number of ships 

3 194 17 000 750 590 000 3 995 000 000 

Illegal oil spills during navigation Own estimation based on EC and JRC-SERAC 
monitoring in Mediterranean 

31 393 167 078 7 377 385 088 39 263 330 000 

Total oil spills  34 801 186 692 8 178 229 874 43 872 701 679
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Table 31. External costs for the EU fleet by category, including illegal oil spills, excluding tankers' big accidents, year 2006 (ships > 100 GT) 

External costs categories EU Fleet 

Marine Pollution (including 
illegal oil spills) 

Air quality 
pollutants* 

GHGs (climate 
change) 

Total external costs 
(including illegal act.) 

Specific external costs 

Unit of Measure Million euro Million euro Million euro Million euro Cent euro/tkm - cent euro/pkm 
Tanker (oil, chem., LG, others) 1 765 10 018 4 251 16 034 0.32 
Bulk carrier 1 051 6 985 2 615 10 651 0.31 
General and specialized cargo 1 925 6 181 2 549 10 655 1.32 
Container & Reefer 857 12 309 4 714 17 881 0.51 
Ro-pax and Ro-Ro cargo 1 202 2 958 2 044 6 204 3.50 
Total cargo and cargo/pax ships 6 800 38 452 16 173 61 425 0.49 
Cruise and passenger ships 704 1 378 915 2 998 31.51 
Grand Total 7 504 39 830 17 089 64 423  
% external cost categories 11.6 61.8 26.5 100.00%  

* CAFE (2005) damage values. 

Table 32. External costs for the World fleet by category, including illegal oil spills, excluding tankers' big accidents, year 2006 (ships > 100 
GT) 

External costs categories World fleet 

Marine Pollution (including 
illegal oil spills) 

Air quality 
pollutants* 

GHGs (climate change)

Total external costs 
(including illegal act.) 

Specific external costs 

Unit of Measure Million euro Million euro Million euro Million euro cent euro/tkm - cent euro/pkm 
Tanker (oil, chem., LG, others) 10 178 49 852 21 184 81 214 0.37 
Bulk carrier 5 382 35 088 13 137 53 607 0.32 
General and specialized cargo 14 831 40 885 16 876 72 591 1.55 
Container & Reefer 4 002 43 447 16 759 64 209 0.54 
Ro-pax and Ro-Ro cargo 2 986 8 001 4 562 15 549 3.97 
Total cargo and cargo/pax ships 37 379 177 272 72 519 287 170 0.51 
Cruise and passenger ships 2 541 6 449 3 523 12 513 29.79 
Grand Total 39 920 183 721 76 042 299 683  
% external cost categories 13.3 61.3 25.4 100.00  

* CAFE (2005) damage values. 




