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Preface
This study of greenhouse gas emissions from ships was commissioned as an update of International Maritime Organization’s (IMO) Study of Greenhouse Gas Emissions from Ships which was delivered in 2000. The updated study been prepared on behalf of the IMO by an international consortium led by MARINTEK. The study was carried out in partnership with the following institutions:

CE Delft, Dalian Maritime University, Deutsches Zentrum für Luft- und Raumfahrt e.V., DNV, Energy and Environmental Research Associates (EERA), Lloyd’s Register –Fairplay, Manchester Metropolitan University, Mokpo National Maritime University (MNMU), National Maritime Research Institute (Japan), Ocean Policy Research Foundation (OPRF).

The following individuals were the main contributors to the report:

Øyvind Buhaug (Coordinator), James J. Corbett (Task leader, Emissions and Scenarios), Veronika Eyring (Task leader, Climate Impacts), Øyvind Endresen, Jasper Faber, Shinichi Hanayama, David S. Lee, Donchool Lee, Håkon Lindstad, 
Agnieszka Z. Markowska, Alvar Mjelde, Dagmar Nelissen, Jørgen Nilsen, 
Christopher Pålsson, Wu Wanquing, James J. Winebrake, Koichi Yoshida.
In the course of their efforts, the research team has gratefully received input and comments from the International Energy Agency (IEA), the Baltic and International Maritime Council (BIMCO), the International Association of Independent Tanker Owners (INTERTANKO), the Government of Australia, the Government of Greece and the IMO secretariat.
The main objectives of the study were to assess: (i) present and future emissions from international shipping; (ii) the potential for reduction of these emissions through technology and policy; and (iii) impacts on climate from these emissions.

The work has been conducted in two phases. Results from the first phase, covering only part of the scope, was presented in MEPC 58/INF.6. This report covers the full scope of work, hence updates and supersedes the report on the first phase.

The views and conclusions drawn in this work are those of the scientists writing the report.

Recommended citation: Second IMO GHG study 2009; International Maritime Organization (IMO) London, UK, April 2009; Buhaug, Ø.; Corbett, J.J.; Endresen, Ø.; Eyring, V.; Faber, J.; Hanayama, S.; Lee, D.S.; Lee, D.; Lindstad, H.; Markowska, A.Z.; Mjelde, A.; Nelissen, D.; Nilsen, J.; Pålsson, C.; Winebrake, J.J.; Wu, W.–Q.; Yoshida, K.
List of abbreviations

	ACS
	Air cavity system

	AGWP
	Absolute global warming potential

	AIS
	Automatic identification system

	AFFF
	Aqueous film-forming foams

	AMVER
	Automated Mutual-assistance Vessel Rescue system

	BC
	Black carbon

	CBA
	Cost–benefit analysis

	CDM
	Clean development mechanism

	CFC
	Chlorofluorocarbons

	CFD
	Computational fluid dynamics

	CH4
	Methane

	CO
	Carbon monoxide

	CO2
	Carbon dioxide

	COADS
	Comprehensive Ocean–Atmosphere Data Set

	CORINAIR

	Core Inventory of Air Emissions – Programme to establish an inventory of emissions of air pollutants in Europe

	ECA
	Emission Control Area

	EEDI
	Energy Efficiency Design Index

	EEOI
	Energy Efficiency Operational Indicator

	EJ
	Exajoule (1019 joules)

	EIA
	United States Energy Information Administration

	EGR
	Exhaust gas recirculation (NOx reduction technology)

	EU ETS
	European Union Emissions Trading Scheme

	FAME
	Fatty Acid Methyl Ester (a type of bio-diesel)

	FTD
	Fischer–Tropsch diesel (a type of synthetic diesel)

	GCM
	Global climate model

	GDP
	Gross domestic product

	GHG
	Greenhouse gas

	GT
	Gross tonnage

	GTP
	Global temperature change potential

	GWP
	Global warming potential

	HCFC
	Hydrochlorofluorocarbons

	HFC
	Hydrofluorocarbons

	HFO
	Heavy fuel oil

	HVAC
	Heat, ventilation and air conditioning

	ICF
	International Compensation Fund for GHG emisssions from ships

	IEA
	International Energy Agency

	IPCC
	Intergovernmental Panel on Climate Change

	ISO
	International Organization for Standardization

	LNG
	Liquefied natural gas

	LRFPR
	Lloyd’s Register – Fairplay Research

	LRIT
	Long range identification and tracking system

	MARPOL
	International Convention for the Prevention of Pollution from Ships

	MCFC
	Molten carbonate fuel cell

	MCR
	Maximum continuous rating

	MDO
	Marine diesel oil (distillate marine fuel with possible residual fuel traces)

	MEPC
	Marine Environment Protection Committee

	METS
	Maritime emissions trading scheme

	MGO
	Marine gas oil (distillate marine fuel)

	MSD
	Medium speed diesel

	NOx
	Nitrogen oxides

	NMVOC
	Non-methane volatile organic compounds

	NSV
	Net standard volume

	O3
	Ozone

	OECD
	Organisation for Economic Co-operation and Development 

	OPRF
	Ocean Policy Research Foundation

	PAC
	Polycyclic aromatic hydrocarbons

	PFOS
	Perfluorooctane sulphonates

	PM
	Particulate matter/material

	PM10
	Particulate matter/material with aerodynamic diameter 10 micrometres or less

	POM
	Particulate organic matter/material

	RF
	Radiative forcing

	RPM
	Revolutions per minute

	RTOC
	Refrigeration, Air Conditioning and Heat Pumps Technical Options Committee

	SCR
	Selective catalytic reduction

	SECA
	SOx Emission Control Area

	SEMP
	Ship efficiency management plan

	SF6
	Sulphur hexafluoride

	SFOC
	Specific fuel oil consumption

	SOx
	Sulphur oxides

	SOFC
	Solid oxide fuel cell

	SRES
	Special Report on Emissions Scenarios (IPCC)

	SSD
	Slow speed diesel

	TDC
	Top dead centre

	TEU
	Twenty foot equivalent unit

	UNCTAD
	United Nations Conference on Trade and Development

	UNEP
	United Nations Environment Programme

	UNFCCC
	United Nations Framework Convention on Climate Change

	VOC
	Volatile organic compounds


Definitions

	International shipping
	Shipping between ports of different countries, as opposed to domestic shipping.  International shipping excludes military and fishing vessels.  By this definition, the same ship may frequently be engaged in both international and domestic shipping operations.  This is consistent with IPCC 2006 Guidelines.

	Domestic shipping
	Shipping between ports of the same country, as opposed to international shipping.  Domestic shipping excludes military and fishing vessels.  
By this definition, the same ship may frequently be engaged in both international and domestic shipping operations.  This definition is consistent with IPCC 2006 Guidelines.

	Coastwise shipping
	Coastwise shipping is freight movements and other shipping activities that are predominantly along coastlines or regionally bound (e.g., passenger vessels, ferries, offshore vessels) as opposed to ocean‑going shipping.  The distinction is made for the purpose of scenario modelling and is based on ship types, i.e. a ship is either a coastwise or an ocean-going ship.

	Ocean-going shipping
	This is a term used for scenario modelling.  It refers to large cargo‑carrying ships engaged in ocean-crossing trade.

	Total shipping
	This is defined in this report as international and domestic shipping plus fishing.  It excludes military vessels.


Chapter 1

Executive summary

Conclusions
· Shipping is estimated to have emitted 1,046 million tonnes of CO2 in 2007, which corresponds to 3.3% of the global emissions during 2007.  International shipping is estimated to have emitted 870 million tonnes, or about 2.7% of the global emissions of CO2 in 2007.
· Exhaust gases are the primary source of emissions from ships.  Carbon dioxide is the most important GHG emitted by ships.  Both in terms of quantity and of global warming potential, other GHG emissions from ships are less important.

· Mid-range emissions scenarios show that, by 2050, in the absence of policies, ship emissions may grow by 150% to 250% (compared to the emissions in 2007) as a result of the growth in shipping.
· A significant potential for reduction of GHG through technical and operational measures has been identified.  Together, if implemented, these measures could increase efficiency and reduce the emissions rate by 25% to 75% below the current levels.  Many of these measures appear to be cost-effective, although non‑financial barriers may discourage their implementation, as discussed in chapter 5.
· A number of policies to reduce GHG emissions from ships are conceivable.  This report analyses options that are relevant to the current IMO debate.  The report finds that market-based instruments are cost-effective policy instruments with a high environmental effectiveness.  These instruments capture the largest amount of emissions under the scope, allow both technical and operational measures in the shipping sector to be used, and can offset emissions in other sectors.  A mandatory limit on the Energy Efficiency Design Index for new ships is a cost-effective solution that can provide an incentive to improve the design efficiency of new ships.  However, its environmental effect is limited because it only applies to new ships and because it only incentivizes design improvements and not improvements in operations.
· Shipping has been shown, in general, to be an energy-efficient means of transportation compared to other modes.  However, not all forms of shipping are more efficient than all other forms of transport.
· The emissions of CO2 from shipping lead to positive “radiative forcing” (a metric of climate change) and to long-lasting global warming.  In the shorter term, the global mean radiative forcing from shipping is negative and implies cooling; however, regional temperature responses and other manifestations of climate change may nevertheless occur.  In the longer term, emissions from shipping will result in a warming response as the long-lasting effect of CO2 will overwhelm any shorter-term cooling effects.
· If a climate is to be stabilized at no more than 2°C warming over pre-industrial levels by 2100 and emissions from shipping continue as projected in the scenarios that are given in this report, then they would constitute between 12% and 18% of the global total CO2 emissions in 2050 that would be required to achieve stabilization (by 2100) with a 50% probability of success.
Background

1.1
The 1997 MARPOL Conference (September 1997) convened by the IMO adopted resolution 8 on “CO2 emissions from ships”.  This resolution invited, inter alia, the IMO to undertake a study of emissions of GHG from ships for the purpose of establishing the amount and relative percentage of GHG emissions from ships as part of the global inventory of 
GHG emissions.  As a follow-up to the above resolution, the IMO Study of Greenhouse Gas Emissions from Ships was completed and presented to the forty-fifth session of the MEPC (MEPC 45) in June 2000, as document MEPC 45/8.
1.2
MEPC 55 (October 2006) agreed to update the “IMO Study of Greenhouse Gas Emissions from Ships” from 2000 to provide a better foundation for future decisions and to assist in the follow-up to resolution A.963(23).  MEPC 56 (July 2007) adopted the Terms of Reference for the updating of the study, which has been given the title “Second IMO GHG Study 2009”.  This report has been prepared by an international consortium, as set out in the preface to this report.
Scope and structure

1.3
As set out in the terms of reference, this study provides estimates of present and future emissions from international shipping.  “International shipping” has been defined in accordance with guidelines developed by The Intergovernmental Panel on Climate Change (IPCC).  These guidelines divide emissions from water-borne navigation into two primary categories: domestic and international, where “international waterborne navigation” is defined as navigation between ports of different countries.  Total estimates that include emissions from domestic shipping and emissions from fishing are also included in this report.

