
7
Environmental benefits
the environmental benefits of using lng as fuel are significant. Compared to the use of diesel fuel, use of 
lng will reduce the nox emission by approximately 90% on a lean burn gas fuelled engine, and the Sox and 
particle matters emissions are negligible without the need of  any abatement technologies. the Co2 emissions 
are about 20% lower compared to diesel fuel because of the lower carbon content. However, the overall 
effect on gHg (green House gas) emissions needs further study.

7.1 Existing environmental impact of shipping in NA ECA
Ships are significant contributors to the US and Canadian mobile-source emission inventories.

the ships generate significant emissions of fine particulate matter (Pm2.5), nox and Sox that contribute to 
poor air quality. emissions to the air from ships cause harm to public health, contributes to visibility impairment 
and other detrimental environmental impacts.

Several of the USa’s most serious ozone and Pm2.5 non-attainment areas are affected by emissions from 
ships. Currently more than 30 major US ports along the atlantic, gulf of mexico and Pacific coasts are located 
in non-attainment areas for ozone and/or Pm2.5.

air pollution from ships is expected to grow over the next two decades. Without any of the planned emission 
control strategies, by 2030, nox emissions from ships would be projected to more than double, growing to 
2.1 million tons a year while annual Pm2.5 emissions would be expected to almost triple to 170,000 tons. the 
north american eCa ensures that emissions from ships will be reduced significantly, delivering substantial 
benefits to large segments of the population, as well as to marine and terrestrial ecosystems.

7.2 Gas engine emissions
the main types of emission from the combustion process in an internal combustion are Co2, nox, Sox and 
Pm (particle matter). the amount depends on the type of fuel and the combustion process.

Co2 is a greenhouse gas that is among those responsible for global warming.

nox is formed due to high temperature and pressure during the combustion process and contributes to the 
formation of smog as well as contributing to the formation of ground level ozone.

Sox cause acid rain and have a negative impact on public health. the emission amount is directly related to 
the amount of sulphur present in the fuel.

Secondary Sox and nox also contribute to Pm formation results through a series  of chemical and physical 
reactions resulting in sulphate and nitrate Pm. Pm and black carbon are other solid pollutants created from 
the combustion process. Pm results from various impurities and incomplete combustion processes. most Pm 
emissions are harmful to humans and may have contributing factors to global warming. the accumulation of 
black carbon on glaciers and polar icecaps may accelerate the melting rate by increasing the absorption of 
sunlight (United States environmental Protection agency, 2010). there is an increasing focus on black carbon 
emissions and its impact on environment and its contribution to global warming.

Unlike the limits in north america imposed on land based transport, power generation and inland waterways, 
there are currently no limits specified by imo on emissions of Unburned Hydrocarbons (HC) or Carbon 
monoxide (Co). the reason for this is considered to be simply that these are not the significant emission 
components from a well maintained diesel engine when operating under marine transit conditions. in the 
USa, the ePa have stipulated HC and Co limits for all engines, including the largest marine models.
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in the case of gas engines, they have higher emissions of Co and HC than diesel engines. While regulations 
are not generally in place for these compounds in the commercial marine sector, this is most likely a result of 
the small number of engines. if natural gas engines become more widely used, Co and HC limits might be 
expected. there are treatment methods for reducing emissions of Co and HC in engine exhaust gas.

7.2.1 Greenhouse gases (CO2, CH4)
Co2 emissions are related to the carbon content of fuel and the amount of fuel consumed. the Co2 emission 
can be reduced by more improved fuel efficiency or by improvement in the vessel overall design and operating 
efficiency (trim management, route selection, reducing speed, improving ship hull forms, etc.).

the natural gas fuelled marine engines currently in use on the existing gas fuelled vessels in operation are 
medium speed, otto cycle engines; either spark ignition or pilot fuel injection. gas engines operating on 
the diesel cycle are also available, both as four stroke medium speed and two stroke low speed engines. 
regardless of the operating cycle, method of natural gas ignition (spark ignited or diesel pilot), or the engine 
operating speed, using natural gas rather than fuel oils results in a reduction in the amount of Co2 produced 
by the engine itself as a result of the lower carbon content.

