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Bt R —i% T NOX & SOx#: = %
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o ML MGO +# F 757k EGR

o iz E(Scrubber) + SCR

o e ®Scrubber + EGR
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Tier | and Il are global, Tier lll applied in the NECA areas only! 20
c 18
Norwegian sea g 16 L
% 14 ™~ | Tier!: 1/1.2000, global
—
Baltic sea
North sea y :" 12 --""'--..‘---._____
=]
‘w 10 :
w0 8 Tierll: 1.1.2011] global
Tokyo Bay / £ after 2016, outside emissiohs control areas
. maybe whole Japan @ 5] -
v -76.4%
% 4 ._L_______
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0 Tierlll: 2016, in emission cd ntrol aregs
T
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% M NOxFE *c H jiv— SCR or EGR

NOx Tier lll compliance options

1. SELECTIVE CATALYTIC REDUCTION (SCR)

= MEPC.217(63) — Certification of Marine Diesel Engines fitted
with Selective Catalytic Reduction Systems under the NOx
Technical Code 2008

= MEPC.198(62) - 2011 Guidelines addressing additional aspects
to the NO, Technical Code 2008 with regard to particular
requirements related to marine diesel engines fitted with SCR

EXHAUST GAS RECIRCULATION (EGR) (2-STROKE)
DUAL-FUEL (4 STROKE) ENGINES (6-18MW)

DUAL-FUEL (2 STROKE) ENGINES (GAS MODE + WHR + EGR)
PURE GAS ENGINES (1.5MW to 9MW)*

o &~ 0N

EGR SCR

Fig. 1.02: Two-way approach for Tier lil engine — EGR and SCR solutions
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Bypass matching - 45 = Bore = 70

Tier Il mode Tier lll mode
MCR EGR CBvV EGB EGR CBvV EGB
100
75
Opsen
65 Closed Closad Open Cpen Closad
50
25 Closad
Bypass Matching - Bore = 40
Tier Il mode Tier Il mode
MCR EGR CBv EGB EGR CBvV EGB
100 Closed
0 COpen
75 Closad Cpen Open Closed
65 Closed Open
50
25 Closad

Table 1.05: Conirol valve cperation

Exhaust receiver

EGR siring l
Shut-dowen valve

Scavengeairreceiver

Fig. 1.04: EGR process diagram. Bypass matching
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TC cut-out matching - Bore = 80

Tier Il mode Tier Il mode — TC cut-out Tier 1ll mode
MCR EGR CBvV Tic EGR CBV Tic EGR CBv Tic
100 Mot applicable €l
75 Opan
65 Clossd Clossd  Cutin PEMY  Cutout
Open
S0 Closed Clossd Cutout
25 Closed
Table 1.07: Confrol valve operation
e
30-40% Exhaust Gas = . ‘
Cooling 5 \ ot b—
ceanng [ | e
Recirculating = J fie)
ST 19

Exhaust receiver

Scavenge air receiver
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Cut outT/C
EGR shut down valve

EGR inlet pi
pipe Py

EGR cooler
EGR blower

Water mist catcher

Water mist catcher
EGR outlet pipe

Fig. 1.10: Integrated EGR layout for bypass matching - 6S60ME-C8.2
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o MANZZE R & ¥135~70413 31 &F » $% * By-Pass EGR ; 4-¥%f
80~954 0% 51 &F » # * T/C cut out EGR -

e EcCOEGRHE_¥735| & A 1‘4‘1;‘2 A Tier |13 T’Fﬁ:‘“ 17
35%~A5% LG4 PR a0 B *ﬂ B TR
X Tier 3 F F > & ATier 3% 1 "Fﬁf“ > 3 10%~15%%
LGS AT ﬂ%? faTk o &~ HFF k3L SFOCT Mg i it o
B rlgiz et iﬂf,e'z AR EcoEGRab\;f HE X T Lw T
MAN iz & ECOEGR% % = & 2 HP SCRE: 1T °

e £ 1107 10’9 » MAN & /55 1213REGR3 I & 374 > H 7 8
Ml EFe wp N YEP o
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o ¥4 "% 14,2 SCR/(Selected Catalyst Reduction)

e SCRk $Li% B Ry » BA0% TR 775 2RI » 0 ¢
1 APSCRA F LB 0 % Fok A% A 32 HNCO ~ NH,
% CO, » #ptig ﬁﬂNOﬁ NO,&% B 4 (= 3 1t 4%
titanium dIOXIdE)"E’NH FREts > A fE> % % (Ny)Z -k
(HO,) » 2 X &9k ik 5 2 Wi fids » B 2 4k
T8 A& ¥300~450°C > AR%0 3 A @ Eo
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Upper deck