1.4
The study addresses greenhouse gases (CO2, CH4, N2O, HFCs, PFCs, SF6) and other relevant substances (NOx, NMVOC, CO, PM, SOx) that are defined in the terms of reference for this study.

1.5
The report has been organized into the following main parts:

.1
Annual inventories of emissions of greenhouse gases and other relevant emissions from shipping from 1990 to 2007 (chapter 3);

.2
Analysis of the progress in reducing emissions from shipping through implementation of MARPOL Annex VI (chapter 4);
.3
Analysis of technical and operational measures to reduce emissions (chapter 5);

.4
Analysis of policy options to reduce emissions (chapter 6);

.5
Scenarios for future emissions from international shipping (chapter 7);

.6
Analysis of the effect of emissions from shipping on the global climate 
(chapter 8); and

.7
A comparison of the energy efficiency and CO2 efficiency of shipping compared to other modes of transport (chapter 9).

Emissions 1990-2007
1.6
The analysis in this report shows that exhaust gas is the dominating source of emissions from shipping.  Additionally, emissions originating from leaks of refrigerant and release of volatile organic compounds in conjunction with the transport of crude oil are quantified in this study.  Other emissions include diverse sources, such as emissions from testing and maintenance of fire-fighting equipment.  These are not considered significant and are not quantified in this report.
1.7
Emissions of exhaust gases from international shipping are estimated in this study, based on a methodology where the total fuel consumption of international shipping is first determined.  Emissions are subsequently calculated by multiplying fuel consumption with an emission factor for the pollutant in question.

1.8
Fuel consumption for the year 2007 was estimated by an activity-based methodology.  This is a change in methodology compared to the first IMO study on greenhouse gas emissions from ships, published in 2000, which relied on fuel statistics.  The investigations that are presented in this study suggest that international fuel statistics would under-report fuel consumption.  The difference between the fuel statistics and the activity-based estimate is about 30%.

1.9
Guidebook emission factors from CORINAIR and IPCC were used for all emissions except for NOx, where adjustments were made to accommodate the effect of the NOx regulations in MARPOL Annex VI.  Estimates of emissions of refrigerants were retrieved from the 2006 United Nations Environmental Programme (UNEP) assessment of refrigerant emissions from transport.  The emissions of VOC from crude oil were assessed on the basis of several data sources.

1.10
An estimate of the share of the total emissions of exhaust gases from ships that can be attributed to international shipping was made on the basis of the estimate for total fuel consumption by shipping and statistics for fuel consumption by domestic shipping in 2007.  
An emissions series from 1990 to 2007 was generated by assuming that ship activity was proportional to data on seaborne transport published by Fearnresearch.  The estimate of GHG emissions for 2007 is presented in table 1-1.  Emissions of SF6 and PFC are considered negligible and are not quantified.  Emissions of CO2 from shipping are compared with global total emissions in figure 1-1.
Table 1-1 ( Summary of GHG emissions from shipping* during 2007

	
	International shipping
	Total shipping

	
	million tonnes
	million tonnes
	CO2 equivalent

	CO2
	870
	1046
	1046

	CH4
	Not determined*
	0.24
	6

	N2O
	0.02
	0.03
	9

	HFC
	Not determined*
	0.0004
	 ≤ 6


*
A split into domestic and international emissions is not possible
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Figure 1-1 – Emissions of CO2 from shipping compared with global total emissions

Emission reductions achieved by implementation of MARPOL Annex VI

1.11
Progress to date in reducing emissions was assessed by analysing the reductions in the emissions that are regulated in MARPOL Annex VI.

1.12
Reductions in emissions of ozone-depleting substances (ODSs) from ships have been achieved as a result of several international agreements, including the Montreal Protocol and MARPOL Annex VI.  Reductions in these emissions have been estimated on the basis of figures in the 1998 and 2006 reports published by the UNEP Refrigeration, Air Conditioning and Heat Pumps Technical Options Committee (RTOC).  The base year for the 2006 RTOC report is 2003; however, a base year is not available in the 1998 report.  Nevertheless, these data indicate the following:

.1
CFC
–  735 tonnes reduction

(98%);

.2
HCFC
– 10,900 tonnes reduction

(78%); and

.3
HFC 
– 415 tonnes increase


(315%).
1.13
Emissions of HFC have increased, because HFC are used as a substitute for CFC and HCFC.

1.14
Where emissions of NOx are concerned, a reduction in emissions of about 12–14% per tonne of fuel consumed has been identified for regulated (Tier I) engines as compared to pre‑regulation (Tier 0) engines.  In 2007, about 40% of the installed engine power of the world fleet had been built since 1 January 2000 and was thus assumed to be Tier I-compliant.  The net reduction in international emissions of NOx from shipping in 2007 was thus about 6% compared to a no-regulation baseline.  However, NOx emissions from international shipping are estimated to have increased from 16 million tonnes in 2000 to 20 million tonnes in 2007.

1.15
Reductions in SOx emissions have been estimated for 2008, since this is the first year in which both of the sulphur emission control areas (SECAs) have been fully in force.  Based on a set of assumptions, including an average content of sulphur in the fuel that is used in SECAs, in the hypothetical unregulated scenario it is estimated that emissions of sulphur oxides from shipping in the SECA areas had been reduced by about 42%.

1.16
A reduction in emissions of VOC has not been quantified.  The most tangible result of implementing regulation 15 in MARPOL Annex VI is the introduction of standardized VOC return pipes, through which tankers can discharge VOC to shore during loading.  Most tankers now have this capability, although the frequency of their use is variable.

Technological and operational options for reduction of emissions

1.17
A wide range of options for increasing the energy efficiency and reducing emissions by changing ship design and ship operation has been identified.  An overall assessment of the potential of these options to achieve a reduction of CO2 emissions is shown in table 1‑2.  Since the primary gateway to reduction of CO2 emissions is increased energy efficiency, these reduction potentials generally apply to all emissions of exhaust gases from ships.

Table 1-2 (
Assessment of potential reductions of CO2 emissions from shipping by using known technology and practices

	DESIGN (New ships)
	Saving of CO2/tonne-mile
	Combined
	Combined

	Concept, speed and capability
	2% to 50%+
	10% to 50%+
	25% to 75%+

	Hull and superstructure
	2% to 20%
	
	

	Power and propulsion systems
	5% to 15%
	
	

	Low-carbon fuels
	5% to 15%*
	
	

	Renewable energy
	1% to 10%
	
	

	Exhaust gas CO2 reduction
	0%
	
	

	OPERATION (All ships)
	
	
	

	Fleet management, logistics and incentives
	5% to 50%+
	10% to 50%+
	

	Voyage optimization
	1% to 10%
	
	

	Energy management
	1% to 10%
	
	


+ 
Reductions at this level would require reductions of operational speed.

* 
CO2 equivalent, based on the use of LNG.
1.18
A considerable proportion of the potential abatement appears to be cost-effective at present.  However, non-financial barriers may currently limit the adoption of certain measures, as discussed in chapter 5.

1.19
Renewable energy, in the form of electric power generated by solar cells and thrust generated by wind, is technically feasible only as a partial source of replacement power, due to the variable intensity and the peak power of wind and sunlight.

1.20
Carbon dioxide is the most important GHG emission from shipping, and the potential benefits from reducing emissions of the other GHG are small in comparison.

1.21
Fuels with lower life-cycle CO2 emissions include biofuels and liquefied natural gas (LNG).  The use of biofuels on board ships is technically possible; however, use of first‑generation biofuels poses some technical challenges and could also increase the risk of losing power (e.g., due to plugging of filters).  These challenges are, nevertheless, overshadowed by limited availability and unattractive prices that make this option appear unlikely to be implemented on a large scale in the near future.  However, it is believed that LNG will become economically attractive, principally for ships in regional trades within ECAs where LNG is available.
1.22
Emissions of other relevant substances (NOx, SOx, PM, CO and NMVOC) as exhaust gas pollutants will be reduced as the energy efficiency of shipping is improved.  Long-term reductions in emissions that are mandated or expected from implementation of the revised Annex VI are shown in table 1-3.  Significant reductions in emissions can be achieved by increasing numbers or extending the coverage of Emission Control Areas.

Table 1-3 ( Long-term reductions in emissions in the revised MARPOL Annex VI

	
	Global
	ECA

	NOx     (g/kW·h)
	15–20%
	80%

	SOx*    (g/kW·h)
	80%
	96%

	PM (mass)† (g/kW·h)
	73%
	83%


*
Reduction relative to fuel that contains 2.7% sulphur.

† 
Expected PM reduction arising from change of composition of fuel.
1.23
Future (sulphur) emission control areas ((S)ECAs) will limit the maximum sulphur content of the fuels that are used within these areas to 0.1%.  This is a radical improvement from the present-day average of 2.7% of sulphur in residual fuel, although it will still be 100-times higher than the levels of sulphur in automotive diesel fuels (10 ppm, 0.001%).  Reductions in emission levels that are significantly beyond the ECA levels indicated in table 1-3 would create a need for stricter fuel-quality requirements.

Policy options for reduction of emissions

1.24
Many technical and operational measures that may be used to reduce GHG emissions from ships have been identified; however, these measures may not be implemented unless policies are established to support their implementation.  A number of policies to reduce GHG emissions from ships are conceivable.  This report sets out to identify a comprehensive overview of options.  The options that are relevant to the current IMO debate are analysed in detail.  These options are:

.1
A mandatory limit on the Energy Efficiency Design Index (EEDI) for new ships;

.2
Mandatory or voluntary reporting of the EEDI for new ships;

.3
Mandatory or voluntary reporting of the Energy Efficiency Operational Indicator (EEOI);

.4
Mandatory or voluntary use of a Ship Efficiency Management Plan (SEMP);

.5
Mandatory limit on the EEOI value, combined with a penalty for non-compliance;

.6
A Maritime Emissions Trading Scheme (METS); and

.7
A so-called International Compensation Fund (ICF), to be financed by a levy on marine bunkers.