this reduction in Co2 production may be partially offset by methane slip, the term to describe the fraction 
of natural gas that passes through the engine without burning. methane slip is more prevalent in engines 
operating on the otto cycle. the amount of methane released by natural gas engines operating on the diesel 
cycle is comparable to operation on conventional liquid fuel. manufacturers of otto cycle natural gas engines 
are continuing to make advances in reducing the amount of methane slip by using a lean-burn principle. there 
is the potential to reduce methane emissions as a result of enhanced engine design, integration of methane-
related controls, and the use of methane-targeted oxidation catalysts. 

However, the total gHg emissions from the ‘well’ to ‘propeller’ using natural gas are getting more attention, 
and as current research indicates the lng pathway will influence the actual benefits when compared to 
conventional fuel.[10, 14] Use of best practices in the lng supply chain can reduce the amount of methane 
released to the atmosphere.

7.2.2 SOx emissions
the amount of Sox produced depends on the sulphur content of the fuel.

there are very small amounts of sulphur in the natural gas produced in north america. therefore, when 
compared to conventional diesel fuels with sulphur content equal to the imo limits, the amount of Sox is 
significantly reduced.

While diesel ignition dual fuel or direct injection natural gas engines may potentially use higher sulphur 
content fuel oils for pilot fuel, the Sox emissions from these types of engines are the sum of the contributions 
from the natural gas and pilot fuel. there are negligible Sox emissions for a spark-ignited otto cycle engine 
operating on gas only. there might be some small amounts because of combustion of the lubricating oils.

7.2.3 NOx emissions
nox forms during combustion and is primarily a function of the temperature in the combustion zone. in a 
diesel cycle engine there is a flame front where the temperatures are very high and this forms nox. generally, 
the higher the temperature, the more nox is produced. However, the formation of nox is a complex issue 
and several formation mechanisms are important. it is also dependent on the amount of excess air during the 
combustion process.

Diesel cycle engines, regardless of whether they are fuelled by natural gas or by fuel oils, have higher nox 
emissions compared to engines operating on the otto cycle.

in the case of gas fuelled engines operating on the diesel cycle, SCr or egr may be required in order to 
comply with the imo tier iii nox limits, although the specific emissions management strategy will vary 
depending on the engine manufacturer.

in the case of gas fuelled marine engines operating on the otto cycle, neither SCr nor egr are required to 
comply when operating on gas only. However, in the case of dual fuel engines when operating on diesel fuels, 
SCr or egr will be required to comply with nox iii limits.

7.2.4 PM emissions
Pm emissions can be attributed to incomplete combustion of fuels. High cylinder temperatures and pressures 
can cause some of the fuel injected into a cylinder to break down rather than combust with the air in 
the cylinder space. this breakdown of the fuel can lead to carbon particles, sulphates and nitrate aerosols 
being produced. Fuels with higher sulphur content result in higher Pm emissions because some of the fuel is 
converted to sulphate particulates in the exhaust. However, sulphur is not the sole source of particulate matter. 
according to a recent study[6] natural gas Pm emissions are reduced by approximately 85%.

7.3 Effect on environment
Because of the eCa and the more stringent emissions requirements for marine engines, ships will reduce 
their emissions of nitrogen oxides (nox), sulphur oxides (Sox) and fine particulate matter (Pm2.5). in 2030, 
according to ePa, emissions from these ships operating in the eCa are expected to be reduced annually by 
1,300,000 tons for Sox, 1,200,000 tons for nox and 143,000 for Pm (2.5). the benefits are expected to 
include preventing between 12,000 to 31,000 premature deaths and relieving respiratory symptoms for nearly 
five million people each year in the US and Canada. the monetized health-related benefits are estimated to 
be between $110 and $270 billion in the US in 2030.

Based on ePa analysis, the US coastline and much of the interior of the country will experience significant 
improvements in air quality due to reduced Pm and ozone from ships complying with eCa standards. Coastal 
areas will experience the largest improvements; however, significant improvements will extend far inland.
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