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Summary



Development on Emission regulation
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Technologies

Technology categorisation

Engine-internal measures without using additional agents:

Low-NOx tuning

Low-NOx injection
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Engine-internal measures employing additional agents
- “wet technologies”:

Emulsions

Direct water injection (DWI)

WaCoReG

Exhaust after treatment measures
Selective catalytic reduction (SCR



Engine Technology RT-flex concept

The fully electronically controlled common rail system has great 
emission influencing capabilities 
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Engine Technology RT-flex concept

   Pre-injection                Triple injection         Sequential injection

Needle lift

Wärtsilä RT-flex common rail technology

Free selection of various injection patterns
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Cylinder pressure Fuel pressure railInjection pressure



Engine Technology RT-flex concept

Wärtsilä RT-flex common rail technology

Sequential operation of single injection nozzles
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1-nozzle operation for super-dead-slow operation

smokeless down to 10 to 12% rpm R1

(12rpm for 6RT-flex58T-B)



Engine Technology

Low-NOx tuning
Standard for all RTA and RT-flex engines.
All Wärtsilä RTA and RT-flex engines installed on ships with keel-laying on or after 
January 1st, 2000 comply with Regulation 13 of Annex VI to MARPOL 73/78.                            
This has been achieved by means of:

Increased compression ratio

Injection delay
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Injection delay

Modified exhaust valve timing
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The penalty of low NOx tuning is 2 - 3 g/kWh higher fuel consumption



„ Wet Technologies“

Water-fuel emulsion                               

– Limitations due to requirements for heating of the fuel system 
(viscosity of the emulsion)

– Limitations due to the capacity of the fuel pumps

– Load-dependent mixing of fuel and water in the emulsifier
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About 20% NOx reduction can be achieved by operating 
the engine with a water-fuel emulsion.



„ Wet Technologies“

Direct water injection (DWI) 

– DWI system fully 
independent from fuel 
injection system

– Greatest flexibility 
regarding DWI settings 
to optimize NOx
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to optimize NOx
– No limit regarding amount 

of water at any load
��� � w/f ratio ³ 1 : 1 possible

– DWI can be switched on 
and off without affecting 
fuel injection behavior 



„ Wet Technologies“

Direct water injection (DWI) with common-rail syste m
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„ Wet Technologies“

WaCoReG: water-cooled residual gas

Combining water injection with internal exhaust gas recirculation

– EGR: Internal exhaust gas 
recirculation by reduced 
scavenging ports and smaller 
turbochargers 
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turbochargers 
– DWI: Direct water injection to 

reduce combustion chamber 
temperatures and NOx 
emissions

– RT-flex: Common rail 
technology and variable exhaust 
valve timing 
to adjust EGR level

– NOx reduction: up to 70%



Exhaust after treatment

SCR: selective catalytic reduction
Integrated with the turbocharging system                                              

SCR

Air

Static mixers

Urea injection

12 - 30 bar starting air

for dust blowing

p

TI
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T/C

Engine exhaust gas receiver

TI

TITITITITITITI

Urea
Flow dresser

TI

TI
NO
probe

to NO analyser

TI

Engine

SCR system

Shipyard piping



Exhaust after treatment

SCR: selective catalytic reduction
Integrated with the turbocharging system                                              

The Sulzer 7RTA52U main 
engines on the Ro-Ro vessels 
“Spaarneborg”, “Schieborg” 
and “Slingeborg” are equipped 
with SCR reactors.
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with SCR reactors.

The vessels where 
commissioned in 2000

They are operating between 
Gothenburg and Zeebrugge



NOx emissions control technologies
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Fuel consumption / emissions trade-off of various emission 
reduction technologies:
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Waste Heat Recovery Technology

Reducing emissions by improving the overall propuls ion efficiency

Heat Balance Standard Engine
Heat Balance with Heat 
Recovery

Total efficiency 
= 49.3%

Total efficiency 
= 54.9%      
Gain = 11.4%
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Waste Heat Recovery Technology

Reducing emissions by improving the overall propuls ion efficiency

Exhaust gas 
economiser

Ship service steam

Ship service power

G

Turbogenerator
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Principle waste heat recovery system
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Waste Heat Recovery Technology

