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Comparison with previous reports

Reports Published
Estimated 

Emissions

Int’l Shipping % of Global 

CO2 emissions

Future

Scenario

2050 BAU

Projection

First 2000 1996 1.8% (1996) - -

Second 2009 1990 – 2007 2.7% (2007) 2007 – 2050 200 – 300%

Third 2014 2007 – 2012 2.2% (2012) 2012 – 2050 50 – 250%

Fourth 2020 2012 – 2018 2.5% (2018) 2018 – 2050 90 – 130%
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Objective

To develop an accurate estimate of historical emissions of international shipping and state-of-the-art 

projections of future emissions

- Inventory of GHG emissions from international shipping 2012 – 2018

- Scenarios of future international shipping emissions 2018 – 2050

Scope

Global emissions of GHGs and relevant substances from ships of 100 GT and above engaged in both 

domestic and international voyages

- 6 GHGs : CO2, CH4, N2O, HFCs, PFCs, SF6 

• CO2-eq : 100-year GWPs (CO2 – 1, CH4 – 28, N2O – 265) from IPCC AR5

- Relevant substances : NOx, NMVOCs, CO, PM, SOx, BC
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Methodology

Bottom-up : Vessel’s operation activity

1. Fuel-based (CO2, SOx, BC)

EMi = FCi  EFf

EMi : Hourly emissions (g pollutant/h)

FCi : Hourly fuel consumption (g fuel/h)

EFf : Fuel-based emission factor (g pollutant/g fuel)

2. Energy-based (NOx, CH4, CO, N2O, PM, NMVOC)

EMi = Wi  EFe

EMi : Hourly emissions (g pollutant / h)

Wi : Engine/Boiler power output (kW)

EFe : Energy-based emission factor (g pollutant/kWh)

Top-down : Fuel sales statistics

- Fuel sales data from IEA

Fuel sales for marine sectors x EF for each fuel type 
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Split between domestic and international shipping

Voyage-based Int’l shipping

- Voyage-based allocation is newly taken from 4th GHG Study

- International emissions as those which occurred on a voyage between two ports in different 

countries = based on Actual ship’s voyage

Vessel-based Int’l shipping

- Vessel-based allocation is taken from 3th GHG Study

- International emissions as shipping between ports of different countries = based on ship’s 

registered navigation area  
* Same ship may frequently be engaged in both international and domestic shipping operations

Vessel-based

(Third Study)
Voyage-based

(Forth Study)
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Shipping CO2 emission 2012 – 2018

Total shipping : 962 million tCO2 in 2012 to 1,056 million tCO2 in 2018 (9.3% increase)

- Total shipping : Domestic + International + Fishing 

Voyage-based Int’l shipping : 701 million tCO2 in 2012 to 740 million tCO2 in 2018 (5.6% increase)

Vessel-based Int’l shipping : 848 million tCO2 in 2012 to 919 million tCO2 in 2018 (8.4% increase)

Year

Global CO2 

emissions

(million tonnes)

Total Shipping 

CO2

(million tonnes)

Total Shipping

% of Global

Voyage-based Int’l

Shipping CO2

(million tonnes)

Voyage-based

Int’l shipping

% of Global

Vessel-based

Int’l Shipping CO2

(million tonnes)

Vessel-based

Int’l Shipping

% of Global

2012 34,793 962 2.76% 701 2.01% 848 2.44%

2013 34,959 957 2.74% 684 1.96% 837 2.39%

2014 35,225 964 2.74% 681 1.93% 846 2.37%

2015 35,239 991 2.81% 700 1.99% 859 2.44%

2016 35,380 1,026 2.90% 727 2.05% 894 2.53%

2017 35,810 1,064 2.97% 746 2.08% 929 2.59%

2018 36,573 1,056 2.89% 740 2.02% 919 2.51%

Shipping GHG emission 2012 – 2018

Total shipping : 977 million tCO2e in 2012 to 1,076 million tCO2e in 2018 (9.6% increase)

- Total shipping : Domestic + International + Fishing 
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HFO-eq fuel consumption per ship type 

Dominant Ship Types : Containers, Bulk carriers and Oil tankers

Dominant Fuel Type : HFO (79% of total fuel consumption in 2018)

- However, during the period of 2012 – 2018, a significant change in the fuel mix has occurred

- Share changed during 2012 – 2018 : HFO 7% , MDO 6% , LNG 0.9% 

- Methanol was used 130,000 tonnes in 2018 and became the fourth most significant fuel
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GHG emissions per operational phase

Chemical tankers and Oil tankers

- Relatively large emissions portion of phases at or 

near the port or terminal (20% more)

Containers, Cruise ships and Oil tankers

- Relatively small emissions portion of cruising due to 

dominance of slow cruising

Liquefied gas and Oher liquids tankers

- Relatively large emissions portion of cruising
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Operating Speed Trends

Operating speeds remain key driver in emissions and are susceptible to market forces

- Decoupling in the rate of increase in installed power and fuel consumption

• Average ship sizes and installed power increased

• Average fuel consumption increased, but lower rate than increase in average installed power

• Decoupling is the consequence of continued reduction in operating speeds and the 

average number of days at sea
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Emissions both GHG and Air Pollutants

CH4 increased 150% over the period due to increase in consumption of LNG 

SOx and PM increased in spite of reduction in HFO and increase in MDO and LNG

- Average sulfur content increase in HFO exceeds sulfur content reduction by fuel change

NOx has lower increase rates due to Tier II and III regulations but the overall trend increased

* 100-year GWPs : CO2 – 1, CH4 – 28, N2O – 265, BC – 900 
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Carbon Intensity of international shipping

