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1. [bookmark: _Toc161245311]Introduction
This report will be investigating the environmental impacts of marine traffic within the automotive and motorcycle industry, Marine traffic plays a pivotal role in the globalization and efficiency of these industries, with around 80% of international trade carried by sea (UNCTAD,2023), Marine Shipping is a critical component for the international movement of goods, parts, and vehicles.
The aim of this report will be to highlight the significance of marine transportation and its environmental impact in supporting the logistics and supply chains of these industries, emphasizing its contribution to their global reach and operational efficiency as these sectors rely heavily on marine traffic for the import and export of raw materials, components, and finished products.
The environmental impacts of marine traffic pose sustainability challenges, including emissions, aquatic pollution, and the introduction of invasive species through ballast water.
Figure 1 displays how the European maritime emissions compare with cars.
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[bookmark: _Toc161245333]Figure 1 - European Maritime Emissions compared with cars (McCarthy, 2019)


2. [bookmark: _Toc161245312]Environmental Impact of Marine Traffic
When looking at the environmental impact of marine traffic, many factors must be considered including emissions (CO2, SOx, NOx and Particulate Matter), Spillages and Discharge, Aquatic life impact and ship grounding or sinking. 
2.1. [bookmark: _Toc161245313]Emissions
Table 1 below shows emissions data for various regions between 2014-2015 for the marine industry, currently the global CO2 contribution for the marine industry remains at 3% as of 2023, however this rate could rise to 17% by 2050 if no new regulations are implemented (Deng and Mi, 2023). While a 3% contribution might seem minimal, in 2019, European Union shipping fleets emitted 139 million tonnes of CO2; if the emissions from these fleets were compared to those of individual countries within Europe, they would rank as the 8th highest CO2 emitter for the EU (McCarthy, 2019). On a global scale the worlds marine traffic would come as the 6th largest CO2 emitter, ahead of Germany (ICCT, 2017).
[bookmark: _Toc161245327]Table 1 - 2014/2015 Emissions
	Emissions
	Percentage Shipping Contribution
	Region
	Source

	CO2
	3%
	Globally
	Smith et al. (2015)

	SOx
	13%
	Globally
	Smith et al. (2015)

	NOx
	15%
	Globally
	Smith et al. (2015)

	NOx
	Up to 24%
	Coastal Europe
	Viana et al. (2014)

	Particulate Matter1
	11%
	Coastal Europe
	Viana et al. (2014)

	Particulate Matter2.5
	1-14%
	Coastal Europe
	Viana et al. (2014)

	Particulate Matter10
	1-7%
	Coastal Europe
	Viana et al. (2014)



When shipping emissions are calculated significant discrepancies exist between different shipping emission inventories, these discrepancies can account for around a 20% difference in total emissions. This variation highlights a notable lack of clarity within shipping emission data, primarily due to the chosen methodology for calculation (Nunes, et al. 2017, Krame,l et al. 2021). 


To estimate CO2 emissions from ships, two primary methods are used, each based on distinct principles and models: the bottom-up (activity-based) approach and the top-down (fuel-based) approach. Figure 2 shows a representation of each calculation.
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[bookmark: _Toc161245334]Figure 2 - Emissions Calculation Methods (Deng and Mi, 2023).
Table 2 below displays inventory data for global shipping emissions and the method used for calculation. 
[bookmark: _Toc161245328]Table 2 - Shipping Emissions Inventory (Deng and Mi, 2023)
	Inventory
	Period
	Region
	Including non CO2 Gasses
	Method

	IMOa
	1990-2018
	Global
	CH4, N2O, NOx, VOC, PM2.5
	Bottom-up & Top-down

	IEAb
	2000-2022
	Global
	NO
	Top-down

	CEDS v_2021
	1750-2019
	National
	BC, CO, NH3, NMVOC, NOx, OC, SO2, CH4, N2O
	Top-down

	CAMS_GLOB_SHIP v3.1
	2000-2018
	0.25°×0.25°
	NOx, SOx, CO, VOC, EC, OC, Ash, SO4
	Bottom-up

	EDGAR v7
	1970-2021
	0.1°×0.1°
	CH4, N2O, F-gases
	Bottom-up & Top-down



Figure 3 then displays this data from 2000 to 2021. This illustrates the recorded historical CO2 emissions in metric tons per year from the emission inventories specified in Table 2. Additionally, the chart includes bars that demonstrate the percentage differences among the stated emission inventories relative to their mean values.
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[bookmark: _Toc161245335]Figure 3 - Emissions Discrepancy data (Deng and Mi, 2023).

