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Challenging Times
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= Fuel cells

Need development and clean fuel
Need frequency converters and el. motors.

= Sun and wind Need development and back-up

= Nuclear power Politically and economically not feasible

For a foreseeable future
Diesels will prevail ......
...... using cleaner and less fuels
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Larger Vessels

Mean Lower Cost per TEU per Mile

SFOC
L]
250

200

s

SFOC
025 150 4 ldeal Camat cycle
Kg fuel per TEU per. naut O,
e, ghan
020 100 20
ide . —/L .
GEIGEE
KEOFF GFCA 34
B4VTZEF 180 KGF MCMC-C MEME-C/ME-B
0.10 ~ i AOC100_ NGE .
i 1240 1260 1980 2000 2020 fear
005 . -
i I
1872 1988 2007
TEU 3,000 6500 13,000
KW 30,000 50000 0,000

| Made possible with larger engines
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Two-stroke Engine Programme

2010 3rd edition

MAN BAW Low Speed Propalsion Engines
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Alternative Diesel Fuels

Alternative fuels for two-stroke diesel
engines.

LNG

*Bio fuels

*Any hydrocarbon
*Hydrogen
*Orimulsion

*Coal slurry

*Syntetic fuels ??

PMAN Diesel & Turbo

Dot 2 engines

Tier Il Evolution continued
=Increased scavenge air pressure later closing of exhaust valve (enhanced Miller
timing). Available with proven MAN Diesel &Turbo TCA turbochargers. New
generation of ABB and MET turbochargerrequired.
=Reduced compression ratio
=Increased maximum combustion pressure
=Adjustments of compression volume
=Design changes on Pmax influenced components (mainly cylinder liner, piston,
cover and crossheads)

=General outlines, dimensions, stroke, etc., have been kept unchanged.

<6>

S80ME-C8/9 = original Mk 8/9 engine complying with Tier |

S80ME-C8.1/9.1 = original Mk 8/9 engine complying with Tier Il

S80ME-C8.2/9.2 =the new fuel-optimised version complying with Tier Il
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Enhanced Miller timing . SFOC Optimisation Methods — IMO Tier Il Engines @1

T 1. SFOC optimised load ranges
High Load: 85% - 100% SMCR (standard tuned engine)
Pmax Part Load: 50% - 85% SMCR

Pcomp Low Load: 25% - 70% SMCR

2. Engine tuning methods available for part load and low load optimisations
Higher Psc . EGB: Exhaust Gas Bypass
VT. Variable Turbine Area
ECT: Engine Control Tuning (only for ME/ME-C)

Pscav J ...... Only available for engines with high-effective turbocharger

—t +—P
TDC BDC 3. Examples are shown for the below two engine types

Exhaust valve
i 6S80ME-C8.2 and 6S80MC-C8.2
closing
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SFOC Optimisation Methods — IMO Tier I

Engines ] Engine Tuning Methods

= ME / ME-C engines — example with VT:
Exhaust Gas By-pass, EGB

SFOC

— High-load optimised

— Part-load optmised (VT tunirg}
— Low-load optimised (VT tuning)

Turbocharger Cut-out

% % 70 s Turbocharger Variable Turbine Area, VTA
Engine load % i
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Engine Tuning Methods

Low-load and part load tuning
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SFOC Optimisation Met

ds — IMO Tier Il Engines IMAMN

E3 Cycle = 5% NOX(25) + 11%NOX(50) + 55%*NOx(75) + 20%*NOx(100) < 14,4 g/kWh
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SFOC Optimisation Methods — IMO Tier Il Engines Ql
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Auto-tuning: Potential Fuel Reduction PMI Online + Auto-tuning

I : : . |
Reduction in fuel oil consumption / CO, emission l ‘ Engine type mc | me-B | ME
stop
1barincrease in average p,,., => 0.20-0.25 g/kWhdecrease in fuel oil consumption | Pnax average v v v
@ Pmax balance v v v
| reerence o, i @ Pcomp/Pscay @V. x x v
Potentia I """" (O Pomp/Pssa bal. x x v
(O4 MIP average ) v v
% MIP balance "N | v v
Data .
U Operator Cylinder Pressure sensors
Pure p,,.,level increase . . Gate control PMI on Line
Potential 5-10 bar Balancing + p.« level increase
Potential 1-2.5 G/kWh Potential additional 2-5 bar

Total potential 1.4 —3.75 g/kWh

Gain even with engines already being
operated within recommended limits MC/ME-Engine

MAN Diesel [current topiqL DE4/TON ) FMAN Diesel & Turbo | | <17> MAN Diesel [DEATOA)] PMAN Diesel & Turbo