7o Urea
N 2nd deck Supply
Fig. 1.34: The SCA sy=tem ;
Ventilation
é Bunkering
<—| Enclosed space
3rd deck
[ Y Supply unit Injection unit
TTTTTTTTTYOITTTTTT
| | I
X ® i |
[ S W
| X 111 |1 | 4th deck
i i
' \

1
|
T
o ¥ Floor deck ‘
I ~ | \
| Ventilation 1 |
I 4 /
! LAV \Tarl(lnp N T /)
1 | 4
_- I-'VaporiserlMixerP \ ~—~—/
H - -
Drain | ] ,. iy SCR

Tank : : : reactor

:Tank . Tank !

1

1
Compressor 1 1 1

_____________________

Air supply Sootblower I

ig. 1.47: Example of supply system for aqueous ammonia
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o SCRIF4-F EEX K APTF ezl < 2 4k

» SCRIF4-F B BX £ T ¢ + (LPSCR > 34r+
Bl) > SCRIF4r B ELEBHEAEX L - 4
(HPSCR » 34 = []) »
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o R Re 24 BB A T 3 48 enSCRIL

S CRﬁ%- BB o 1t A AR g
ﬁ% w B e o

e HP SCR (High Pressure Selected Catalytic Reduction)

PR HTIE * 2 AL E 0.1%S5V3.5%S e o

e LP SCR (High Pressure Selected Catalytic Reduction):
PRI X F R E 0.1%S

e £ 310710 > MAN® 53 2533827421 535 ]
FHPSCR&LPSCR3I & 378 » H @ 2033518 ¢ 5

LT 14

o e ) S S e e S e e L e e G e e L S
il il i e e e e el e e e e L ie- e ie-Llife- L ie- e Lalfe-
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ECA compliance - SOx control

A. Use compliant fuel oil
B. Use equivalent e.g., EGCS

C. Use alternative fuels
» Gas - dual fuel or gas only
= biodiesel/methanol

D. Onshore power supply (MEPC.1/Circ.794)

Regulation 14
Sulphur oxides and particulate matter (SOx & PM)

Fuel oil June 2013
% sulphur : Review completion

i by 2018

1.1.2012
20 | | ,[1 12020  1.1.2025
3.504— LS
1
1
1
1
1
]
1
1
1
1.7.2010 I
1.50 -
1.1.2015

1.00 -

I 0.50

1 0.1 —

Time
IMO == Non-ECA ECA
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5 EE0.1%1 T SIMGO/MDO %2 4L »
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A LR H DR G A ok S

 TUBSOXE R 40 P S #5508 2 7 4
I ,
W

R L e T P
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#Bﬂfd"g

o PHL R EM AT open loop (Sea water mode)
» Close loop (Fresh water mode) 2 2 hybrid %




% M SOxPEE 2 H jiF-Scrubber

o

Fig. 2.12: Schematic arrangement of an open loop SO, scrubber system (SW)

Upper deck

i

Upper deck

A\\f inlet Tank fop

~ il
. Wi*l __,/ S

Fg. 2.13: Schematic arrangement of a closed loop S0, scrubber systemn (FW)




4 SOx Pt * H j==Scrubber

Close loop (% 7K f5-3%)
m/v’ﬂ?}'ﬁf %#50%% 3 L4003 ifé E’l Bode » K PR TR 8 S
R dE R EAROPHER R 0 5d R K p‘ﬁ-a—/f@?_%‘%
(mmmﬂm@»ﬁ%ﬁ«#ﬂ»¢@ﬁ@ﬁﬁiwg, b
R 2 a2 ¢ f o mep el s PET Y PET R E R KPR
AR ok Rt o AN 3
His P et o 5 rixiig BRIV E v a2 1%

(process tank) °
Bt d o Tk A r’ﬁ*{»’f I
o %Q"Kifﬁ;ﬁ‘ DL S ENR G SE RIS

FRREF A

3%
R

/J VU 0




% M SOxPEE 2 H jiF-Scrubber

Exhaust
Gas

Closed loop works with
freshwater, to which

NaOH is added for the CLOSEP tOOF

. . —e—h{: ; —
neutralization of SOx. . o TR T
o | § in enclosed area

NaOH unit /ﬂ .
@ Ty i - Fresh water
i Scrubber

l l Water Treatment

Cooling -4
P "I r— : ;
? M P e e e e el IL — I Holding tank
‘l Processtank 7Y 77
T =
1