2.2. [bookmark: _Toc161245314]Spillages and Discharge
Since 1980, there has been a significant reduction in the frequency of large oil spills, by the year 2000, the proportion of spills categorized as accidental had reduced to less than 30%, among these accidental spills, approximately 85% resulted in the release of fewer than 7 tonnes of oil (Adolf and Song, 2010).
Despite the ongoing reduction in oil spillages, operational releases such as bilge water ejection, propeller shaft bearing lubrication, or illegal tank cleaning, could account for more than 70% of the overall oil discharge associated with maritime activities (Miola, et al. 2009), Additionally in 2016 it was estimated around 78,500 tons of hazardous dry cargo such as coal and other minerals entered the ocean by operational discharge each year (Grote, et al. 2016).
Another important aspect to consider when looking at discharge is the use of scrubbers for exhaust gas cleaning. Scrubbers are an increasingly common practice which use seawater or fresh water as a cleaning agent to remove SOx and NOx from a ships exhaust gasses, the subsequent waste is then discharged into the ocean if the system is open loop, with little data on the composition of the waste produced by scrubbers, the full environmental impact remains relatively unknown and unreported (Endres, et al. 2018). Due to this many ports and regions refuse the use of scrubbers either in or near ports with some countries banning their use within territorial waters (NorthStandard, 2024) a full table detailing countries and their open loop scrubber usage policies can be found in the appendix.
2.3. [bookmark: _Toc161245315]Other Environmental considerations
The impact of marine shipping on aquatic life, created by incidents of ship grounding and sinking, presents significant ecological challenges. Aquatic life, including diverse species of fish, marine mammals, and invertebrates, faces threats from pollution, noise, and physical disturbances associated with shipping activities. Emissions released into the water, such as oil, chemicals, and other hazardous substances, can have devastating effects on marine ecosystems, leading to diminished biodiversity and the disruption of marine food chains. Ship groundings and sinkings further these impacts by causing immediate physical damage to coral reefs, seabeds, and other vital habitats, potentially leading to long-term ecological degradation (Jägerbrand, et al. 2019)


3. [bookmark: _Toc161245316]Current Sustainable Practices and Legislation
Emissions control in the marine shipping industry is an increasingly critical area of environmental concern, driven by the need to reduce harmful emissions and protect marine ecosystems. International regulations, enforced by the International Maritime Organization (IMO), aim to limit the release of SOx, NOx and particulate matter from ships. 

In 2015 at the 21st Conference of Parties (COP21) an agreement was put in place to keep global average temperature increase below 2°C that of pre-industrial level, subsequently the Paris Agreement was created to keep this figure below 1.5°C. During the conference as well as the 196 state parties submitting voluntary greenhouse gas (GHG) emission reduction targets, the IMO was instructed to also voluntarily create new international standards for shipping GHG emissions reduction (Joung, et al. 2020).
Following this in 2016 the IMO created a mandatory data collection system for ships over 5000 gross tonnage to report fuel oil consumption, 2018 then saw the introduction of initial strategy for reducing GHG emissions which included halving emission levels by 2050 from 2008 levels and then further reducing emissions to zero by 2100 (MI News Network, 2021).
In 2020 the IMO released new regulations, which drastically reduced the allowed sulphur content in marine fuels from 3.5% to 0.5% globally (IMO, 2020) this also included two levels of control for NOx emissions for tier 1 and 2 ships with a diesel engine of over 130kW output (UK Government, 2024). Additionally, in 2023 the IMO updated its initial strategy for reducing GHG emissions. The revised strategy aims for zero net emissions from maritime vessels by approximately 2050 (European Commission, 2023).


4. [bookmark: _Toc161245317]Future Outlook and Sustainable Strategies
Figure 4 displays potential CO2 reductions for individual measures that could be changed under 5 main categories, the figure highlights the impact that several changes such as alternative fuelling, operational speed and redesign could have if combined.
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[bookmark: _Toc161245336]Figure 4 - Possible CO2 reduction (Bouman, et al. 2017)