Timing
control

Flexible and Agile Two-Way Approach

Auto tuning: ME & MC engines for Fulfilling IMO Tier Il

= ction
NOx redul
S ust
e TCP/P I L CoCoS-EDS/ = e witn EGR (B‘hso\'\)
oL PMIPC — Gas Reciroulat
Tier Il NOx
LS PMI DAU
|
Pmax Feedback signals
| I[P converters Cyinger pressares Tier Il SO,
! (MC only) 1 x
PMI sensors
Actuators
Pmax adjustment signals (VIT)
MC/ME Engine
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EGR Principle for Two-stroke

Engine Operating on HFO /\ EGR for Tier Il and Tier Il

ihtvoner

EGR for Tier Il and Tier lll
20

EGR Shut 17,4
vown vaive
Turbocharger § 1 5 i
EGR =< 10 -
> =NO,
EGR - ™
] Cooler g 5 T 314 gooc
and - F
wme Sludge Clean g 0,4 0,5
out  water out 0 -
EGR
brower 5
EGR ] -4,6
Change Existing MIE Reference Tier Il set-up Tier Il set-up
VoA coorers
— Power for EGR blower not included in SFOC values
Other emission parameters (PM, HC) nearly unchanged
feurrent Iogic; P MAN Diesel & Turbo [ {eurrent togic; P MAN Diesel & Turbo |

Arrangement in Engine Room

- a
Shutdown valve

-

Scrubber condition is fine EGR cooler and WMC is fine

MAN Diesel icurrant togic; FMAN Diesel & Turbo | MAN Diesel icurrant togic; FMAN Diesel & Turbo <24>



EGR Service Test Commissioning /—\
MAamM|

Conclusions

Integrated EGR

= EGR control system performed as planned

= Scrubber, blower and EGR cooler had sufficient capacity

=  Pumps, drainers and buffer tank performed well

=  Scrubberunit in perfect condition

= M/Ecoolers and WMC’s locked fine — no deposits or corrosion

= NO, reduction better than expected

? Water Cleaning unit and PH dosing system not operating as expected

?  Cylinder condition not confirmed, only due to too short operation time
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Photographing Combustion ®1 High Speed Imaging of Combustion ®1

= _Mﬁ_\ Mirror Recording with
Cold mirror = 18,000 frames
per seconds

Borescope
= Shuttertime 4ps

Sapphire window

Flame Combustion slowed

down 600 times!

..‘_‘_‘_‘-“

Fedofuiew =

——— 500mm ——
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Cylinder




High Speed Imaging High Speed Imaging

Two-colour Pyrometry . ’ Two-colour Pyrometry

Temperature
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Objectives and Cooperation
SCR selective Catalytic Reactor . ’ Partner

= Objectives
SCR reactor

= Develop commercial high-pressure SCR solutions
Turbocharger bypass

= Meet Tier lll requirements as only installed NO,

1

2

3 Temperature sensor after SCR reducing technology
4

Large motors for

= Applicable with MC, ME and ME-B engines
auxiliary blowers

= High “fuel tolerance”

[&)]

Urea injector
SCR bypass

= Three partners

7 Temperature sensor = MAN Diesel & Turbo Copenhagen

before SCR

8 Additional flange in exhaust
gas receiver

6S35MC

= Engine builder

= Catalyst manufacturer

MAN Diesel [current topic] PMAN Diesel & Turbo | | 31 MAN Diesel [current topic]
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Approved Methods for pre-2000 /—\
MAamM|

engines

= Upgrade from Tier 0 to Tier |1 (NOXx)

= Engines installed on year 1990 to 2000 ships
= Cyl displ. 290L & Engine power >5000kW
= Approved Method available

= Regulation into force 1. July 2010

MAN Diesel [current topic]
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Approved Method

MAN Diesel [current topic]

The Approved Method is available when:

= The designer of the base engine to which the
Approved Method applies, verifies that:

= engine rating is not reduced by more than 1.0%

= Specific Fuel Oil Consumption is not increased
by more than 2.0%

= engine durability and reliability is not adversely
affected

= The cost of the Approved Method is not excessive

PMAN Diesel & Turbo

Approved Method

An Approved Method for an MAN B&W engine consists of a slide valve
(with a newly developed low-NOx nozzle) and, in some cases, minor
performance adjustments.

The application of an MAN B&W Approved Method will result in a range of
benefits, among others:

= compliance with MARPOL Annex VI, Regulation 13, chapter 7

= unchanged or slightly improved fuel oil consumption

« reduced emissions of NOx, carbon monoxide, hydrocarbons and

particulate matter

* improved low-load operation

= cleaner combustion chamber and exhaust gas ways.

The first engine type to receive an Approved Method is the STOMC.
The S60MC and S50MC will follow during the second half of 2010.

MAN Diesel [current topic]
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It is the ship owner’s obligation (when a vessel renewal survey
is coming up following 1 July 2010) to verify whether an Approved
Method has been released for his specific engine.