1.25
The analysis of the options is based on the criteria for a coherent and comprehensive future IMO regulatory framework on GHG emissions from ships, developed by MEPC 57.  Based on these criteria, the following qualitative conclusions can be drawn with respect to options being discussed within IMO at present:

.1
A mandatory limit on Energy Efficiency Design Index (EEDI) for new ships appears to be a cost-effective solution that can provide a strong incentive to improve the design efficiency of new ships.  The main limitation of the EEDI is that it only addresses ship design; operational measures are not considered.  This limits the environmental effectiveness.  The effect is also limited, in the sense that it applies only to new ships;

.2
Mandatory and/or voluntary reporting of either the EEDI or the EEOI would have no environmental effect in itself.  Rather, environmental effectiveness and cost‑effectiveness would depend on incentive schemes being set up to make use of the information.  The assessment of the large number of conceivable incentive schemes was beyond the scope of this report;
.3
The Ship Efficiency Management Plan (SEMP) appears to be a feasible approach to increase awareness of cost-effective measures to reduce emissions.  However, since this instrument does not require a reduction of emissions, its effectiveness will depend on the availability of cost-effective measures to reduce emissions (i.e. measures for which the fuel savings exceed the capital and operational expenditures).  Likewise, it will not incentivize innovation and R & D beyond the situation of “business as usual”;
.4
A mandatory limit on EEOI appears to be a cost-effective solution that can provide a strong incentive to reduce emissions from all ships that are engaged in transport work.  It incentivizes both technical and operational measures.  However, this option is technically very challenging, due to the difficulties in establishing and updating baselines for operational efficiency and in setting targets;
.5
Both the Maritime Emission Trading Scheme (METS) and the International Compensation Fund for GHG Emissions from Ships (ICF) are cost-effective policy instruments with high environmental effectiveness.  They have the largest amount of emissions within their scope, allow all measures in the shipping sector to be used and can offset emissions in other sectors.  These instruments provide strong incentives to technological change, both in operational technologies and in ship design; and
.6
The environmental effect of the METS is an integral part of its design and will therefore be met.  In contrast, part of the environmental effect of the ICF depends on decisions about the share of funds that will be spent on buying emission allowances from other sectors.  With regard to cost-effectiveness, incentives to technological change and feasibility of implementation, both policy instruments seem to be quite similar.
Scenarios for future emissions from international shipping

1.26
Future emissions of CO2 from international shipping were estimated on the basis of a relatively simple model, which was developed in accordance with well-established scenario practice and methodology.  The model incorporates a limited number of key driving parameters, as shown in table 1-4.

Table 1-4 ( Driving variables used for scenario analysis
	Category
	Variable
	Related elements

	Economy
	Shipping transport demand (tonne-miles/year)
	Population, global and regional economic growth, modal shifts, shifts in sectoral demand

	Transport efficiency
	Transport efficiency (MJ/tonne-mile) – depends on fleet composition, ship technology and operation
	Ship design, advances in propulsion, vessel speed, regulations aimed at achieving other objectives but that have consequences for emissions of GHG

	Energy 
	Carbon fraction of the fuel that is used by shipping (g of C/MJ of fuel energy)
	Cost and availability of fuels (e.g., use of residual fuel, distillates, biofuels, or other fuels)


1.27
In this study, carbon emissions are explicitly modelled as a parameter of the scenario.  Other levels of pollutant emissions are calculated on the basis of energy consumption and MARPOL regulations.  Scenarios are based on the framework for global development and storylines that have been developed by the Intergovernmental Panel on Climate Change (IPCC) in the Special Report on Emission Scenarios (SRES).

1.28
A hybrid approach, considering both historic correlations between economic growth and trade as well as analysis considering regional shifts in trade, increased recycling, and new transport corridors, has been employed, inter alia, to derive the projections of future demand for transport.

1.29
No regulations regarding CO2 or fuel efficiency have been assumed, and the improvement in efficiency over time reflects improvements that would be cost-effective in the various scenarios rather than the ultimate technological potential.

1.30
Assumptions about future use of fuel reflect that the availability of energy in the 
SRES scenarios would permit the continued use of oil-based fuels until 2050 for shipping.  Therefore, in these scenarios, in which there is non-regulation of GHG emissions, the move from oil-derived fuels would have to be motivated by economic factors.  The effect of MARPOL Annex VI on the fuel that is used is considered.

1.31
Scenarios are modelled from 2007 to 2050.  The main scenarios are named A1FI, A1B, A1T, A2, B1 and B2, according to terminology from the IPCC Special Report on Emission Scenarios (SRES).  These scenarios are characterized by global differences in population, economy, land-use and agriculture which are evaluated against two major tendencies: (1) globalization versus regionalization and (2) environmental values versus economic values.  The background for these scenarios is discussed in chapter 7 of this report.

1.32
Annual increases of CO2 emissions, in the range of 1.9–2.7%, are found in base scenarios, with extreme scenarios indicating increases of 5.2% and −0.8%, respectively.  The increase in emissions is driven by the expected growth in seaborne transport.  The scenarios with the lowest emissions show reductions in CO2 emissions in 2050 compared to emissions during 2007.  Results from the scenarios are shown in figure 1-2.
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Figure 1-2 –
Trajectories of the emissions from international shipping.  Columns on the right-hand side indicate the range of results for the scenarios within individual families of scenario
Climate impact

1.33
A detailed analysis of the climate impacts of emissions from ships was performed, using state-of-the-art modelling and references to and comparison with other relevant research.  Emissions from international shipping produce significant impacts on atmospheric composition, human health and climate; these are summarized below:
.1
Increases in well-mixed GHGs, such as CO2, lead to positive “radiative forcing
” (RF) and to long-lasting global warming;

.2
For 2007, the RF from CO2 from shipping was calculated to be 49 mW m−2, contributing approximately 2.8% of total RF from anthropogenic CO2 in 2005;

.3
For a range of 2050 scenarios, the RF of CO2 from shipping was calculated to be between 99 and 122 mW m−2, bounded by a minimum/maximum uncertainty range (from the scenarios) of 68 mW m−2 and 152 mW m−2;

.4
The total RF for 2007 from shipping was estimated to be −110 mW m−2, dominated by a rather uncertain estimate of the indirect effect (−116 mW m−2) and not including the possible positive RF from the interaction of black carbon with snow, which has not yet been calculated for ship emissions.  We also emphasize that CO2 remains in the atmosphere for a long time and will continue to have a warming effect long after it was emitted.  This has been demonstrated here by showing how the residual effects of emissions from shipping prior to 2007 turn from a negative effect on temperature to a positive effect.  By contrast, sulphate has a residence time in the atmosphere of approximately 10 days, and the duration of response of the climate to sulphate is of the order of decades, whilst that of CO2 is of the order of centuries to millennia;

.5
Simple calculations of global means have been presented here for RF and temperature response, and are in agreement with other studies in the literature.  As highlighted by others, global mean temperature response is only a first-order indicator of climate change.  Calculations presented here show that the radiative forcing from shipping has a complex spatial structure, and there is evidence from other, more general, studies of indirect cloud-forcing effects that significant changes in precipitation patterns may result from localized negative RFs, even if the localized temperature response is not so variable.  Such alterations in precipitation, even from negative forcing, constitute climate change.  This is a complex subject, and more work on this aspect is needed;

.6
While the control of emissions of NOx, SO2 and particles from ships will have beneficial impacts on air quality, acidification and eutrophication, reductions of emissions of CO2 from all sources (including ships and other freight modes) will be required to reduce global warming.  Moreover, a shift to cleaner combustion and cleaner fuels may be enhanced by a shift to technologies that lower the emissions of CO2; and

.7
Climate stabilization will require significant reductions in future global emissions of CO2.  The projected emissions from shipping for 2050 that have been developed for this work – which are based on SRES non-climate intervention policy assumptions – constitute 12% to 18% of the WRE450 stabilization scenario, which corresponds to the total permissible global emissions of CO2 in 2050 if the increase in global average temperature is to be limited to 2°C with a probability greater than 50%.

Comparison of emissions of CO2 from ships with emissions from other modes of transport

1.34
The ranges of CO2 efficiency of various forms of transport were estimated, using actual operating data, transport statistics and other information.  The efficiency of ships is compared with that of other modes of transport in figure 1-3.  Efficiency is expressed as mass of CO2 per tonne-kilometre, where the mass of CO2 expresses the total emissions from the activity and “tonne-kilometre” expresses the total transport work that is done.  The ranges that have been plotted in the figure show the typical average range for each of them.  The figure does not indicate the maximum (or minimum) efficiency that may be observed.
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Figure 1-3 –
Typical ranges of CO2 efficiencies of ships compared with rail and road transport
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� 	A common metric to quantify impacts on climate from different sources is ”radiative forcing” (RF), in units of W/m2, since there is an approximately linear relationship between global mean radiative forcing and change in global mean surface temperature. RF refers to the change in the Earth–atmosphere energy balance since the pre�industrial period. If the atmosphere is subject to a positive RF from, for example, the addition of a greenhouse gas such as CO2, the atmosphere attempts to re-establish a radiative equilibrium, resulting in a warming of the atmosphere.