4.1. [bookmark: _Toc161245318]Alternative Fuels
As previously discussed, there has already been a reduction in sulphur content of fuels to aid in the reduction of SOx emissions however when looking at the reduction of GHG emissions to keep in line with the Paris agreement and the net zero goal by 2050 set out by the IMO a viable solution is potentially the introduction and use of ‘E Fuels’ when looking at these alternative fuels, several options are currently being researched:
· E-Hydrogen/ E-Ammonia
E-Hydrogen is seen as a potential clean fuel but has storage and transport challenges due to its low energy density. Liquid hydrogen or E-Ammonia, which combines nitrogen with hydrogen, can be more feasible for maritime applications. E-Ammonia offers higher energy density than hydrogen, however, handling and toxicity issues need to be addressed (Lindstad, et al. 2021, Lin, Wu and Yang, 2023)
· Hydrocarbon E-fuels including E-Deisel, E-LNG and E-Methanol
These fuels are created from carbon capture and hydrogen produced from renewable electricity. They are similar in their chemical structure to conventional fossil-based fuels, which allows them to be used in existing engines and infrastructure with minimal modifications (Lindstad, et al. 2021).
4.2. [bookmark: _Toc161245319]Slow Streaming
Slow Streaming is in effect the slowing down of vessels with the aim of decreasing fuel consumption and therefore reducing GHG emissions, underwater noise, and the risk of marine life collisions. When ships travel at lower speeds, their engine efficiency increases, which results in less fuel being burnt per mile travelled (Leaper, 2019). According to a 2017 study a reduction of 10% overall vessel speed is estimated to reduce GHG emissions by around 13% (Faber, et al. 2017). This approach offers a practical and immediately implementable method to achieve significant environmental benefits and is already recognised by the IMO as a suitable short-term measure.


4.3. [bookmark: _Toc161245320]Ship Redesign
When looking at ship redesign for reducing GHG emissions typical aims for redesigns are to minimize the turbulence, friction, and drag that a vessel experiences as it travels. This can involve using lightweight materials, coatings, or technologies like air lubrication systems, where air bubbles are introduced under the hull to reduce resistance (Bouman, et al. 2017). By enhancing the efficiency of a ship's movement through water, these design improvements can lead to substantial fuel savings and consequent reductions in GHG emissions.
One of the most prevalent designs is the implementation of air lubrication systems, these systems can the be classified into several different categories:
· Microbubble drag reduction - microbubbles are injected along the hull.
· Air film drag reduction – a large film of air is used to cover the hull.
· Air cavity drag reduction – recesses under the hull are filled with air.
(An, Pan and Yang, 2022)
This technology can reduce the drag experienced by ships therefore reducing the fuel consumption and in turn the GHG emissions produced per mile the vessel travels (An, Pan and Yang, 2022).
[bookmark: _Hlk161075407]Another area to consider is hull redesign, Linstad, Borgen and Sandaas (2019) explain that increases in hull length and a reduction in width could have the potential to reduce annual fuel consumption. This is further backed up by other studies such as Pechenyuk (2017) which used CFD models to optimize the design of the hull of the KRISO container ship which found an 8.9% reduction in resistance and Seok, et al. (2019) found by improving the bow shape through CFD and design of experiments added resistance could be reduced by 52% when compared with the original hull.


5. [bookmark: _Toc161245321]Case Study - Stena Germanica Methanol Dual-Fuel
In 2015, Stena took a pioneering step ahead of the industry by converting their passenger ferry, the Germanica, to operate on a methanol system, showcasing their commitment to sustainable maritime transportation, in 2021, Stena then converted to using 'blue methanol,' produced from the gas by-products of the steel industry (Dierikx, et al. 2018). 
The vessel operates between Göteborg and Kiel and its conversion involved its four primary engines the Wärtsilä-Sulzer 8 cylinder Z40S models, each delivering 6MW of power and were converted on the basis of laboratory testing results (Ellis, et al. 2014) in total the conversion took less than two months and the original tanks were able to be converted allowing for no loss of commercial space, other modifications included: pump room, fuel pumps and lines, a common rail injection system rated to 650 bar, dual fuel injectors and engine control system, the project cost €350 per KW for each engine (Dierikx, et al. 2018) with a total cost of around €2.1M per engine or €8.4M in total, however as this was a pilot project it would be expected there would be a 30-40% reduction in costs for another retrofit (Anderson and Salazar 2015).
As a result of the conversion with a total investment of €22.5M, SOx is reduced by 99% and NOx by 60%, PM by 95% and CO2 emissions by 25% (Ship Technology, 2015).
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[bookmark: _Toc161245337]Figure 5 - Stena Germanica with the modified Fuel System Layout (Butler,2018 )


6. [bookmark: _Toc161245322]Technological and Sustainability Challenges
On average, fuel oil constitutes 50% of a vessel's operating expenses, with many opting for degraded residue heavy fuel oil (DRHFO) to benefit from its cost efficiency. However, DRHFO often contains significant levels of carbon residue, sulphur, and metallic compounds, leading to substantial emissions including black smoke, PM, NOx, SOx, CO, CO2, and unburned hydrocarbons when combusted (Han, 2010).
Therefore, implementing strategies to decrease fuel consumption, as outlined in this report, not only has environmental benefits but also translates into considerable financial savings, However, the main barrier to this is the economical impact to make these changes due to the scale of vessels, engines and the industry. 