If an Approved Method is available, the ship owner shall introduce
the Approved Method on board at the renewal survey.

If no Approved Method is available, the engine is in compliance,

but the Class must amend the new IAPP that no Approved
Method exists.

http://www.mandieselturbo.com/AM
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CO2 versus SOx Emission or ECA

MEPC 58 Fuel-Sulfur Decision evasion

MEPC 58 IMO & CARB Fuel-Sulfur Content Limits

Equivalent methods may be used as alternative

5
45
44 | —Global: 45 »35-05 Global
354 |==SECA:15-10-01
3] | —cARBMGO: 1515 0.1 (OMA)
8 CARBMDO: 2.0 0.5 — 0.1 (DMB)
5 25
5
a2 i
2
15 S SECA
1 I
CARB Phase | (€3 €——
05 e I CARB Phase 2
27 |
] . L L T : : |
2000 2005 2010 2015 2020 2025

Year

MAN Diesel [current topic] P MAN Diesel & Turbo [ a0 MAN Diesel [current topic] AN Diesel & Turbo <40>

SOx Removal with Wet Scrubber Scrubber Operation

Gieadddpop

By-pass Steam or Jacket
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Overboard
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Scrubber Retrofit

ww-AQ1 MR G- INDUST RTES COM
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LNG as Fuel for Marine Propulsion
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s

aa

LNG has become HOT as future fuel

LNG fuel supply system /

=

LNG tank

Z

ME-GI main engine /

Reduction with Reduction with

Reduction with ME-GI ME-Gl + WHR  ME-GI + WHR+EGR
CO, (gram per tonne mile) 23% 35% 33%
NO, (gram per tonne mile) 13% 13% 80%
SO, (gram per tonne mile) 92% 92% 94%
Particulate matter (mg per m%) 37% 37% 48%
| <43 > [current topic] PMAN Diesel & Turbo 2

aa

ME-GI: Gas and Pilot Oil Injection

Process flow diagram

123

= N
f—> Pressure i / |
é Foe il
GCU g
—> Gen sets B / i
—> Reliquefaction I A A s
o - "o e 100
] Engine koad (% of MCR)
BOG [ Recondenser —l
< NG Damper
LNG Drum HP Pump ME-GI
.................................... &) Engine
D= ' H
= LNG Vaporizer
Cool down & mini flow line
Fuel Tanks Supply System 2-stroke engines
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Background

= Dualfuel experience since 1994

4T50ME-Gl ready for type

= Well-proven ME technology approval test January 2011

New components

= Double wallgas pipes

= Gas Injections valves

= Large volume accumulators
= ELGlvalves

= Control and safety system

Modified components
= Cylindercover

= Exhaustreceiver

¥

PMAN Diesel & Turbo 46



Gas-pipe-arrangement Test Mock-up
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Design Spiral G-ME Engines

. + 10% lower propeller rom and optimum & : Layout diagrams of proposed series of G-ME engines

Q
A Yy g'fﬁgi‘:':ec;g"’es 2.5% higher propeller 6 compared with existing super long stroke S-ME
8y, < i N ;
? lep, @ y M engines
: o, g & & SMCR power 9
= ) ” o© KW Potential fuel savings of 5-7%

40,0001
Auxiliary o3 ==
Engines, . . 30,000
PTO,PTLWHR Basic Ship
Selection

Dimensions ﬂ ﬂ
:Sh!p type 200001 Higher
Ship capacity Efficienc
*Ship speed ﬂ .

*Ship Particulars _ﬂ i Fuel and
10,000+ ik C0o2

Concerns
e . Savings
* Lubrication of stern tube bearing at very low rpm | achin J050min e
+ Insufficient submerged propeller in ballast condition Bilrimin #amin WEmE 127rmin
« Propeller tip clearence 0Lt t t t 4 t t 4 { |
P P &0 a0 70 BO an o0 10 120 130 140 rfmin
Source: LEE4/BGJ

« Width of bedplate aft end SMCR speed
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Proposed G8OME-C1 and G70ME-C1

for VLCC (with reduced rpm)

319,000 dwt VLCC at normal and at reduced ship speed
Existing and Increased propelier diameater
Proposed GBOME-C1 and GTOME-C1
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Thank you ve  foryour attention

Lars Bryndum

Director Customer Support

Low Speed Diesel Marine
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Shipowner’s Headache in the time to come @1

* Tier Il or Tier lll, 2015

» Operation patternin known and future ECAs
* Economical service speed

* Fuel types and prices

* NO,, SO, and PM abating equipment

* Preparation beyond existing rules

» Resale price of vessel

* CO, energy efficiency considerations

* Low load layout

* Waste Heat Recovery

» And much more outside the engine room

PMAN Diesel & Turbo
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