L
Seawater Shudge tank [~ (/
——

19 © Wartsila WARTSILA 1 9




4 SOx Pt * H j==Scrubber

e Open loop (% "k H25%)
N SR ‘J%’F‘/‘ﬁ'#‘:ﬂ Eopg it s g g s oA o 4g ATt
75 ’}\ /’D/"$pp kU o A ’J\L‘Ef_ 1T /“$E’g f@: & /F‘ B ;J['
FTONGRIFE RN TEIR S PR R ﬁt%? A~ T ““pgp'é/#
PER S 6 UL B N~ T A G
Blm &~ > g Rz BT %K«‘f*k st RN NI AN g S R =

it p s BB R B B TR o T iR R
2R EES KR W B % F %‘%(de aeration tank) » a2
fo e R AT e 2 %5(1‘%1*%; fo > B4 At o
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Sea water mode

PureSOx

SCRUBBER

GAS | WATER

i -
MONITORING

PUMP

«/
|

PUMP




% M SOxPEE 2 H jiF-Scrubber

PureSOx

SCRUBBER

GAS / WATER
..
MONITORING

CIRCULATING TANK WATER CLEANING

COOLER
Y

SEA WATER




4 SOx Pt 2 H jt=Scrubber

2;3“ é\. ;“ Sk ‘/‘f'§§§ (integrated Integrated scrubber

scrubber) F_4- %+ § n 31 &F
(fé Az 5T t&)ﬁﬁlﬁ

#'Elﬁc]rp_g,‘a -—a}fl

BE ;"—:l: R % 1 Diesel engine
gc:- ...P ‘v y S 3@ ? 2 ;}%ﬁ ’ 2 Oil-fired boiler
S AT T < £ = = 3 = 3 Exhaust gas boiler
;IT*‘ ITP #ﬁﬁiﬁij %-SE"L 4 Silencer
) @ ;}’_%_ EIJ ‘/‘7'_"6 ﬁ,/’% ﬁ o iﬁl;' Ji‘)\:: 5 Integrated scrubber

£
E\" g’ﬁ‘ é‘% J‘Zé Ejlj.‘:.l_ {ELE' %[% %ﬁ- *  Mainly for multi-engine ships

Oil-fired boilers can be connected
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Natural Gas As Marine Fuel with Wartsila -

e WartsilaDF5! e ¢ #
RF o AENE
w@,ﬂﬁwxg

;LT ;}7’ I?Ei ;% = j}';ﬂ ~
/.o ’L ;},ﬂ * rl“ﬁ?/}";\‘ 5 85%
. - § 1Y BETE 425%

Emission
S~ _ values [%]
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Gas burning technologies

\CE FO
THE RIGHT CHO i
I C, 1=
MARINE APPLI
:0.000 000.‘000.0.‘0‘0.0.00‘0.0&0000.000&.0.0000% 1
Gas-diesel (GD) engines: Spark-ignition gas (SG) engines: :Dual-fuel (DF) engines:
* Runs on various gas / diesel * Runs only on gas. ‘+ Runs on gas with 1% diesel (gas
mixtures or alternatively on diesel. : mode) or alternatively on diesel
i (diesel mode). H
« Combustion of gas, diesel and air + Combustion of gas and air mixture in ‘ - Combustion of gas and air mixture
mixture in Diesel cycle. Otto cycle, triggered by spark plug ¢ in Otto cycle, triggered by pilot
ignition. . diesel injection (gas mode), or
¢ alternatively combustion of diesel
§ and air mixture in Diesel cycle
¢ (diesel mode).
« High-pressure gas injection. + Low-pressure gas admission. : Low-pressure gas admission.

Dual-fuel (DF) engines 32DF/34DF/50DF

Spark-ignition gas (SG) engines 345G

[ Gas-diesel (GD) engines 32GD/46GD

K7 o3 [E o5 [EH ‘o7 [EE o0 KN o1 KA ‘o3 KA o5 KN o7 KN oo (RN 11 [REE] 13 III“I
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DF-engine

Gas mode:
= Otto principle
* Low-pressure gas admission

= Pilot diesel injection

Intake of Compression of Ignition by
air and gas air and gas pilot diesel fuel
Diesel mode: = In
= Diesel principle
= Diesel injection
= Intake of Compression of Injection of :
i . air air diesel fuel .
[ ol - - * N e C e
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Technology comparison

Technology in gas mode Competitor Wartsila Product
Rolls-Rovee W34SG and W50SG,
Spark ignited engine (Otto) Bergen C25:33 gn d C35:40 not for propulsion
' ' applications.

Lean burn, low pressure,
DF engine (Otto/Diesel)

MAN 51/60DF

W20DF, W34DF, W50DF
Wartisla 2-S RT-flex50

High pressure gas injection
(Diesel)

MAN ME G-

W32GD (and W46GD)
4-stroke engine, not for
marine applications.