Significant modifications to a ship's fuel system for alternative fuels or efficiency-enhancing designs are most effectively implemented when a vessel is newly ordered. The cost of a new container ship can vary widely, from $30 million to $500 million, depending on its size and capacity. With a typical lifespan of 20 to 30 years, shipowners may be reluctant to invest millions in retrofitting their current fleets for reduced GHG emissions with no legislation forcing these changes especially if the vessel is nearing the end of its service life. This hesitation is also increased by the potential loss of revenue during the modification period.

To add to this issue in 2015 the Secretery General of the IMO Koji Sekimizu stated at a UN conference when talking about the marine shipping industries GHG emissions “world leaders might be tempted to consider specific measures aimed at reducing shipping’s overall contribution of CO2 emissions, such as an overall cap, Such measures would artificially limit the ability of shipping to meet the demand created by the world economy, or would unbalance the level playing field that the shipping industry needs for efficient operation, and therefore must be avoided” (Darby, 2015).


A key issue to consider when looking at the alternative fuel option is the feedstock supply, transportation and storage of each fuel. In 2022 213 million tonnes (Mt) of fuel was used for marine application, of this just 5.35% were alternative fuels which was a reduction from 6.05% in 2021 (IMO, 2023) figure 6 displays how the 213Mt of fuel was distributed in 2022. 
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[bookmark: _Toc161245338]Figure 6 - Fuel Usage Industry Breakdown (IMO,2023)
Table 3 then details alternative fuels currently being implemented with the pros and cons, when viewing the scale of the marine shipping industry the viability of producing, transporting and storing alternative fuels must be greatly considered due to the sheer volume required, with some ports reportedly hesitant to supply alternatives such as ammonia due to its corrosive and toxic qualities. Despite these qualities, green ammonia has the potential to reduce 60% of the carbon emissions if introduced to just 10 major ports, however it is estimated an investment of over $2Billion would be required for this to happen (Verschuur, et al. 2024).


[bookmark: _Toc161245329]Table 3 - Alternative Fuels Pros and Cons (Lee, et al. 2024)
	Fuel Type
	Pros
	Cons

	LNG
	- Mature technology
- Bunkering network evolving
- Low NOx and SOx emissions
	- Methane slip
- Uncertain LNG pricing
- High CAPEX
- Low volumetric energy density

	Methanol
	- Fuel handling simpler than LNG
- Low NOx and SOx emissions
- Compatible with existing terminal infrastructure
- Used in dual fuel engines
	- Global renewable production still limited
- Toxic and flammable
- Low volumetric energy density
- Life cycle GHG emissions equivalent to MDO in case of fossil-based methanol

	Biofuels
	- Widely available at competitive prices depending on the type of fuel
- Requires limited changes to engines and fuel handling
	- Limited feedstock and production capacity
- Emissions vary depending on fuel pathway
- Land Use Change

	Ammonia
	- Already produced and traded at scale
- Possibility of production capacity increases for the use of hydrogen carriers
- Zero emissions onboard, except for emissions generated from pilot fuels
	- Toxic and corrosive
- Highly energy-intensive production process - Low volumetric energy density
- Significant NOx emissions



Despite the economic, political and infrastructure issues, change is slowly occurring within the maritime industry, with the success of the Stena Germanica, Stena Line announced its plans to convert 25 of its fleet to Methanol dual-fuel (Ship Technology, 2015) ,Two major global shipping firms, A.P. Moller – Maersk and CMA CGM, have placed orders for several ships powered by methanol and are investing in the development of methanol bunkering facilities at various international ports, Additionally, the world's first ammonia-ready vessel was delivered in 2022 to the Greek shipping company AVIN INTERNATIONAL L.T.D. (Engelhart, 2023).

7. [bookmark: _Toc161245323]Conclusion
This report has investigated the sustainability challenges faced by the marine shipping industry which plays an essential role in the movement of goods within the automotive and motorcycle industry, whilst it did not directly explore the specifics of automotive and motorcycle as data for the exact percentage of cargo ships used was difficult to find a reliable and recent source for, it does provide an overview of the industry as a whole and the environmental impacts marine shipping and transportation has on a global scale.
The marine shipping industry is a significant contributor to global GHG emissions, accounting for a considerable share of CO2, SOx, NOx, and particulate matter. This highlights the sector's substantial environmental footprint and its contribution to air and marine pollution.

