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Introduction — Diesel combustion

by

(N7)

WTZ

Smokeless enriched low temperature combustion

NO,-emissions are caused by

/

4l s

|
|
|

high combustion temperatures 1:
« Early start of injection . ,
* High charge air . /
temperatures 6 /

e Stoichiometric mixture

Conventional
" diesel combustion

Local equivalence ratio
(&)

=  Soot emission is the difference
of soot production and soot 2

\ T- Low-pollution path

oxidation - at rich mixture :
conditions there is no oxygen

0
left for the oxidation process 1000 “V

1800 2200 K 3000

Local temperature

Homogeneous diesel combustion

Source: Author’s illustration based on Neely, G. D. et al.: New Diesel
Emission Control Strategy to Meet US Tier 2 Emission Regulations, 2005
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Introduction — Diesel combustion W%
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Introduction — International shipping (

= International shipping
contributes 42 to 72 % to the
emission of NO,, PM,, and
SO,

I Road traffic Aviation [l Shipping

NO,

15%

=  CO,-Emission is with 15 % on
the same level as aviation but
shipping accounts for more Tk —
than 90 % of global trade in
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yea rs Source: Author’s illustration based on SeaKLIM Final Report, 2011
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Introduction — International shipping

= Increased NOy, SO, and PM
concentration along the major
shipping routes

= PM emissions from international
shipping contributes approx.
60.000 deaths annually
according to Corbett

= - Acute need for legal
requirements to improve the
pollutant emission of marine
diesel engines

Source: Marine Policy Program, University of Delaware, 2004
and Corbett, J. et al.: Mortality from Ship Emissions, 2007
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Introduction — Emission limits N\
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Measures to meet the legal requirements (t

= Four practical measures to meet the IMO Tier III legal requirements

= Exhaust gas recirculation, air separation membranes and dual fuel
operation are investigated at WTZ

IMO Tier III

Fuel water emulsion
Miller process
Charge air humidification

Direct water injection

Exhaust gas recirculation
Air separation membrane

Selective catalytic reduction

Dual fuel operation

0 20 40 60 % 100 120 140 160 % 200
Nitrogen oxide reduction potential Investment costs

Source: Author’s illustration based on Schlemmer-Kelling, U.: Einfluss der Abgasgesetzgebung auf die Motorenentwicklung
von GroBgasmotoren, Sept. 2010 and Thielen, C. and Rulfs, H.: Minderung der Stickoxid-Emissionen auf Schiffen, 2008
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Results — Charge air inerting XA
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Exhaust gas recirculation: Air separation membrane:
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Results — Charge air inerting A
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Results — Charge air inerting -\\\

= Improving the smoke behavior by:
« Usage of fuel water emulsion
« Delaying the start of injection
« Increasing the rail pressure
« Combination of different measures
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Results — Charge air inerting \\\
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Results — Dual Fuel Operation
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= Investigation of dual fuel
operation in combination 1.00 — — :
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Summary

= Gradual tightening of the emission limits for marine diesel engines

= Engine-internal measures were investigated at WTZ RoBlau to
undercut the IMO Tier III NO, limit at invisible smoke

« Exhaust gas recirculation, air separation membranes and dual
fuel operation are measures to meet the legal requirements

= A limit for particulate
emission might follow
within the next years

= The dream of a green
marine diesel engine is
becoming reality!
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