12RT-flex96C  - Case Study Average aged, average ISO/tropical conditions

Comparison of operating costs

Classic propulsion 
system

Propulsion system 
with heat recovery

Total fuel costs 12’645’000 $ 11’153’000 $

PS: This study was made based on a HFO price of  US$ 170.-/tonne  (3 years ago)
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88.2%

Total maintenance costs 487’000 $ 333’000 $
68.4%

Total lube oil costs 524’000 $ 493’000 $
94.1 %

Total operating costs 13’656’000 $ 11’979’000 $
87.8 %

Annual savings 1’677’000 $



Waste Heat Recovery Technology

You can stop 500’000 tons of CO2  emissions 
from happening per vessel with waste heat 
recovery *

* 12RT-flex96C running at 85% load for 6000 hours per year
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* 12RT-flex96C running at 85% load for 6000 hours per year

10% fuel saving with heat recovery

20 years vessel lifetime cycle



Why look at alternatives solutions?

Environmental pressure
Climate change

Tighter emission regulations
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Tighter emission regulations
SECA
EU
California



Alternative Solutions

– HFO + Exhaust gas treatment
• SCR � NOX

• Seawater Scrubbers � SOx (and Particles)

– MGO
• Only meets the regulation for sulphur 
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• Only meets the regulation for sulphur 
content

LNG 



– Natural gas is mostly methane (CH4)

– Methane contains the highest amount of hydrogen per unit of energy 
of any fossil fuel

• Carbon to hydrogen ratio 1 / 4 (gasoline: 1 / 2,25)

What is natural gas?
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• Lower CO2 emissions

– Natural gas is:
• Non-toxic 
• Colourless
• Odourless
• Lighter than air 

Methane (CH4)

H

H

H H
C Ethane (C2H6)



Cleaner Exhaust Emissions

• 25-30% lower CO2

– Thanks to low carbon to hydrogen ratio 
of fuel

• 85% lower NOX

– Lean burn concept (high air-fuel ratio)

• No SOX emissions
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• No SOX emissions

– Sulphur is removed from fuel when 
liquefied

• Very low particulate emissions

• No visible smoke

• No sludge deposits



Dual-fuel engines

– High efficiency

– Low gas pressure

– Low emissions, due to:

• High efficiency

• Clean fuel

• Lean burn combustion
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• Lean burn combustion

– Fuel flexibility

• Gas mode

• Diesel mode

– Two engine models

• Wärtsilä 34DF

• Wärtsilä 50DF
Wärtsilä 6L50DF



DF Engines - Operating modes

* ** ** * *
*

****
*
*

** *
*

**
*

*
*

Intake of
air and gas

Compression of
air and gas

Ignition by
pilot diesel fuel

� Otto principle

� Low-pressure gas admission

� Pilot diesel injection

Gas mode: Ex. In. Ex. In.Ex. In.
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air and gas air and gas pilot diesel fuel

Intake of
air

Compression of
air

Injection of
diesel fuel

� Diesel principle

� Diesel injection

Diesel mode:Ex. In. Ex. In.Ex. In.



Engine characteristics - Operating mode changes

Lo
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Gas mode:

� Running on gas and MDO pilot fuel injection.

� Automatic and instant trip to diesel mode in 
alarm situations without loss of engine power 
and speed.

� Automatic transfer to diesel mode on request at 
any load without loss of engine power and 
speed.
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speed.

Diesel mode:

� Running on HFO or MDO and MDO pilot fuel 
injection.

� Automatic transfer to gas mode on request at 
loads below 80% without loss of engine power 
and speed.



Case Study: LNG auxiliary power for container vesse ls

LNG auxiliary power for 
container vessels

Economically feasible

Significant reduction of 

Electricity production cost in port
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Significant reduction of 
emissions

Proven Technology 
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� Pay back time less then 4 years



Case study – Reference vessel 

• SCHIFFKO CV 7300
– Length over all 322.34 m
– Breadth 40.00 m
– Draught 14.00 m
– Deadweight 84 500 ton
– Main engine  Wärtsilä 11RT-flex96C
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– Propulsion power 62 920 kW
– Speed (trial) 25.5 kn
– Cargo capacity 7 300 TEU
– Reefer plugs 1 300 FEU



Operation route

Los Angeles – Oakland – Dalian – Busan – Nagoya – Yokohama – Los Angeles
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LNG consumption according to op. profile