It also displays the complexity of measuring and regulating emissions. The variance in emission inventories and the challenge of accurately assessing the total environmental impact point towards the need for more stringent regulation in emission reporting. 
In addressing these sustainability challenges, the report highlights several sustainable practices and legislative measures currently in place, aimed at decreasing the industry's environmental impact. These include the use of cleaner alternative fuels, the implementation of slow steaming to reduce fuel consumption and emissions, and ship redesign for enhanced fuel efficiency. The case study of the Stena Germanica conversion to methanol dual-fuel stands out as an example of how technological innovation can lead to substantial reductions in emissions.

However, the report also considers the barriers to widespread adoption of these practices, including economic considerations, the availability and cost of alternative fuels, and the need for significant investment in infrastructure and technology. It suggests that overcoming these challenges will require concerted efforts in the maritime sector, including shipping companies, regulatory bodies and fuel suppliers.
To conclude whilst there are many obstacles that the industry faces, as technology improves the industry is slowly moving towards a greener future.

8. [bookmark: _Toc161245324]Appendices 
[bookmark: _Toc161245330]Table 4 - Open Loop Scrubber Policies (NorthStandard, 2024)
	Country
	Open loop EGCS discharge allowed?

	American Samoa
	No

	Argentina
	Yes – the prohibition is currently suspended

	Australia
	Yes – conditional and with exceptions

	Bahrain
	Not permitted in port or at anchorage

	Belgium
	Not permitted within 3nm of coast

	Belize
	Not permitted in port or territorial waters

	Bermuda
	Not permitted in port

	Brazil
	Current legislation allows discharge but is not consistently applied

	Canada
	Not permitted in Vancouver

	China (P.R.)
	Not permitted in Inland river Emission Control Areas (ECAs), Port areas within coastal ECAs and Bohai Sea

	Croatia
	Not permitted in port

	Cyprus
	Yes – conditional

	Egypt
	Not permitted in Suez Canal

	Estonia
	Yes – conditional

	Finland
	Not permitted in Port of Porvoo

	France
	Not permitted within 3nm

	Germany
	Not permitted in Inland Waterways, canals and ports within inland waterways

	Ghana
	Not permitted in ports or in territorial waters

	Gibraltar
	Not permitted in port or in territorial waters

	Hong Kong
	Yes – permitted

	India
	Yes

	Ireland
	Not permitted in ports of Dublin, Cork and Waterford

	Israel
	Not permitted in port and anchorage areas

	Ivory Coast
	Not permitted in port or territorial waters

	Kenya
	Not permitted within Kenyan port limits

	Latvia
	Yes – conditional

	Lithuania
	Yes – conditional

	Malaysia
	Not permitted within territorial waters

	Mauritius
	Not permitted within territorial waters

	Mozambique
	Not permitted in port of Nacala

	Namibia
	Yes

	New Zealand
	Yes – but discouraged

	Norway
	Not permitted in World Heritage Fjords sea areas of Geirangerfjord and Nærøyfjord

	Oman
	Not permitted in ports or territorial waters

	Pakistan
	Not permitted in port waters of Karachi and Bin Qasim

	Panama
	Not permitted in Panama Canal

	Papua New Guinea
	No

	Portugal
	Not permitted in ports of Aveiro, Leixoes, Lisbon and Sines

	Qatar
	Not permitted in ports or territorial waters

	Romania
	Not permitted within port limits

	Saudi Arabia
	Not permitted in ports or territorial waters

	Singapore
	Not permitted

	Slovenia
	Not permitted in ports or territorial waters

	Spain
	Not permitted in ports of Algeciras, Valencia, Cartagena and Huelva

	Sweden
	Not permitted in ports of Gothenburg, Stockholm, Trelleborg and Petroport, Stenungsund

	Turkey
	Not permitted in ports or territorial waters

	United Kingdom – England
	Nor permitted at berth in Port of Tilbury

	United Kingdom – Scotland
	Not permitted in Forth and Tay ports

	United Kingdom – Wales
	Not permitted in Port of Milford Haven

	United States – California
	Not permitted in ports or territorial waters

	United States – Connecticut
	Not permitted in ports or territorial waters

	United States – Washington State
	Cruise ships not permitted to discharge at berth in port of Seattle

	United States – Hawaii
	Yes – conditional

	United Arab Emirates – Abu Dhabi
	Yes – permitted

	United Arab Emirates – Fujairah
	Not permitted in port or territorial waters

	United Arab Emirates – Dubai
	Not permitted in port or territorial waters
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