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THIS IS WARTSILA

A global leader in smart technologies
and complete lifecycle solutions for
the marine and energy markets




MARINE SOLUTIONS
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MARINE SOLUTIONS THE MOST COMPLETE MARINE OFFERING ON EARTH
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EMISSION TYPES D)

WARTSILA
Emissions from engines can be divided in two categories
Gas engines can have negligible local emissions and deliver substantial GHG benefits
Category 1: Local emissions: Category 2: GHG emissions:
health & environment related climate related
A Contribute to pleterioration of human health, A Contribute to global warming / climate change
loss of wellbeing, early death A Mainly CO, and CH, (methane)
A Mainly NO,, SO, and particulates A Low to no impact on human health or
A Also impact the natural environment the natural environment on short term
(flora & fauna) on short term A Impact is not dependent on location of
A Impact depends very much on location of emission, as climate change is a global
emission. Focus on densely populated areas problem

and sensitive ecosystems
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FORMATION IN ENGINES AND REACTION IN ATMOSPHERE : )
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Physics govern the formation of emissions

Emissions are formed during fuel combustion. Either from full or

partial combustion of fuel, or by reaction of components in air due Other gases*
1%

to high temperature and pressure Oxygen

A CO, stems from carbon in the fuel, bonded with atmospheric AV
oxygen

A CH, is simply non-combusted natural gas, hence the term
Amet hane sl ipo

A Nitric oxides or NO, forms from atmospheric oxygen and
nitrogen in the high temperature combustion zone

A SO, is combusted Sulphur that was present in the fuel,
bonded with atmospheric oxygen

A Particulates consist of non- (or partially) combusted fuel,
lubricating oil, dust present in intake air or from other sources.
It is a blanket term covering all kinds of emissions, from simple ) AOther gaseso includes ca

dioxide (0.03%) and small proportions

elemental carbon to highly complex structures of argon and water vapour.

Atmosphere

Nitrogen
79%
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GHG EMISSIONS IN WARTSILA ENGINES

Three principle sources
of unburnt fuel in premixed

charge gas engines
SCAVENGING LOSSES
Valve overlap
Pressure differential

FLAME QUENCHING Generally not load
IN THE BULK CHARGE dependent in g/kWh

Lambda distribution

Residuals from
previous cycle

Temperature FLAME QUENCHING
IN CREVICES

Above top ring
Between liner & head
At Anti Polishing Ring

Generally load
dependent in g/kWh

Generally not load
dependent in g/kWh
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EMISSION REDUCTION TECHNOLOGIES

Many options exist to reduce GHG emissions
GHG reduction technology can be grouped in the following way:

Engine efficiency
improvements, leading to
lower engine CO, emissions
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Fuel de-carbonization,
utilizing fuels with a lower
carbon content

Example 1: LNG vs. diesel. Per
unit of energy, LNG causes ~20%
less CO, emission

Example 2: Biofuels that have a
negative CO, emission during
their production; either by
absorbing CO, from the air, or by
avoiding emissions when
feedstock is not used

as fuel.
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Lowering non-CO, emissions.
Prime example is CH, emitted
from gas engines.

Example 1: lowering engine-
out emissions by improving
combustion

Example 2: lowering stack

emissions by using after
treatment

a humber of CH4 emission
mitigating technologies.

0 The following slide shows



GHG EMISSIONS IN WARTSILA ENGINES :
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Di esel and gas engines produce greenhc

Indexed GHG emissions as CO, equivalents s -
ébut gas engines

2 favorably to diesel engines!
100%

Liquid fuel Gas
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EXAMPLES AND TRENDS C
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GHG emissions from Wartsila engines have been decreasing for decades

Example: 85% reduction in
CH, emissions since 1993

1993 2016
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KEY ELEMENTS OF GHG REDUCTIONS IN SHIPPING

Combination of efforts
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E.g. optimized propulsion systems, propulsion
energy saving devices, hull and ballast
optimization, trim optimization, air lubrication

E.g. highest efficiency and
cleaner fuels

Efficient
Energy
Generation

Vessel
Energy
Need

Power
Distribution

Optimized

Voyage

E.g. lowest possible speeds and E.g. hybrids and associated

optimum routing and digital port battery storage, powetake-in

integration from renewable sources such as
wind, solar
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