I:\MEPC\59\4-7.doc

[image: image16.png],Am ’E)%?t- Home | News | About | Academics | Admissions | Research Achievement
Qﬂa-m‘mn-m yersityl Intemational | Campus|ife | Services

Udalidall marume viiversity P




[image: image17.png]


[image: image18.emf]International shipping CO2 emission scenarios 

0

1000

2000

3000

4000

5000

6000

7000

8000

2000 2010 2020 2030 2040 2050

CO2 emissions from ships (million tons CO2 / yr) '

A1FI

A1B

A1T

A2

B1

B2

Max

Min

[image: image19.emf]B2B1A2

A1T

A1B

A1FI

_1301982330.xls
Chart1

		2000		2000		2000		2000		2000		2000		2000		2000

		2001		2001		2001		2001		2001		2001		2001		2001

		2002		2002		2002		2002		2002		2002		2002		2002

		2003		2003		2003		2003		2003		2003		2003		2003

		2004		2004		2004		2004		2004		2004		2004		2004

		2005		2005		2005		2005		2005		2005		2005		2005

		2006		2006		2006		2006		2006		2006		2006		2006

		2007		2007		2007		2007		2007		2007		2007		2007

		2008		2008		2008		2008		2008		2008		2008		2008

		2009		2009		2009		2009		2009		2009		2009		2009

		2010		2010		2010		2010		2010		2010		2010		2010

		2011		2011		2011		2011		2011		2011		2011		2011

		2012		2012		2012		2012		2012		2012		2012		2012

		2013		2013		2013		2013		2013		2013		2013		2013

		2014		2014		2014		2014		2014		2014		2014		2014

		2015		2015		2015		2015		2015		2015		2015		2015

		2016		2016		2016		2016		2016		2016		2016		2016

		2017		2017		2017		2017		2017		2017		2017		2017

		2018		2018		2018		2018		2018		2018		2018		2018

		2019		2019		2019		2019		2019		2019		2019		2019

		2020		2020		2020		2020		2020		2020		2020		2020

		2021		2021		2021		2021		2021		2021		2021		2021

		2022		2022		2022		2022		2022		2022		2022		2022

		2023		2023		2023		2023		2023		2023		2023		2023

		2024		2024		2024		2024		2024		2024		2024		2024

		2025		2025		2025		2025		2025		2025		2025		2025

		2026		2026		2026		2026		2026		2026		2026		2026

		2027		2027		2027		2027		2027		2027		2027		2027

		2028		2028		2028		2028		2028		2028		2028		2028

		2029		2029		2029		2029		2029		2029		2029		2029

		2030		2030		2030		2030		2030		2030		2030		2030

		2031		2031		2031		2031		2031		2031		2031		2031

		2032		2032		2032		2032		2032		2032		2032		2032

		2033		2033		2033		2033		2033		2033		2033		2033

		2034		2034		2034		2034		2034		2034		2034		2034

		2035		2035		2035		2035		2035		2035		2035		2035

		2036		2036		2036		2036		2036		2036		2036		2036

		2037		2037		2037		2037		2037		2037		2037		2037

		2038		2038		2038		2038		2038		2038		2038		2038

		2039		2039		2039		2039		2039		2039		2039		2039

		2040		2040		2040		2040		2040		2040		2040		2040

		2041		2041		2041		2041		2041		2041		2041		2041

		2042		2042		2042		2042		2042		2042		2042		2042

		2043		2043		2043		2043		2043		2043		2043		2043

		2044		2044		2044		2044		2044		2044		2044		2044

		2045		2045		2045		2045		2045		2045		2045		2045

		2046		2046		2046		2046		2046		2046		2046		2046

		2047		2047		2047		2047		2047		2047		2047		2047

		2048		2048		2048		2048		2048		2048		2048		2048

		2049		2049		2049		2049		2049		2049		2049		2049

		2050		2050		2050		2050		2050		2050		2050		2050



A1FI

A1B

A1T

A2

B1

B2

Max

Min

CO2 emissions from ships (million tons CO2 / yr) '

International shipping CO2 emission scenarios

630.1369359751

630.1369359751

630.1369359751

630.1369359751

630.1369359751

630.1369359751

630.1369359751

630.1369359751

635.4029264923

635.4029264923

635.4029264923

635.4029264923

635.4029264923

635.4029264923

635.4029264923

635.4029264923

642.8763776808

642.8763776808

642.8763776808

642.8763776808

642.8763776808

642.8763776808

642.8763776808

642.8763776808

687.3447420479

687.3447420479

687.3447420479

687.3447420479

687.3447420479

687.3447420479

687.3447420479

687.3447420479

734.9780199077

734.9780199077

734.9780199077

734.9780199077

734.9780199077

734.9780199077

734.9780199077

734.9780199077

773.7814550821

773.7814550821

773.7814550821

773.7814550821

773.7814550821

773.7814550821

773.7814550821

773.7814550821

816.122146513

816.122146513

816.122146513

816.122146513

816.122146513

816.122146513

816.122146513

816.122146513

847

847

847

847

847

847

847

847

894.6360613342

850.374408934

851.8324325725

848.0771645612

846.5564196999

845.653177736

852.5953002858

836.238889638

901.2242085366

856.8382557692

858.4147330651

850.4735735985

848.1146711181

844.5161172242

863.9146224144

819.8928226757

909.9756552497

865.5156868183

867.1949328921

854.5469063184

851.2530588054

844.8177830489

882.0880081885

804.1598968203

920.890401472

876.4067020782

878.1730320543

860.2971627198

855.9715827613

846.5581752087

907.1154576082

789.0327503104

933.9684472035

889.5113015496

891.3490305509

867.7243428034

862.2702429862

849.7372937047

938.9969706658

774.5040213838

949.2097924435

904.8294852334

906.7229283819

876.8284465688

870.1490394786

854.3551385361

977.7325473674

760.5663482775

966.6144371927

922.3612531303

924.2947255481

887.609474016

879.6079722412

860.4117097025

1023.322187713

747.2123692299

986.1823814519

942.106605238

944.0644220479

900.0674251454

890.6470412728

867.9070072051

1075.765891698

734.434722478

1007.913625221

964.065541558

966.0320178837

914.2022999571

903.2662465731

876.8410310428

1135.0636593286

722.2260462602

1031.8081684994

988.2380620896

990.1975130538

930.0140984505

917.4655881425

887.2137812167

1201.2154906033

710.5789788133

1057.8660112847

1014.6241668343

1016.5609075576

947.5028206262

933.2450659809

899.0252577256

1274.2213855173

699.4861583761

1086.0871535815

1043.2238557898

1045.1222013958

966.6684664837

950.6046800879

912.275460571

1354.0813440769

688.9402231855

1117.5532451421

1074.9243691841

1075.4275448016

987.1487112732

969.97160613

925.7194522214

1439.6506378803

673.0494915034

1149.0193367027

1107.063986337

1108.8384870777

1010.0305292458

990.0643171079

943.0920452675

1534.3634521189

669.4595614959

1183.7303775263

1142.3044279295

1143.9934789207

1034.2269461495

1012.1643400217

960.6584271196

1634.7856016075

660.5101114725

1220.6047178608

1179.7584537328

1181.3463700981

1060.1002867355

1035.8444992044

979.6635353068

1742.061814734

652.0780996463

1259.6423577029

1219.4260637484

1220.8971606106

1087.6505510033

1061.1047946559

1000.1073698301

1856.1920915075

644.1561642561

1300.8432970557

1261.3072579756

1262.6458504575

1116.8777389533

1087.9452263764

1021.9899306893

1977.1764319251

636.7369435388

1344.2075359162

1305.4020364159

1306.5924396389

1147.7818505851

1116.3657943655

1045.3112178828

2105.0148359806

629.8130757323

1389.7350742883

1351.710399067

1352.7369281554

1180.3628858991

1146.3664986233

1070.0712314131

2239.70730368

623.3771990742

1437.4259121687

1400.2323459305

1401.0793160063

1214.6208448954

1177.9473391505

1096.2699712782

2381.2538350235

617.4219518026

1487.2800495584

1450.9678770063

1451.6196031916

1250.5557275735

1211.108315946

1123.9074374798

2529.6544300111

611.9399721547

1539.2974864558

1503.9169922944

1504.3577897121

1288.1675339334

1245.8494290109

1152.9836300161

2684.9090886396

606.9238983683

1593.4782228647

1559.0796917933

1559.2938755662

1327.4562639751

1282.1706783445

1183.498548889

2847.0178109121

602.3663686818

1649.8222587828

1616.4559755045

1616.4278607563

1368.4219177006

1320.0720639471

1215.4521940973

3015.9805968286

598.2600213318

1708.3295942101

1676.0458434281

1675.75974528

1411.0644951063

1359.5535858187

1248.8445656406

3191.7974463861

594.5974945571

1769.0002291459

1737.849295564

1737.2895291389

1455.3839961951

1400.6152439594

1283.6756635201

3374.4683595814

591.3714265944

1831.8341635909

1801.8663319115

1801.0172123322

1501.3804209649

1443.2570383687

1319.9454877343

3563.9933364239

588.5744556823

1896.8313975458

1868.0969524706

1866.9427948607

1549.0537694177

1487.4789690467

1357.6540382854

3760.3723769165

586.1992200579

1963.9919310108

1936.541157242

1935.0662767228

1598.4040415519

1533.2810359933

1396.801315172

3963.605481044

584.2383579592

2033.3157639834

2007.1989462257

2005.38765792

1649.4312373679

1580.6632392093

1437.3873183932

4173.6926488154

582.6845076236

2104.8028964668

2080.070319421

2077.9069384517

1702.1353568666

1629.625578694

1479.412047951

4390.6338802309

581.5303072895

2178.4533284586

2155.1552768279

2152.6241183186

1756.5164000467

1680.1680544478

1522.8755038438

4614.4291752842

580.7683951937

2254.2670599603

2232.4538184471

2229.5391975198

1812.5743669097

1732.2906664702

1567.7776860724

4845.0785339847

580.3914095746

2332.2440909706

2311.9659442786

2308.6521760555

1870.3092574538

1785.993414762

1614.1185946365

5082.5819563292

580.3919886693

2412.3844214908

2393.6916543217

2389.9630539263

1929.7210716821

1841.2762993225

1661.8982295368

5326.9394423146

580.7627707162

2494.688051521

2477.6309485764

2473.4718311316

1990.8098095899

1898.1393201516

1711.1165907724

5578.150991944

581.4963939524

2579.1549810604

2563.7838270434

2559.1785076712

2053.575471181

1956.582477249

1761.7736783431

5836.2166052144

582.5854966161

2665.7852101068

2652.1502897235

2647.0830835453

2118.018056454

2016.6057706162

1813.86949225

6101.1362821227

584.0227169445

2754.5787386646

2742.7303366144

2737.1855587545

2184.1375654088

2078.2092002524

1867.404032492

6372.9100226811

585.8006931758

2845.5355667317

2835.5239677169

2829.4859332981

2251.9339980454

2141.3927661573

1922.3772990705

6651.5378268805

587.9120635472

2938.6556943079

2930.5311830317

2923.9842071769

2321.4073543638

2206.1564683312

1978.7892919845

6937.0196947239

590.3494662967

2988.8578939358

3028.6657800713

3020.2129603884

2392.1844747308

2272.9402641257

2035.3578194461

7228.1766437684

588.0000343474



Sheet1

		