OP MODE ton/h hours tons

Loading & Unloading 1.5 138 207.0

Manoeuvring 2.1 6 12.6

Slow with clean* 1.6 10 16.0

236

Running hours 
per roundtrip

Consumption
per roundtrip

LNG
consumption
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236

523 m3
* Only in US West Coast (2 port calls) 

2 x 190 m3 fixed tanks � 380 m3 � bunkering 2 (1.4) times per 
roundtrip



Tank arrangement with containers 1
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• 8 x 31.5 m3 40ft LNG containers

• Total capacity: 250 m3

• Cargo capacity: - 40 TEU



LNG tank arrangement with fixed tanks

Integration during early 
concept design makes 
the LNG system fit into 
the restricted engine 
space
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Fuel prices

USD/ton EUR/ton USD/MBtu

HFO 350 259 9.1

MDO 600 444 14.8
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MGO 700 519 17.3

LNG 336 249 7.2
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Annual cost in selected modes 

1,000

1,500

2,000

2,500

kE
U

R Shore power
Investment
Fuel

- 600 k€
- 300 k€

Auxiliary engine fuel cost in selected modes + aux engine investment cost*
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0

500

1,000

Diesel DF Diesel with shore
power**

Fuel

*Investment cost for aux engines includes:

- Engines + Generators
- LNG system
- Shore power connection

** Shore power 0.09 USD / kWh

Repayment time 15 years
Interest rate 6%



Exhaust emissions – selected modes 

60%

80%

100%

120%

CO2 NOx SOx

- 17%, 1900 ton

- 80%, 190 ton

- 50%, 14 ton
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0%

20%

40%

Diesel DF Diesel with shore power

Includes Aux and Main engine emissions in selected modes (ME: LSHFO, AE: MGO)



Dual-fuel engine references at sea

Petrojarl 1

FPSO

Petrojarl

2x 18V32DF

2x 32’000 running hours

Sendje Ceiba

Stril Pioner

DF-electric offshore supply vessel

Simon Møkster

Kleven Verft

4x 6R32DF

4x 16’500 running hours

Viking tbn (Gass Avant) / hull 29

DF-electric offshore supply vessel
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FPSO

Bergesen

1x 18V32DF

18’000 running hours

Viking Energy

DF-electric offshore supply vessel

Eidesvik

Kleven Verft

4x 6R32DF

4x 19’500 running hours

DF-electric offshore supply vessel

Eidesvik

West Contractors

4x 6R32DF

Ship delivery 2007

More than 226’000 running hours

Viking tbn2 (Gass Avant) / Hull 30

DF-electric offshore supply vessel

Eidesvik

West Contractors

4x 6R32DF

Ship delivery 2008



Fuel Versatility
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Wartsila engine technology developments allows wide  range fuels



Biomass End Fuels Process
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Resource Conversion Fuel Result



Liquid Bio Fuel Variety

*Approved by Wartsila

– Palm Oil
– Palm Stearin

*Disapproved by Wartsila

– Animal based bio oils
– Di-Methyl Ether  DME
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– Palm Stearin
– Rape Seed Oil…
– Transesterified Bio Oils

( Bio Diesel)

– Di-Methyl Ether  DME
– Methanol & Ethanol
– Bio oil – alcohol mixes

* General statement, defer to Wartsila technical guid ance specific to power project

Bio fuel lower heating value yields reduction power  output



Palm Oil versus Fossil Fuels

• Content
– Energy …

– Sulphur …
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– Sulphur …

– Acidity …



Wartsila Liquid Bio Fuel Experience

• Lab          1992 - 2002    
Wartsila 32             1,000 Hr

• Karlburg   2003  - present 
6L32                  > 12,000 Hr

• Pentisilea   2004  - present
3 units 18V32          >  60,000 Hr
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• Va Senales  2005 – present
6L20                >    2,000 Hr



Summary

Emission Reduction Technologies are available
Engine Technology, SCR, Scrubbers

Efficiency improvements reduce emission
Waste heat recovery, propulsion efficiency, ships hull

LNG is an economical- and environmental friendly solution for main 
propulsion as well as generating auxiliary power while ships are in port
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propulsion as well as generating auxiliary power while ships are in port
DF concept is independent on port facilities
The emissions are significantly lower compared to use of MGO

Liquid Bio Fuel Properties acceptable provided cautions observed
Acidity
Solidification properties
Ash Content


