REVIEW OF EMISSION ACCOUNTING MODELS IN THE MARITIME INDUSTRY
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Overview
For centuries, the shipping industry and global energy supply chains are closely interrelated. On one hand, conventional energy resources, such as coal, crude oil and Liquefied Natural Gas (LNG) are often transported by different types of vessels. Meanwhile, ships consume large quantity of bunkers on a daily basis, which is, on the other hand, supplied by the energy industry. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Emissions from shipping activities account for 3% of the world’s air emissions. Furthermore, it is estimated that this number will hit 6% by 2020 and 15% by 2050 (Helfre, Boot, 2013). Pollutants generated from the ship exhaust (such as SOx, NOx, CO2, and Particular Matters) have negatively affected the global climate, and human health, especially for coastal residents, officers on board and port workers. Emission Accounting is the process of calculating approximate emission quantities for various kinds of pollutants in a specific region over a fixed period. It delivers intuitive statistics for the volume of emission and degree of pollution within certain areas, hence provides a powerful monitoring tool. An effective Emission Accounting scheme can help to enhance management of both the shipping industry and energy supply chains. It enables stakeholders to monitor whether the energy resources are transported in an environmentally friendly manner, and whether the emission generated by the bunker fuel is well controlled.
This paper reviews the literature in the field of Emission Accounting and assembles an overview of the major data sources, methodologies for modelling, scientific theories applied, as well as geographical regions, pollutant types and ship segments that are popular for studies. The objective is to establish a comprehensive overview for what has been covered in Emission Accounting research, so that the remaining literature gaps can be identified. The authors aim at contributing valuable inspirations for future researchers, and providing insights in real world applications for shipping companies, port operators, government officials and the energy industry as a whole. 
Methods
A combination of Perspective-Based Approach and Process-Based Approach will be conducted.
The Perspective-Based Approach categorizes the literature based on its research target (which region, ship segments, pollutant types), its interested stakeholders, and its main objectives.
The Process-Based Approach categorizes the literature based on the methodology for emission estimation: how to obtain relevant data, what assumptions have been made, adopting “top-down” or “bottom-up” procedures, the cause and level of uncertainties.
Results
Firstly, we identify the regions, pollutants and ship segments that have been thoroughly studied.
Secondly, comparison will be made among all prevalent methodologies to evaluate the advantages and disadvantages for each approach.
Thirdly, we highlight the regions, ship segments and pollutant types that have not been studied in depth, which can be potential literature gaps for future researchers. Furthermore, we recommend the most accurate and simplified methodology so far and suggest for improvement.
Conclusions
On a global scale, Emission Accounting studies have focused more on 4 regions: Europe, United States, Australia and China. Limited research has been found for the rest of the world, especially the ASEAN countries.
For ship segment, more studies focus on container vessels rather than dry bulk ships and tankers, while the latter two are the main transporters for energy resources. 
For pollutant type, more researchers select CO2 (Carbon Footprint) as the research target. However, quite a few papers also take SOx, NOx, CH4, CO, and Particular Matters into consideration.
In the past, more papers adopt the “top-down” estimation method since the detailed information for each ship is difficult to obtain, especially real time speed and actual engine power. However, in today’s world, the Automatic Identification System (AIS) realizes swift transmission of vessel position in every few seconds. It enables an accurate speed estimation for each vessel. Also, the well-established database such as Lloyd’s Register Vessel Database, provides a powerful platform to retrieve the tonnage, design power, and bunker consumption for every vessel. Therefore, the “Bottom-Up” method becomes more popular since it aggregates the activities for every single vessel and achieves more accurate results.
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