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Overview
Historically, fuel cost have small in comparison with the fixed cost of seagoing vessels, its crewing and management. This other costs are mostly fixed with the result that operating at their boundary speeds based on hydrodynamic considerations has given the lowest transport cost. Tankers and bulkers typically have boundary speeds of 14 – 15 knots while large container vessels have boundary speeds of 23 – 26 knots. More recently higher fuel prices and stricter environmental regulations have made it profitable to reduce fuel consumption through speed reductions. The core insight is that the power required for propulsion is a function of speed to the power of three; this implies that when a ship reduces speed, the fuel consumption per transported unit is reduced (Lindstad et al 2011). The first regulation of air pollutions from ships which came into effect in the late 1990's was not strict and could easily be met. However the present requirement for reduction of Sulphur content for all vessels, in combination with the required reduction of nitrogen and carbon emissions for new-built vessels from, is an economic and technical challenge for the shipping industry. This study has investigated alternative engine technologies including hybrid options and alternative fuels. In this study hybrid technology includes: battery storage of energy to take peak power requirements; one or multiple engines of different sizes, cold ironing in port either from the grid or from vessel batteries and more advanced power management systems. While there is no question that SOx and NOx emissions must be reduced when the vessel is close to land, sensitive ecosystems and densely populated areas, one of the objectives of this paper is to investigate if it is possible to fulfil the requirements for reducing harmful emissions in ports and coastal areas without giving away the overall cooling effect of maritime transport
This study is organized as follows: The Introduction gives a brief introduction to the shipping market and the applicable regulation. The second section describes the applied methodology. The third describes the alternative engine technologies and fuels. The fourth contains the assessments followed by the concluding and discussion section.

Methods

Quantitative Benchmarking and Feasibility studies
Results
From an environmental viewpoint, one of the challenges with the current IMO legislation (MARPOL CONVENTION) is that it assumes engine performance at ‘ideal lab-conditions’: at medium to high loads and calm water. This shift leads to a realization that vessel and engine configurations are generally environmentally inefficient in part by having insufficient flexibility. Policy emphasis in ship design should be shifted away from global and idealized towards regional based and realistic vessel operating conditions. Since environmental policy originates in damages relating to ecosystems and jurisdictions, a three-layered approach to vessel emissions is intuitive and practical. Here, we suggest associating damages and policies with ports, coastal areas possibly defined as Emission Control Areas (ECA; as in North America or in North Sea and the Baltic), and open seas globally.
Conclusions

Our results indicates that hybrid engine technologies in combination with clean fuels in ports and close to land in combination with continued allowance for burning very dirty fuels at high seas will fulfill the need for reducing harmful emissions without giving away the overall cooling effect of shipping. 
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