						CO2 emissions for IMO Scenarios								million tons CO2

																														DATA FROM   Scenario summaries sheet

								Min		A1FI		A1B		A1T		A2		B1		B2		Max

						2000		758		758		758		758		758		758		758		758						Additional Scenario data																Curve data				MIN												Curve data				TECH												Curve data

						2001		764		764		764		764		764		764		764		764																								A1FI		A1B		A1T		A2		B1		B2						A1FI		A1B		A1T		A2		B1		B2

						2002		773		773		773		773		773		773		773		773						Present				1049.3929510127														Minimum demand, best efficiency		Minimum demand, best efficiency		Minimum demand, best efficiency		Minimum demand, best efficiency		Minimum demand, best efficiency		Minimum demand, best efficiency						Normal demand, best efficiency		Normal demand, best efficiency		Normal demand, best efficiency		Normal demand, best efficiency		Normal demand, best efficiency		Normal demand, best efficiency		Normal demand, best efficiency		Normal demand, best efficiency

						2003		827		827		827		827		827		827		827		827										Mid		Tech		Low								2000																2000

						2004		884		884		884		884		884		884		884		884						2020		A1FI		1291		1126		926								2001																2001

						2005		931		931		931		931		931		931		931		931								A1B		1293		1125		926								2002																2002

						2006		982		982		982		982		982		982		982		982								A1T		1294		1126		927								2003																2003

						2007		1019.0		1019.0		1019.0		1019.0		1019.0		1019.0		1019.0		1019.0								A2		1188		1045		890								2004																2004

						2008		1006.1		1076.3		1023.1		1024.8		1020.3		1018.5		1017.4		1025.7								B1		1167		1020		883								2005																2005

						2009		986.4		1084.2		1030.8		1032.7		1023.2		1020.3		1016.0		1039.3								B2		1114		984		865				|				2006																2006

						2010		967.5		1094.8		1041.3		1043.3		1028.1		1024.1		1016.4		1061.2																						2007		872		872		872		872		872		872				2007		872		872		872		872		872		872

						2011		949.3		1107.9		1054.4		1056.5		1035.0		1029.8		1018.5		1091.3						2050				Mid		Tech		Low								2008		861		861		861		859		858		857				2008		873		873		873		868		866		864

						2012		931.8		1123.6		1070.1		1072.4		1043.9		1037.4		1022.3		1129.7								A1FI		3596		1865		1059								2009		850		850		851		846		845		842				2009		874		874		874		864		861		857

						2013		915.0		1142.0		1088.6		1090.9		1054.9		1046.8		1027.8		1176.3								A1B		3644		1889		1065								2010		840		840		841		833		832		828				2010		876		875		876		862		856		850

						2014		898.9		1162.9		1109.7		1112.0		1067.9		1058.2		1035.1		1231.1								A1T		3634		1881		1057								2011		831		831		831		821		819		815				2011		879		878		878		859		853		844

						2015		883.6		1186.4		1133.4		1135.8		1082.8		1071.5		1044.2		1294.2								A2		2878		1544		967								2012		822		822		822		810		807		802				2012		882		881		882		858		849		838

						2016		868.9		1212.6		1159.8		1162.2		1099.8		1086.7		1054.9		1365.6								B1		2735		1481		939								2013		813		813		814		799		796		789				2013		886		885		886		857		847		834

						2017		854.9		1241.3		1188.9		1191.3		1118.9		1103.8		1067.4		1445.1								B2		2449		1339		897								2014		806		806		806		789		786		777				2014		891		890		891		856		845		829

						2018		841.5		1272.7		1220.7		1223.0		1139.9		1122.8		1081.6		1533.0																						2015		798		798		799		780		775		766				2015		897		896		896		857		844		826

						2019		828.8		1306.6		1255.1		1257.4		1163.0		1143.6		1097.5		1629.1																						2016		791		791		792		771		766		756				2016		903		902		903		858		843		823

						2020		809.7		1344.5		1293.2		1293.8		1187.6		1166.9		1113.7		1732.0																						2017		785		785		786		762		757		746				2017		910		909		910		859		843		821

						2021		805.4		1382.4		1331.9		1334.0		1215.1		1191.1		1134.6		1845.9																						2018		779		779		780		754		749		736				2018		918		917		918		862		844		819

						2022		794.6		1424.1		1374.3		1376.3		1244.2		1217.7		1155.7		1966.8																						2019		774		774		775		747		741		727				2019		926		926		926		865		846		818

						2023		784.5		1468.5		1419.3		1421.2		1275.4		1246.2		1178.6		2095.8																						2020		770		770		770		740		734		719				2020		936		935		936		868		848		818

						2024		775.0		1515.4		1467.1		1468.8		1308.5		1276.6		1203.2		2233.1																						2021		765		766		766		734		727		711				2021		946		945		946		873		851		819

						2025		766.0		1565.0		1517.4		1519.1		1343.7		1308.9		1229.5		2378.7																						2022		762		762		763		729		721		704				2022		956		956		957		878		855		820

						2026		757.7		1617.2		1570.5		1571.9		1380.9		1343.1		1257.6		2532.5																						2023		759		759		760		724		715		698				2023		968		968		968		883		859		821

						2027		750.0		1671.9		1626.2		1627.4		1420.1		1379.2		1287.4		2694.5																						2024		756		757		757		719		710		692				2024		980		980		981		890		864		824

						2028		742.8		1729.3		1684.6		1685.6		1461.3		1417.2		1318.9		2864.8																						2025		754		755		755		715		706		687				2025		993		994		994		896		869		827

						2029		736.2		1789.3		1745.6		1746.4		1504.5		1457.0		1352.1		3043.4																						2026		753		753		754		712		702		682				2026		1006		1008		1007		904		876		830

						2030		730.2		1851.9		1809.3		1809.8		1549.8		1498.8		1387.1		3230.1																						2027		752		753		753		709		699		678				2027		1021		1022		1022		912		883		835

						2031		724.7		1917.1		1875.7		1875.9		1597.0		1542.5		1423.8		3425.2																						2028		752		752		752		707		696		674				2028		1036		1038		1037		921		890		840

						2032		719.7		1984.9		1944.7		1944.7		1646.3		1588.1		1462.3		3628.4																						2029		752		753		752		705		694		671				2029		1051		1054		1053		931		899		845

						2033		715.3		2055.2		2016.4		2016.1		1697.6		1635.6		1502.4		3840.0																						2030		753		754		753		704		692		669				2030		1068		1071		1070		941		908		851

						2034		711.5		2128.2		2090.8		2090.1		1750.9		1685.0		1544.4		4059.7																						2031		754		755		754		704		691		667				2031		1085		1089		1088		952		917		858

						2035		708.1		2203.8		2167.8		2166.7		1806.3		1736.3		1588.0		4287.7																						2032		756		757		756		704		691		666				2032		1103		1107		1106		963		928		866

						2036		705.2		2282.0		2247.5		2246.1		1863.6		1789.5		1633.4		4524.0																						2033		758		759		758		705		691		665				2033		1122		1126		1125		976		939		874

						2037		702.9		2362.8		2329.8		2328.0		1923.0		1844.6		1680.4		4768.5																						2034		761		762		761		706		692		665				2034		1141		1147		1145		988		951		883

						2038		701.0		2446.2		2414.8		2412.6		1984.4		1901.6		1729.3		5021.2																						2035		764		766		764		708		693		666				2035		1161		1167		1166		1002		963		892

						2039		699.6		2532.2		2502.5		2499.9		2047.8		1960.6		1779.8		5282.2																						2036		768		770		768		710		695		667				2036		1182		1189		1187		1016		976		903

						2040		698.7		2620.8		2592.8		2589.8		2113.2		2021.4		1832.1		5551.5																						2037		773		775		773		713		697		669				2037		1204		1211		1209		1031		990		913

						2041		698.3		2712.0		2685.8		2682.3		2180.7		2084.1		1886.1		5829.0																						2038		778		780		778		717		700		671				2038		1226		1234		1232		1046		1004		925

						2042		698.3		2805.9		2781.5		2777.5		2250.1		2148.7		1941.9		6114.7																						2039		783		786		783		721		704		674				2039		1249		1258		1255		1062		1020		937

						2043		698.7		2902.3		2879.8		2875.3		2321.6		2215.2		1999.4		6408.7																						2040		790		792		789		726		708		678				2040		1273		1283		1279		1079		1035		950

						2044		699.6		3001.3		2980.8		2975.8		2395.1		2283.6		2058.6		6710.9																						2041		796		799		796		731		713		682				2041		1297		1308		1304		1097		1052		963

						2045		700.9		3102.9		3084.4		3078.9		2470.6		2353.9		2119.5		7021.4																						2042		803		806		803		737		718		686				2042		1323		1334		1330		1115		1069		977

						2046		702.6		3207.1		3190.7		3184.6		2548.1		2426.1		2182.2		7340.1																						2043		811		814		810		743		724		692				2043		1349		1361		1357		1133		1087		992

						2047		704.8		3314.0		3299.7		3293.0		2627.7		2500.2		2246.6		7667.1																						2044		819		823		818		750		730		698				2044		1375		1388		1384		1153		1106		1007

						2048		707.3		3423.4		3411.3		3404.1		2709.2		2576.2		2312.8		8002.3																						2045		828		832		827		758		737		704				2045		1403		1417		1412		1173		1125		1023

						2049		710.2		3535.4		3525.6		3517.8		2792.8		2654.2		2380.6		8345.7																						2046		838		841		836		766		745		711				2046		1431		1446		1441		1194		1145		1040

				588		2050		707.4		3595.8		3643.7		3633.5		2878.0		2734.5		2448.7		8696.0																						2047		848		852		846		775		753		719				2047		1460		1476		1470		1215		1165		1057

																																												2048		858		862		856		784		762		727				2048		1489		1506		1500		1237		1187		1075

						CO2 emissions for IMO Scenarios								million tons CO2																														2049		869		873		867		794		771		736				2049		1520		1538		1531		1260		1209		1094

						INTERNATIONAL SHIPPING						Factor		0.8312070658																														2050		880		885		878		804		781		745				2050		1551		1570		1563		1283		1231		1113

