
Faster Freight Cleaner Air East Coast,
10th July 2008

MAN Diesel forward technology design 
as response to maritime emission control regulation s, specifically the IMO 

MARPOL Annex VI Update and EPA’s Final Rule for Control of Emissions of Air 
Pollution from Marine Compression Ignition Engines .
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Kjeld Aabo, Director

Promotion & Customer Support , 2 stroke MAN B&W engi nes



12K98ME-C
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IMO NOX Limitations

Now

1 Jan. 2011
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1 Jan. 2016



Known and Used Solutions
for NOx Control

Up to 98%

From 20-50%
NOx  reduction

To comply with Tier 1 
EPA and IMO NO  code

1) Modification of 
    injection equipmentx
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Up to 98%
 reductionNOx

2) Use of water emulsion

receiver

3) Use of selective catalytic reduction

SCR reactor

Exhaust gas



SCR System

1 SCR reactor

2 Turbocharger bypass

3 Temperature sensor after SCR

4 Large motors for 3
2

1

5
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4 Large motors for
auxiliary blowers

5 Urea injector

6 SCR bypass

7 Temperature sensor
before SCR

8 Additional flange in exhaust
gas receiver

3
6

7
8

4

Deck

6S35MC



Minimum Temperature
for SCR Operation

Needed minimum temperature at SCR inlet
to avoid ammonia sulphate formation
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State-of-the-art

For 4-stroke marine 
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engines
reliable operation only 
proven for fuel sulphur 

contents below 1% 

For 2-stroke the limit is 
1,5 to 2%



Total Emission Control System  
40 MW Power Plant, Buk Cheju, Korea

MAN B&W two-stroke diesel engine 12K80MC-S
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Emission limits:

SOx   <   50 ppm at   4% O 2, dry gas

NOx < 250 ppm at 13% O 2, dry gas

PM   < 30 mg/Sm 3 at 4% O2, dry gas



IMO NOX Limitations Tier III
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1 Jan. 2016



Examined parameters

ME parameter test, the following parameters changed:

Injection timing

Fuel injection pressure

Fuel injection rate (injection profile shaping)
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Fuel injection rate (injection profile shaping)

Fuel nozzle flow area

Exhaust valve timing (open and close)

Cylinder compression volume

2/3 fuel valves per cylinder



Scavenge Air Moisturising
(SAM) System

SAM System

Humidification and cooling of the scavenge 
air by evaporation of sea water

High heat capacity and low O2 in scavenge 
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High heat capacity and low O2 in scavenge 
air give low combustion temperatures

Lower combustion temperatures, lower NOx

Full-Scale test in preparation

Vessel: M/V Mignon 

Owner: Wallenius Wilhelmsen 

Engine: 8S60MC 



Water Stages on SAM System

Sea Water Inlet
Transition piece

S-bend for separation
of residue SW

SW Spray Unit
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Sea Water Outlet

FW Stage1 Inlet
FW Stage1 Outlet

FW Stage2 Inlet

FW Stage2 Outlet

Air Cooler with
Water Mist Catcher

SW mist catcher

Box with FW1 and
FW2 stages



Emission parameters 
at 100% load at zero, 
half and full SAM
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Absolute humidity (vol./vol.) of scavenge air in %
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EGR (Exhaust Gas Recirculation)

EGR

© MAN Diesel A/SL/71949-8.1/0503               (2160/DFA)

EGR



Turbocharger

Scrubber

Water
Treatment
System

EGR- Exhaust Gas Recirculation
Application on 4T50ME-X Test Engine
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Water 
pump

Clean
Brine out

Scavenge
Air cooler

Sludge 
out

EGR
Blower

EGR
Valve

3335234.2007.11.12          (LDF/NK)



Turbocharger

Scrubber

Water
Treatment
System

EGR- Exhaust Gas Recirculation
Application on 4T50ME-X Test Engine
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Turbocharger

Scrubber

Water
Treatment
System

EGR- Exhaust Gas Recirculation
Application on 4T50ME-X Test Engine
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Scavenge
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Water 
pump

EGR
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EGR
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Turbocharger

Scrubber

Water
Treatment
System

EGR- Exhaust Gas Recirculation
Application on 4T50ME-X Test Engine
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Scavenge
Air cooler

Water 
pump
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Turbocharger

Scrubber

Water
Treatment
System

EGR- Exhaust Gas Recirculation
Application on 4T50ME-X Test Engine
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Scavenge
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Water 
pump

EGR
Blower
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EGR- Exhaust Gas Recirculation

NOx/SFOC crossover
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NOx Crossover eq. to -20% per 1g/kWh
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IMO SOX Regulations

3.5

4

4.5

5

MEPC 57 IMO Fuel-sulphur Content
Equivalent methods may be used as alternative 

Global: 4.5 �  3.5 �  0.5
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New ECA areas 
could be?:

USA West Coast

Mediterranean 

Others?

