
Carrying as much as 90% of world trade, 
the international shipping industry is 
crucial to the intercontinental trade 
activities that underpin the global 
economy. It has been estimated that if 
the growth of the past 150 years in the 
sector continues as it has, the current 8 
billion tonnes of cargo being transported 
across the globe annually will soar to 
23 billion tonnes per year in the next 
50 years. However, with the increasing 
volumes of cargo being transported 
annually, rising levels of marine 
emissions such as sulfur oxides (SOx), 
oxides of nitrogen (NOx), particulate 
matter (PM) and carbon dioxide (CO2) 
from the fuel used to power these 
vessels, are under close scrutiny by 
world environmental authorities.

EMISSIONS FROM VESSELS 
While the global shipping industry is 
currently responsible for only 3% of 
greenhouse gases, this contribution 
has prompted significant changes in 

the legislated control of emissions. For 
environmental reasons Liquefied Natural 
Gas (LNG) and even wind propulsion and 
nuclear power are occasionally employed 
to propel commercial shipping, but the 
majority still use a reciprocating diesel 
engine as their prime mover, powered by 
fuel oil, also known as bunker oil. 

AUTOMOTIVE AND POWER INDUSTRIES 
Combustion of bunker oil in ships 
generates the same pollution components 
as those emitted from road transport 
vehicles and is similar to the emissions 
footprint from other fossil fuel burning 
industries such as electrical power plants. 
However, most of the sulfur emissions 
from land based transport are eliminated 
by the use of low sulfur fuels, where the 
sulfur is removed at the refinery. There 
is also a growing trend for automotive 
sector NOx emissions to be reduced 
using selective catalytic reduction (SCR) 
with the addition of Urea as a source of 
Ammonia. 

In the power generation industry, 
SO2, NOx and PM pollutant emissions 
are reduced through the use of wet gas 
scrubbing for SO2 removal, reaction 
of SO2 with lime, reaction of NOx with 
ammonia in SCR and SNCR technologies 
and electrostatic precipitation for PM 
reduction. 

These techniques are highly effective 
in cleaning the flue gas from the power 
plants. By comparison, the control of 
these emissions from shipping has 
historically been less sophisticated, 
but the trend is going in a similar 
direction and is being driven by phased 
implementation of environmental 
protection legislation through MARPOL.

REGULATIONS
Marine pollution is regulated 
internationally and one of the key 
international conventions for the 
prevention of pollution at sea is MARPOL 
73/78, adopted by the International 
Maritime Organization (IMO) in 1973, 
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and later updated in 1978 after several 
severe tanker accidents. The convention 
includes regulations aimed at preventing 
and reducing pollution at sea from ships, 
including both accidental pollution and 
pollution from routine operations. Today, 
countries who have signed up to the 
MARPOL legislation represent 98% of 
international shipping. 

There are certainly proven and cost 
effective methods to reduce NOx, SOx 
(mainly sulfur dioxide) and PM present 
in the emission stream. Mitigation 
measures focus on process control and 
management as well as detection of post-
combustion emissions to both protect 
the health and safety of the people 
on board the ship, and also to reduce 
environmental impact. DeNOx technology 
can be retrofitted to the system to reduce 
NOx, while an interesting method of 
removing SOx emissions is the use of 
seawater for wet scrubbing. No additives 
are required in this method, as the 
inherent alkalinity of the seawater is 
used as the sorbent, and no by-products 
are produced beyond a slight increase in 
the natural concentration of sulphate in 
seawater. 

In order to comply with the ever-
tightening emission regulations, shipping 
operators might choose to adopt an 
integrated approach that considers the 
use of lower sulfur content fuel, the use 
of wet-gas scrubbing for SO2 removal, 
the use of SCR for NOx reduction or 
a conversion to LNG. However, this 
last option would require technology 
adjustments, similar to the engine 

retrofits currently being applied in the 
automotive industry. 

Other emission management measures 
called for by the legislation include 
implementing a far higher level of 
measurement, analysis and reporting 
during voyages. Emissions such as oxygen 
and carbon monoxide levels in the 
combustion process can be monitored 
to ensure that the process is functioning 
optimally. It is also possible to measure 
different hydrocarbons such as methane, 
propane, butane, isobutane and pentane 
to determine if fuel is escaping from the 
engine. Hydrogen sulphide is also often 
measured and controlled at various 
different points in the reaction pathway. 
Urea and ammonia levels also require 
monitoring to make sure the DeNOx 
equipment is working well and that the 
ammonia or urea is not being overdosed 
which would result in the undesirable, so 
called, ammonia ‘slip’.
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