						2000		630		630		630		630		630		630		630		630																								1059.3670731911		1064.9569339963		1056.5172944086		967.3426723665		939.3456693308		896.5217883986

						2001		635		635		635		635		635		635		635		635

						2002		643		643		643		643		643		643		643		643

						2003		687		687		687		687		687		687		687		687

						2004		735		735		735		735		735		735		735		735

						2005		774		774		774		774		774		774		774		774

						2006		816		816		816		816		816		816		816		816

						2007		847		847		847		847		847		847		847		847

						2008		836		895		850		852		848		847		846		853

						2009		820		901		857		858		850		848		845		864

						2010		804		910		866		867		855		851		845		882

						2011		789		921		876		878		860		856		847		907

						2012		775		934		890		891		868		862		850		939

						2013		761		949		905		907		877		870		854		978

						2014		747		967		922		924		888		880		860		1023

						2015		734		986		942		944		900		891		868		1076

						2016		722		1008		964		966		914		903		877		1135

						2017		711		1032		988		990		930		917		887		1201

						2018		699		1058		1015		1017		948		933		899		1274

						2019		689		1086		1043		1045		967		951		912		1354

						2020		673		1118		1075		1075		987		970		926		1440

						2021		669		1149		1107		1109		1010		990		943		1534

						2022		661		1184		1142		1144		1034		1012		961		1635

						2023		652		1221		1180		1181		1060		1036		980		1742

						2024		644		1260		1219		1221		1088		1061		1000		1856

						2025		637		1301		1261		1263		1117		1088		1022		1977

						2026		630		1344		1305		1307		1148		1116		1045		2105

						2027		623		1390		1352		1353		1180		1146		1070		2240

						2028		617		1437		1400		1401		1215		1178		1096		2381

						2029		612		1487		1451		1452		1251		1211		1124		2530

						2030		607		1539		1504		1504		1288		1246		1153		2685

						2031		602		1593		1559		1559		1327		1282		1183		2847

						2032		598		1650		1616		1616		1368		1320		1215		3016

						2033		595		1708		1676		1676		1411		1360		1249		3192

						2034		591		1769		1738		1737		1455		1401		1284		3374

						2035		589		1832		1802		1801		1501		1443		1320		3564

						2036		586		1897		1868		1867		1549		1487		1358		3760

						2037		584		1964		1937		1935		1598		1533		1397		3964

						2038		583		2033		2007		2005		1649		1581		1437		4174

						2039		582		2105		2080		2078		1702		1630		1479		4391

						2040		581		2178		2155		2153		1757		1680		1523		4614

						2041		580		2254		2232		2230		1813		1732		1568		4845

						2042		580		2332		2312		2309		1870		1786		1614		5083

						2043		581		2412		2394		2390		1930		1841		1662		5327

						2044		581		2495		2478		2473		1991		1898		1711		5578

						2045		583		2579		2564		2559		2054		1957		1762		5836

						2046		584		2666		2652		2647		2118		2017		1814		6101

						2047		586		2755		2743		2737		2184		2078		1867		6373

						2048		588		2846		2836		2829		2252		2141		1922		6652

						2049		590		2939		2931		2924		2321		2206		1979		6937

						2050		588		2989		3029		3020		2392		2273		2035		7228





Sheet1

		



A1FI

A1B

A1T

A2

B1

B2

Max

Min

CO2 emissions from ships (million tons CO2 / yr) '

Scenarios for CO2 emissions from ships from 2007 to 2050   in the absence of additional climate policies



Sheet2

		B2		B2		B2		B2

		B1		B1		B1		B1

		A2		A2		A2		A2

		A1T		A1T		A1T		A1T

		A1B		A1B		A1B		A1B

		A1FI		A1FI		A1FI		A1FI



588

1314.8212988389

232.8048051846

2271.8152385597

616

1487.8572691718

239.4940556565

2737.5373646937

637

1556.7025387058

198.5113965249

3033.91570126

688

1980.3749968544

352.2314800838

4320.2538278871

693

1987.5390848074

348.3794627883

4315.0474023312

692

1956.3172320903

340.7033763493

4238.9882099073



Sheet3

		



A1FI

Minimum demand, best efficiency

Normal demand, best efficiency

CO2 emissions from ships (million tons CO2 / yr) '



		2000		2000		2000

		2001		2001		2001

		2002		2002		2002

		2003		2003		2003

		2004		2004		2004

		2005		2005		2005

		2006		2006		2006

		2007		2007		2007

		2008		2008		2008

		2009		2009		2009

		2010		2010		2010

		2011		2011		2011

		2012		2012		2012

		2013		2013		2013

		2014		2014		2014

		2015		2015		2015

		2016		2016		2016

		2017		2017		2017

		2018		2018		2018

		2019		2019		2019

		2020		2020		2020

		2021		2021		2021

		2022		2022		2022

		2023		2023		2023

		2024		2024		2024

		2025		2025		2025

		2026		2026		2026

		2027		2027		2027

		2028		2028		2028

		2029		2029		2029

		2030		2030		2030

		2031		2031		2031

		2032		2032		2032

		2033		2033		2033

		2034		2034		2034

		2035		2035		2035

		2036		2036		2036

		2037		2037		2037

		2038		2038		2038

		2039		2039		2039

		2040		2040		2040

		2041		2041		2041

		2042		2042		2042

		2043		2043		2043

		2044		2044		2044

		2045		2045		2045

		2046		2046		2046

		2047		2047		2047

		2048		2048		2048

		2049		2049		2049

		2050		2050		2050



A1B

Minimum demand, best efficiency

Normal demand, best efficiency

CO2 emissions from ships (million tons CO2 / yr) '

630.1369359751

635.4029264923

642.8763776808

687.3447420479

734.9780199077

773.7814550821

816.122146513

847

872.2443491591

872.2628356308

850.374408934

861.0760331645

872.5137000639

856.8382557692

850.4538674245

873.5674440359

865.5156868183

840.3778519392

875.3799402505

876.4067020782

830.8479867085

877.9511887068

889.5113015496

821.8642717331

881.2811894049

904.8294852334

813.4267070121

885.3699423454

922.3612531303

805.5352925461

890.2174475275

942.106605238

798.1900283345

895.8237049519

964.065541558

791.3909143778

902.1887146183

988.2380620896

785.1379506757

909.3124765268

1014.6241668343

779.4311372285

917.194990677

1043.2238557898

774.2704740359

925.8362570696

1074.9243691841

769.6559610983

935.280976938

1107.063986337

765.5875984154

945.3950465799

1142.3044279295

762.0653859873

956.3125696985

1179.7584537328

759.0893238139

967.9888450587

1219.4260637484

756.6594118951

980.4238726612

1261.3072579756

754.7756502311

993.6176525057

1305.4020364159

753.4380388222

1007.570184592

1351.710399067

752.6465776678

1022.2814689205

1400.2323459305

752.4012667682

1037.7515054903

1450.9678770063

752.7021061232

1053.9802943029

1503.9169922944

753.5490957332

1070.9678353572

1559.0796917933

754.9422355978

1088.7141286537

1616.4559755045

756.8815257171

1107.2191741919

1676.0458434281

759.3669660914

1126.4829719725

1737.849295564

762.3985567203

1146.5055219948

1801.8663319115

765.9762976039

1167.2868242595

1868.0969524706

770.1001887427

1188.8268787656

1936.541157242

774.770230136

1211.1256855137

2007.1989462257

779.9864217839

1234.1832445043

2080.070319421

785.7487636868

1257.9995557367

2155.1552768279

792.0572558442

1282.5746192112

2232.4538184471

798.9118982564

1307.9084349276

2311.9659442786

806.3126909235

1334.001002886

2393.6916543217

814.2596338452

1360.8523230864

2477.6309485764

822.7527270217

1388.4623955285

2563.7838270434

831.7919704532

1416.8312202131

2652.1502897235

841.3773641392

1445.9587971393

2742.7303366144

851.50890808

1475.8451263078

2835.5239677169

862.1866022755

1506.4902077183

2930.5311830317

873.4104467258

1537.8940413708

3028.6657800713

885.180441431

1570.0566272652



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



A1T

Minimum demand, best efficiency

Normal demand, best efficiency

CO2 emissions from ships (million tons CO2 / yr) '

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		



A2

Minimum demand, best efficiency

Normal demand, best efficiency

CO2 emissions from ships (million tons CO2 / yr) '



		2000		2000		2000

		2001		2001		2001

		2002		2002		2002

		2003		2003		2003

		2004		2004		2004

		2005		2005		2005

		2006		2006		2006

		2007		2007		2007

		2008		2008		2008

		2009		2009		2009

		2010		2010		2010

		2011		2011		2011

		2012		2012		2012

		2013		2013		2013

		2014		2014		2014

		2015		2015		2015

		2016		2016		2016

		2017		2017		2017

		2018		2018		2018

		2019		2019		2019

		2020		2020		2020

		2021		2021		2021

		2022		2022		2022

		2023		2023		2023

		2024		2024		2024

		2025		2025		2025

		2026		2026		2026

		2027		2027		2027

		2028		2028		2028

		2029		2029		2029

		2030		2030		2030

		2031		2031		2031

		2032		2032		2032

		2033		2033		2033

		2034		2034		2034

		2035		2035		2035

		2036		2036		2036

		2037		2037		2037

		2038		2038		2038

		2039		2039		2039

		2040		2040		2040

		2041		2041		2041

		2042		2042		2042

		2043		2043		2043

		2044		2044		2044

		2045		2045		2045

		2046		2046		2046

		2047		2047		2047

		2048		2048		2048

		2049		2049		2049

		2050		2050		2050



B1

Minimum demand, best efficiency

Normal demand, best efficiency

CO2 emissions from ships (million tons CO2 / yr) '