Particulate matter regulated by the sulphur content of the fuel or by scrubber technology

[3335624.19.05.2008          LS/KEA] 21
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Low-sulphur Fuel Operation

Compatibility

of mixed fuels!

Oil
BN

10-40-70!

Fuel change-over unit

High S% Low S%
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Engine

of mixed fuels!

Tank system

considerations!

Viscosity!



Mixing Two Different Fuels 
Case story

Before 
separator

Bunker 
sample

Density @ 
15C

928.0 932.4

Viscosity @ 
50°C

19.5 22.1
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Water 0.2 <0.10

MCR 9 10

Sulphur 1.24 1.54

TSP 0.34 0.01

Total sediment 
accelerated

U/F

Vanadium 92 100

0.60

Source: DNVPS

23

~ A fuels stabillity reserve



Low-sulphur Fuel Operation

Compatibility

of mixed fuels!

Oil
BN

10-40-70!

Fuel change-over unit!
High S% Low S%
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Engine

of mixed fuels!

Tank system

considerations!

Viscosity!



CO2 Emissions per Unit Load
by Transport Mode

Large Tanker

Large Containership

Railway

Coastal Carrier 11

6

3

1
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Source: Ministry of Land, Infrastructure and Transpo rt (Japan): The Survey on Transport Energy 2001/200 2

MOL (Japan): Environmental and Social Report 2004

Coastal Carrier

Small-size 
Commercial Truck

Airplane

Standard-size  
Commercial Truck

100 200 300 400

398

226

49

11

0

Units Relative



Waste Heat Recovery concept

Switchboard

Emergency
generator

Superheated
steam

Exh. gas boiler

Generator,
AC alternator

Reduction
gearbox

Steam
turbine

Reduction gear
with overspeed
clutch

LP
HP

Exh. gas
turbine

Steam for 
heating

LP

© MAN Diesel A/S 263332588.2005.05.25                    (2160/BGJ)

Main engine

Exhaust gas receiverShaft motor/
generator

Diesel generators

Switchboardsteam

Turbo-
chargers

heating
services HP



Crude Oil Market

StatusUS$ p/B
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MAN scrubber
Background 

Objectives Participants Scrubber Goals Test results Ship  test

Development and test 
of scrubber for after-

treatment  

Clean Marine

MAN Diesel 

PM trapping:

>90%

SOX removal: 

>67%

PM trapping:

35%

80% (salts add.)

SOX removal: 

73% 

95% (salts add.) 

M.V. Banasol

7S50MC-C

9MW

Development and test 
of scrubber for after-

Aalborg Industries PM trapping: No results yet! Not identified!

© MAN Diesel A/S

of scrubber for after-
treatment 

Smit Gas

MAN Diesel 

>75%

SOX removal: 

>95%

Development and test 
of scrubber for after-
treatment and EGR 

MAN Diesel 

PM trapping:

>75%

SOX removal:

>90%

PM trapping:

69% 

SOX removal :

87% (NaOH)

7S50MC(EGR)

9MW

.



Two-stroke MAN B&W Emission 
Projects in Progress

� Water emulsion on an 11K90MC engine 

� Low-sulphur fuel operation

� SAM (scavenge air moisturising)

� EGR (exhaust gas recirculation)

© MAN Diesel A/S

� Scrubber and after-treatment

� Fuel change-over device

� Waste heat recovery projects

29



NOx Emission
for MAN B&W Engines
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NOx regulation for Existing Engines

Why regulate Existing Engines:

� Engines installed on ships built before 1st January 2000 are not covered 
by any emission regulation

� a marine diesel engine has a very long service life

� the number of ships is increasing

© MAN Diesel A/S <31 >

� Tier II will only be a NOx reduction of 15% compared to Tier I for the 
larger engines

This means that NOx emissions will increase, or decrease very little at 
least, until Tier III enters in to force

Because of this: many countries want to regulate pre-2000 engines 
(among others: US, Germany, Norway, Denmark)

MFP/LDF4



What engines are covered

Based on MEPC57 the following was decided and approved:

Engines should be limited to:

� installed on ships built 1st January 1990 to 31st December 1999
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� with a cylinder displacement at or above 90 litres

� with a rated output at or above 5000kW

� if a ’Kit’ or ’Approved Method’ is available 

<32 >



MAN B&W Two-stroke Engines

© MAN Diesel A/S3334806.2007.04.11          (LSP/LB)