4 metrics of carbon intensity

- Energy Efficiency Operational Indicator (EEOI, g CO2/tnm)

- Annual Efficiency Ratio (AER, g CO2/dwtnm)

- Distance (DIST, kg CO2/nm)

- Time (TIME, tCO2/hr)

Analysis methodologies

- Allocation : Vessel-based and Voyage-based

- Percentage changes : Overall (aggregated data) and Individual (regression fit)
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Percentage changes of Overall Carbon Intensity 

EEOI & AER kept decreasing (improving) between 2012 – 2018 

- Reduction rate (voyage-based) : -29% (EEOI) and -21% (AER) in 2018 compared with 2008

DIST & TIME have increasing trend (worsening) between 2012 – 2018 

- Reduction rate (voyage-based) : 15% (DIST) and 9% (TIME) in 2018 compared with 2008

- Increasing average ship size = Increasing CO2 emissions

- TIME has lower increasing trend due to speed reduction 
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Percentage changes of Individual Carbon Intensity 

EEOI & AER kept going down (improving) but narrowed down compared to overall carbon intensity 

- Reduction rate (voyage-based) : -17% (EEOI) and -9% (AER) in 2018 compared with 2008

- No contribution of scale economy

DIST & TIME kept going down (improving) between 2012 – 2018 

- Reduction rate (voyage-based) : -9% (DIST) and -22% (TIME) in 2018 compared with 2008

- TIME has larger improvement due to speed reduction 
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Improvement trends of Carbon Intensity 

Most improvement achieved before 2012

- Reduction rates in carbon intensity of international shipping indexed at 2008, at which time the 

shipping market was reaching its peak right before the long-lasting depression

- Taking 2012 as the reference year instead of 2008, reductions in carbon intensity narrowed down

Improvement slowed down since 2015

- Average annual percentage changes ranging from 1 to 2%

- Due to limit in speed reduction, payload utilization and technical improvements of existing ships
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Carbon Intensity level of typical cargo ships

Lowest carbon intensity levels achieved by bulk carriers, oil tankers and container ships

Decreasing trend of carbon intensity performance of 

most ships between 2012 and 2018

- Increasing average ship size in all ship types

- Design efficiency in oil tankers, bulk carriers and 

chemical tankers

- Speed reduction in bulk carriers, chemical tankers, 

container ships and oil tankers
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Method for projecting emissions from shipping

Projecting transport work – non-energy products  SSP
- Historical relation between maritime transport work and economic parameters (per capita GDP, Population)

- Projecting transport work based on long-term projections of GDP and Population

Projecting transport work – energy products  RCP

- IPCC projections of energy consumption

- Projecting transport work using energy 

consumption projections

Making a detailed description of the fleet and its 

activity in the base year 2018

Projecting future fleet composition and energy 

efficiency of ships

Projecting shipping emissions

SSP: Shared Socio-Economic Pathway

RCP: Representative Concentration Pathway
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Transport work projections

Aggregate transport work increase by 40 – 100% in scenario SSP2 / OECD and RCP 2.6

- Logistics analysis (75 – 100%) higher than gravitation model (40 – 60%)

• L : logistics analysis – analyses relation between global transport work and its drivers over the longest period available and projects the relation further using a logistics curve

• G : Gravitation model – derives from Newton’s law of universal gravitation (proportional to product of two masses and inversely proportional to the square of the distance)

- Country imports from a specific exporters are taken as proportional to the product of the two countries’ GDP and inversely proportional to the square of the distance
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Emission Projections

BAU (Business As Usual)

- no adoption of new regulations that have an impact on energy efficiency or carbon intensity

Shipping emissions increase from 1,000MtCO2 in 2018 to 1,000 – 1,500MtCO2 in 2050

- Emissions projected to increase 90% in 2018 and 90 – 130% by 2050 compared to 2008

- By 2050, increase of 0 – 50% of 2018 levels and 90 – 130% of 2008 levels

- Increased by transport demand growth in spite of further efficiency improvement
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Emission Projections per ship types

Bulkers increase by 10 – 50%

- Reduction in coal transport is offset by an increase in other dry bulk transport work

Tankers increase by 30% (L) or decrease by 10% (G)

- Chemicals and gas transport increases, even when crude oil transport work decrease

Containers increase by 20 – 70%

- Increase in transport work of 70 – 140% and efficiency by increase in ship sizes
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Marginal abatement cost curve (MACC)

Relationship between the total reduction of GHG emissions and the cost 

efficiency for individual abatement measures

Assessed abatement potential and costs of 44 technologies

Methodology : Cj = Kj + Sj – Ej

- Cj : change of annual cost of technology j (USD/year)

- Kj : annualized CAPEX (USD/year)

- Sj : Incremental operating costs related to use of technology (USD/year)

- Ej : fuel expenditure savings from technology j  (USD/year)
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Marginal abatement cost curve (MACC)

Reduction Potentials

- CO2 reduction without alternative fuel : 9 – 23% in 2030 and 

17 – 36% in 2050

- USD -119/tCO2 < MAC value > USD 105/tCO2

* Solar panels (USD 1,186 in 2030 or USD 1,048 in 2050)

Marginal abatement cost curve for 2030

Marginal abatement cost curve for 2050

Alternative Fuel with carbon

- In 2030, 6% of the total CO2 reduction by alternative fuel with carbon 

- MAC value > USD 250/tCO2 for alternative fuel with carbon

Alternative Fuel with zero-carbon

- In 2050, 64% of the total CO2 reduction by alternative fuel without carbon

- MAC value > USD 410/tCO2 for alternative fuel without carbon
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