630.1369359751

635.4029264923

642.8763776808

687.3447420479

734.9780199077

773.7814550821

816.122146513

847

872.1241494694

872.2628356308

846.5564196999

858.0526856161

864.0647030864

848.1146711181

844.5499868345

856.6631126271

851.2530588054

831.6160531246

849.9115500317

855.9715827613

819.2508844863

843.8100153008

862.2702429862

807.4544809201

838.3585084333

870.1490394786

796.226842425

833.5570294304

879.6079722412

785.5679690016

829.4055782921

890.6470412728

775.4778606496

825.9041550175

903.2662465731

765.9565173699

823.0527596069

917.4655881425

757.0039391613

820.8513920611

933.2450659809

748.6201260246

819.3000523791

950.6046800879

740.8050779593

818.398740561

969.97160613

733.5587949657

818.29587515

990.0643171079

726.881277044

818.5462005181

1012.1643400217

720.7725241937

819.5949722932

1035.8444992044

715.2325364149

821.293771932

1061.1047946559

710.2613137078

823.6425994351

1087.9452263764

705.8588560726

826.6414548028

1116.3657943655

702.0251635092

830.290338034

1146.3664986233

698.7602360171

834.5892491295

1177.9473391505

696.0640735967

839.5381880896

1211.108315946

693.9366762478

845.1371549136

1245.8494290109

692.3780439705

851.3861496017

1282.1706783445

691.3881767653

858.2851721543

1320.0720639471

690.9670746314

865.8342225706

1359.5535858187

691.1147375691

874.0333008517

1400.6152439594

691.8311655784

882.8824069965

1443.2570383687

693.1163586594

892.3815410056

1487.4789690467

694.9703168124

902.5307028791

1533.2810359933

697.3930400366

913.3298926165

1580.6632392093

700.3845283326

924.779110218

1629.625578694

703.9447817001

936.878355684

1680.1680544478

708.0738001392

949.6276290139

1732.2906664702

712.7715836505

963.026930208

1785.993414762

718.0381322331

977.0762592666

1841.2762993225

723.8734458872

991.775616189

1898.1393201516

730.2775246128

1007.1250009762

1956.582477249

737.2503684102

1023.1244136268

2016.6057706162

744.7919772797

1039.7738541417

2078.2092002524

752.9023512202

1057.0733225213

2141.3927661573

761.5814902325

1075.0228187647

2206.1564683312

770.8293943164

1093.6223428722

2272.9402641257

780.646063472

1112.8718948444



		



A1FI

A1B

A1T

A2

B1

B2

Max

Min

CO2 emissions from ships (million tons CO2 / yr) '

International shipping CO2 emission scenarios



		B2		B2		B2		B2

		B1		B1		B1		B1

		A2		A2		A2		A2

		A1T		A1T		A1T		A1T

		A1B		A1B		A1B		A1B

		A1FI		A1FI		A1FI		A1FI



588

1314.8212988389

232.8048051846

2271.8152385597

616

1487.8572691718

239.4940556565

2737.5373646937

637

1556.7025387058

198.5113965249

3033.91570126

688

1980.3749968544

352.2314800838

4320.2538278871

693

1987.5390848074

348.3794627883

4315.0474023312

692

1956.3172320903

340.7033763493

4238.9882099073



		



A1FI

A1B

A1T

A2

B1

B2

Max

Min

CO2 emissions from ships (million tons CO2 / yr) '

Scenarios for CO2 emissions from International Shipping from 2007 to 2050  in the absence of climate policies



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



B2

Minimum demand, best efficiency

Normal demand, best efficiency

CO2 emissions from ships (million tons CO2 / yr) '
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A1FI

A1B

A1T

A2

B1

B2

CO2 emissions from ships (million tons CO2 / yr) '

CO2



		

						DATA FROM   Scenario summaries sheet

				Additional Scenario data																Curve data				MIN												Curve data				TECH												Curve data

				Present				1049.3929510127														A1FI		A1B		A1T		A2		B1		B2						A1FI		A1B		A1T		A2		B1		B2

								Mid		Tech		Low								2007		1049		1049		1049		1050		1049		1050				2007		1049		1049		1049		1049		1049		1049

				2020		A1FI		1291		1126		926								2008		1036		1036		1036		1033		1032		1031				2008		1050		1050		1050		1044		1042		1040

						A1B		1293		1125		926								2009		1023		1023		1023		1018		1016		1013				2009		1052		1051		1051		1040		1036		1031

						A1T		1294		1126		927								2010		1011		1011		1011		1003		1000		996				2010		1054		1053		1053		1037		1030		1023

						A2		1188		1045		890								2011		1000		1000		1000		988		986		980				2011		1057		1056		1057		1034		1026		1015

						B1		1167		1020		883								2012		989		989		989		975		971		964				2012		1061		1060		1061		1032		1022		1009

						B2		1114		984		865				|				2013		979		979		979		962		958		949				2013		1066		1065		1066		1031		1019		1003

																				2014		969		969		970		950		945		935				2014		1072		1071		1072		1030		1017		998

				2050				Mid		Tech		Low								2015		960		960		961		938		933		922				2015		1079		1078		1078		1031		1015		994

						A1FI		3596		1865		1059								2016		952		952		953		927		921		909				2016		1087		1085		1086		1032		1014		990

						A1B		3644		1889		1065								2017		945		945		945		917		911		897				2017		1095		1094		1095		1034		1015		988

						A1T		3634		1881		1057								2018		938		938		939		908		901		886				2018		1104		1103		1104		1037		1016		986

						A2		2878		1544		967								2019		931		932		932		899		891		875				2019		1115		1114		1114		1040		1018		985

						B1		2735		1481		939								2020		926		926		927		891		883		865				2020		1126		1125		1126		1045		1020		984

						B2		2449		1339		897								2021		921		921		922		883		874		856				2021		1138		1137		1138		1050		1024		985

																				2022		917		917		917		877		867		847				2022		1151		1151		1151		1056		1028		986

																				2023		913		913		914		870		860		839				2023		1164		1165		1165		1063		1033		988

																				2024		910		910		911		865		854		832				2024		1179		1180		1180		1070		1039		991

																				2025		908		908		908		860		849		826				2025		1194		1195		1195		1079		1046		995

																				2026		906		906		907		857		845		820				2026		1211		1212		1212		1088		1053		999

																				2027		905		905		906		853		841		815				2027		1228		1230		1230		1098		1062		1004

																				2028		904		905		905		851		837		811				2028		1246		1248		1248		1108		1071		1010

																				2029		905		906		905		849		835		807				2029		1265		1268		1267		1120		1081		1017

																				2030		905		907		906		848		833		805				2030		1285		1288		1288		1132		1092		1024

																				2031		907		908		907		847		832		802				2031		1306		1310		1309		1145		1104		1033

																				2032		909		911		910		847		831		801				2032		1327		1332		1331		1159		1116		1042

																				2033		912		914		912		848		831		800				2033		1350		1355		1354		1174		1129		1052

																				2034		915		917		916		850		832		800				2034		1373		1379		1377		1189		1144		1062

																				2035		920		922		920		852		834		801				2035		1397		1404		1402		1205		1159		1074

																				2036		924		926		924		855		836		802				2036		1422		1430		1428		1222		1174		1086

																				2037		930		932		930		858		839		805				2037		1448		1457		1454		1240		1191		1099

																				2038		936		938		935		863		843		807				2038		1475		1485		1482		1259		1208		1113

																				2039		943		945		942		867		847		811				2039		1503		1513		1510		1278		1227		1127

																				2040		950		953		949		873		852		815				2040		1531		1543		1539		1298		1246		1142

																				2041		958		961		957		879		858		820				2041		1561		1574		1569		1319		1266		1159

																				2042		967		970		966		887		864		826				2042		1591		1605		1600		1341		1286		1175

																				2043		976		980		975		894		871		832				2043		1622		1637		1632		1364		1308		1193

																				2044		986		990		984		903		879		839				2044		1655		1670		1665		1387		1330		1212

																				2045		996		1001		995		912		887		847				2045		1688		1705		1699		1411		1353		1231

																				2046		1008		1012		1006		922		896		856				2046		1721		1740		1733		1436		1377		1251

																				2047		1020		1024		1018		932		906		865				2047		1756		1776		1769		1462		1402		1272

																				2048		1032		1037		1030		943		916		875				2048		1792		1812		1805		1488		1428		1293

																				2049		1045		1051		1043		955		927		885				2049		1828		1850		1842		1516		1454		1316

																				2050		1059		1065		1057		968		939		897				2050		1865		1889		1881		1544		1481		1339

																						1059.3670731911		1064.9569339963		1056.5172944086		967.3426723665		939.3456693308		896.5217883986
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Sheet1

		

						CO2 emissions for IMO Scenarios								million tons CO2

																														DATA FROM   Scenario summaries sheet

								Min		A1FI		A1B		A1T		A2		B1		B2		Max

						2000		758		758		758		758		758		758		758		758						Additional Scenario data																Curve data				MIN												Curve data				TECH												Curve data

						2001		764		764		764		764		764		764		764		764																								A1FI		A1B		A1T		A2		B1		B2						A1FI		A1B		A1T		A2		B1		B2

						2002		773		773		773		773		773		773		773		773						Present				1049.3929510127														Minimum demand, best efficiency		Minimum demand, best efficiency		Minimum demand, best efficiency		Minimum demand, best efficiency		Minimum demand, best efficiency		Minimum demand, best efficiency						Normal demand, best efficiency		Normal demand, best efficiency		Normal demand, best efficiency		Normal demand, best efficiency		Normal demand, best efficiency		Normal demand, best efficiency		Normal demand, best efficiency		Normal demand, best efficiency

						2003		827		827		827		827		827		827		827		827										Mid		Tech		Low								2000																2000

						2004		884		884		884		884		884		884		884		884						2020		A1FI		1291		1126		926								2001																2001

						2005		931		931		931		931		931		931		931		931								A1B		1293		1125		926								2002																2002

						2006		982		982		982		982		982		982		982		982								A1T		1294		1126		927								2003																2003

						2007		1019.0		1019.0		1019.0		1019.0		1019.0		1019.0		1019.0		1019.0								A2		1188		1045		890								2004																2004

						2008		1006.1		1076.3		1023.1		1024.8		1020.3		1018.5		1017.4		1025.7								B1		1167		1020		883								2005																2005

						2009		986.4		1084.2		1030.8		1032.7		1023.2		1020.3		1016.0		1039.3								B2		1114		984		865				|				2006																2006

						2010		967.5		1094.8		1041.3		1043.3		1028.1		1024.1		1016.4		1061.2																						2007		872		872		872		872		872		872				2007		872		872		872		872		872		872

						2011		949.3		1107.9		1054.4		1056.5		1035.0		1029.8		1018.5		1091.3						2050				Mid		Tech		Low								2008		861		861		861		859		858		857				2008		873		873		873		868		866		864

						2012		931.8		1123.6		1070.1		1072.4		1043.9		1037.4		1022.3		1129.7								A1FI		3596		1865		1059								2009		850		850		851		846		845		842				2009		874		874		874		864		861		857

						2013		915.0		1142.0		1088.6		1090.9		1054.9		1046.8		1027.8		1176.3								A1B		3644		1889		1065								2010		840		840		841		833		832		828				2010		876		875		876		862		856		850
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1506.4902077183

2930.5311830317

873.4104467258

1537.8940413708

3028.6657800713

885.180441431

1570.0566272652
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A1T

Minimum demand, best efficiency

Normal demand, best efficiency

CO2 emissions from ships (million tons CO2 / yr) '
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A2

Minimum demand, best efficiency

Normal demand, best efficiency

CO2 emissions from ships (million tons CO2 / yr) '
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		2003		2003		2003

		2004		2004		2004

		2005		2005		2005
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		2007		2007		2007

		2008		2008		2008

		2009		2009		2009

		2010		2010		2010

		2011		2011		2011

		2012		2012		2012

		2013		2013		2013

		2014		2014		2014

		2015		2015		2015
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		2030		2030		2030

		2031		2031		2031

		2032		2032		2032

		2033		2033		2033

		2034		2034		2034

		2035		2035		2035

		2036		2036		2036

		2037		2037		2037

		2038		2038		2038

		2039		2039		2039

		2040		2040		2040

		2041		2041		2041

		2042		2042		2042

		2043		2043		2043

		2044		2044		2044

		2045		2045		2045

		2046		2046		2046

		2047		2047		2047

		2048		2048		2048

		2049		2049		2049

		2050		2050		2050



B1

Minimum demand, best efficiency

Normal demand, best efficiency

CO2 emissions from ships (million tons CO2 / yr) '

630.1369359751

635.4029264923

642.8763776808

687.3447420479

734.9780199077

773.7814550821

816.122146513

847

872.1241494694

872.2628356308

846.5564196999

858.0526856161

864.0647030864

848.1146711181

844.5499868345

856.6631126271

851.2530588054

831.6160531246

849.9115500317

855.9715827613

819.2508844863

843.8100153008

862.2702429862

807.4544809201

838.3585084333

870.1490394786

796.226842425

833.5570294304

879.6079722412

785.5679690016

829.4055782921

890.6470412728

775.4778606496

825.9041550175

903.2662465731

765.9565173699

823.0527596069

917.4655881425

757.0039391613

820.8513920611

933.2450659809

748.6201260246

819.3000523791

950.6046800879

740.8050779593

818.398740561

969.97160613

733.5587949657

818.29587515

990.0643171079

726.881277044

818.5462005181

1012.1643400217

720.7725241937

819.5949722932

1035.8444992044

715.2325364149

821.293771932

1061.1047946559

710.2613137078

823.6425994351

1087.9452263764

705.8588560726

826.6414548028

1116.3657943655

702.0251635092

830.290338034

1146.3664986233

698.7602360171

834.5892491295

1177.9473391505

696.0640735967

839.5381880896

1211.108315946

693.9366762478

845.1371549136

1245.8494290109

692.3780439705

851.3861496017

1282.1706783445

691.3881767653

858.2851721543

1320.0720639471

690.9670746314

865.8342225706

1359.5535858187

691.1147375691

874.0333008517

1400.6152439594

691.8311655784

882.8824069965

1443.2570383687

693.1163586594

892.3815410056

1487.4789690467

694.9703168124

902.5307028791

1533.2810359933

697.3930400366

913.3298926165

1580.6632392093

700.3845283326

924.779110218

1629.625578694

703.9447817001

936.878355684

1680.1680544478

708.0738001392

949.6276290139

1732.2906664702

712.7715836505

963.026930208

1785.993414762

718.0381322331

977.0762592666

1841.2762993225

723.8734458872

991.775616189

1898.1393201516

730.2775246128

1007.1250009762

1956.582477249

737.2503684102

1023.1244136268

2016.6057706162

744.7919772797

1039.7738541417

2078.2092002524

752.9023512202

1057.0733225213

2141.3927661573

761.5814902325

1075.0228187647

2206.1564683312

770.8293943164

1093.6223428722

2272.9402641257

780.646063472

1112.8718948444



		



A1FI

A1B

A1T

A2

B1

B2

Max

Min

CO2 emissions from ships (million tons CO2 / yr) '

International shipping CO2 emission scenarios



		B2		B2		B2		B2

		B1		B1		B1		B1

		A2		A2		A2		A2

		A1T		A1T		A1T		A1T

		A1B		A1B		A1B		A1B

		A1FI		A1FI		A1FI		A1FI



588

1314.8212988389

232.8048051846

2271.8152385597

616

1487.8572691718

239.4940556565

2737.5373646937

637

1556.7025387058

198.5113965249

3033.91570126

688

1980.3749968544

352.2314800838

4320.2538278871

693

1987.5390848074

348.3794627883

4315.0474023312

692

1956.3172320903

340.7033763493

4238.9882099073



		



A1FI

A1B

A1T

A2

B1

B2

Max

Min

CO2 emissions from ships (million tons CO2 / yr) '

Scenarios for CO2 emissions from International Shipping from 2007 to 2050  in the absence of climate policies
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B2

Minimum demand, best efficiency

Normal demand, best efficiency

CO2 emissions from ships (million tons CO2 / yr) '
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A1FI

A1B

A1T

A2

B1

B2

CO2 emissions from ships (million tons CO2 / yr) '

CO2



		

						DATA FROM   Scenario summaries sheet

				Additional Scenario data																Curve data				MIN												Curve data				TECH												Curve data

				Present				1049.3929510127														A1FI		A1B		A1T		A2		B1		B2						A1FI		A1B		A1T		A2		B1		B2

								Mid		Tech		Low								2007		1049		1049		1049		1050		1049		1050				2007		1049		1049		1049		1049		1049		1049

				2020		A1FI		1291		1126		926								2008		1036		1036		1036		1033		1032		1031				2008		1050		1050		1050		1044		1042		1040

						A1B		1293		1125		926								2009		1023		1023		1023		1018		1016		1013				2009		1052		1051		1051		1040		1036		1031

						A1T		1294		1126		927								2010		1011		1011		1011		1003		1000		996				2010		1054		1053		1053		1037		1030		1023

						A2		1188		1045		890								2011		1000		1000		1000		988		986		980				2011		1057		1056		1057		1034		1026		1015

						B1		1167		1020		883								2012		989		989		989		975		971		964				2012		1061		1060		1061		1032		1022		1009

						B2		1114		984		865				|				2013		979		979		979		962		958		949				2013		1066		1065		1066		1031		1019		1003

																				2014		969		969		970		950		945		935				2014		1072		1071		1072		1030		1017		998

				2050				Mid		Tech		Low								2015		960		960		961		938		933		922				2015		1079		1078		1078		1031		1015		994

						A1FI		3596		1865		1059								2016		952		952		953		927		921		909				2016		1087		1085		1086		1032		1014		990

						A1B		3644		1889		1065								2017		945		945		945		917		911		897				2017		1095		1094		1095		1034		1015		988

						A1T		3634		1881		1057								2018		938		938		939		908		901		886				2018		1104		1103		1104		1037		1016		986

						A2		2878		1544		967								2019		931		932		932		899		891		875				2019		1115		1114		1114		1040		1018		985

						B1		2735		1481		939								2020		926		926		927		891		883		865				2020		1126		1125		1126		1045		1020		984

						B2		2449		1339		897								2021		921		921		922		883		874		856				2021		1138		1137		1138		1050		1024		985

																				2022		917		917		917		877		867		847				2022		1151		1151		1151		1056		1028		986

																				2023		913		913		914		870		860		839				2023		1164		1165		1165		1063		1033		988

																				2024		910		910		911		865		854		832				2024		1179		1180		1180		1070		1039		991

																				2025		908		908		908		860		849		826				2025		1194		1195		1195		1079		1046		995

																				2026		906		906		907		857		845		820				2026		1211		1212		1212		1088		1053		999

																				2027		905		905		906		853		841		815				2027		1228		1230		1230		1098		1062		1004

																				2028		904		905		905		851		837		811				2028		1246		1248		1248		1108		1071		1010

																				2029		905		906		905		849		835		807				2029		1265		1268		1267		1120		1081		1017

																				2030		905		907		906		848		833		805				2030		1285		1288		1288		1132		1092		1024

																				2031		907		908		907		847		832		802				2031		1306		1310		1309		1145		1104		1033

																				2032		909		911		910		847		831		801				2032		1327		1332		1331		1159		1116		1042

																				2033		912		914		912		848		831		800				2033		1350		1355		1354		1174		1129		1052

																				2034		915		917		916		850		832		800				2034		1373		1379		1377		1189		1144		1062

																				2035		920		922		920		852		834		801				2035		1397		1404		1402		1205		1159		1074

																				2036		924		926		924		855		836		802				2036		1422		1430		1428		1222		1174		1086

																				2037		930		932		930		858		839		805				2037		1448		1457		1454		1240		1191		1099

																				2038		936		938		935		863		843		807				2038		1475		1485		1482		1259		1208		1113

																				2039		943		945		942		867		847		811				2039		1503		1513		1510		1278		1227		1127

																				2040		950		953		949		873		852		815				2040		1531		1543		1539		1298		1246		1142

																				2041		958		961		957		879		858		820				2041		1561		1574		1569		1319		1266		1159

																				2042		967		970		966		887		864		826				2042		1591		1605		1600		1341		1286		1175

																				2043		976		980		975		894		871		832				2043		1622		1637		1632		1364		1308		1193

																				2044		986		990		984		903		879		839				2044		1655		1670		1665		1387		1330		1212

																				2045		996		1001		995		912		887		847				2045		1688		1705		1699		1411		1353		1231

																				2046		1008		1012		1006		922		896		856				2046		1721		1740		1733		1436		1377		1251

																				2047		1020		1024		1018		932		906		865				2047		1756		1776		1769		1462		1402		1272

																				2048		1032		1037		1030		943		916		875				2048		1792		1812		1805		1488		1428		1293

																				2049		1045		1051		1043		955		927		885				2049		1828		1850		1842		1516		1454		1316

																				2050		1059		1065		1057		968		939		897				2050		1865		1889		1881		1544		1481		1339

																						1059.3670731911		1064.9569339963		1056.5172944086		967.3426723665		939.3456693308		896.5217883986





		