Wartsila promotes the DF technology for marine use.
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2-stroke GD-concept HIGH PRESSURE

Principles:

» Engine operating accordingly to
Diesel process

« Injection of gas close to TDC.
Air is completely compressed
and, therefore, high pressure
gas injection (300 bar) is
required.

» No significant NOy reduction

Inilinll - Requires SCR or EGR (not
proven) in order to meet IMO

[]] ﬂ Tier lll levels

—_—
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2-stroke DF-concept LOW PRESSURE

FLDF3 1 & 4

2
A

w®

W—
P

‘PRE-MIXED LEAN-BURN’ COMBU‘iTION

_AF

A

II

J Ul

s . Compression/ Ignition >
cavenging gas admission expansion

Principles:

+ Engine operating accordingly
to Otto process

+ Injection of gas at mid-stroke.
Low pressure gas injection
(<10 bar) sufficient

+ High impact on NO, reduction

+ Meets IMO Tier lll without
after treatment
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Design requirements

1. To meet the Tier lll NOx requirements m
« without after treatment of the exhaust gas

2. Low pressure gas system (< 10 bar)

and avoid compressor or cryogenic
pump
+ lower Capex and Opex
+ lower parasitic load/better efficiency
3. Dual Fuel capability
« operation on either gas or HFO
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Dual Fuel installation ] ' ‘!

+ Regulating the gas pressure to the engine
* One unit per engine

* Enclosed type, no separate room needed
» Vertical and horizontal

* Less than 10m away from the engine

e » Compact

| 5 s * Integrated ventilation with the engine

T ING PAC wisis
-y L

Storage tanks 2 |.'L———— A q-‘.‘
Evaporators 1 | 8 NG PAC wisit

DualFuelMainongine |l
Dual-Fuel Aux engines - = .
Bunkering station(s) T !

Integrated control system k|

2 owiss a2 580 mesig P Botn | I,__ - LNG- ______________ -
 Pressure build pac 1
1 Up evaporator Bunkering line, :
: insulated pipes 1
i i
e e | Bunkers i
1 E ] 1l Gas g1
i  MainEngine il Vaive “ Station I

1 I - I:I

arce I
=| } I
1 1
1
I: ” ﬁ 1
I i
1 1
I 1
1 Bottom tank :
I Water/Glycol filling 1

| system : 3 1
: LNG - gas evaporator =
S S S S p———— -
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2-stoke High pressure

E QO Conceptual Process Flow Diagram

Q Features
DSME HiVAR FGS « HP Pump + HP Vaporizer
*4: LNG STORAGE ,A: . 300 bar Des|gn pressure

" Pressure 3 HP VAPORIZER

3 >300 bar 'A:MEVGDENGINE « BOG Recondensing

« Compact Size

» Low Power Consumption
» Low Noise & Vibration
L;l « Easy Maintenance

Power Consumption Comparison

(for reference)

HP Compressor

System HIVAR

1400 kW 70 kw

Pressure
>300 bar

Pressure
<1 bar
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MAN 5G70ME-C9.5-GI12 WinGD 5X72DF e+t i

MAN-GI WinGD DF
BEIR Diesel{&IR Otto &I
LNGERET] 300 bar 10 bar
SFOC/SGC BRE B =
Pilot oil (DO)E#E BE EE
Methane slip / GHC B E B A=
FGSS -S/ELNG pump FZE AEZE
EGR =2 ARR
KERIBERHE e e
ERECGRZREIE SN TR e
HFE

KaTier IPER 12X MAN Gl + HP LNG + WinGD DF
EGR +/KEBEREIB1HE
#J)HA BY, A RS B
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MAN 5G70ME-C9.5-GI12 WinGD 5X72DF e+t i

1"7#5;.} it vt i 0 MAN-GI3 & Fpisez L and ﬁ‘{;ﬂ;{ b B
EAPM BBk A o 3 R Mwﬁpg\% % % s & WinGD
DFal?aliﬁvfcfm—a‘awﬁrs MEP » 3% % #& 1 5 4
22 %% MSFOC/SGC™ > il iz B & ;}i/ﬂa—
MAN-GI3 | & 4 ‘fu’,«:zﬂﬁpg\. ~h BT E B S o

9
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> BREVE T
o ;& -k it ¥ (FW Generator)
o B f &% % (EGE)
e WHR (Waste Heat Recovery)
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Power Turbine Stand Alone

PTG — Power Turbine Generator

Steam Turbine Stand Alone

STG — Steam turbine generator

Combined Turbines

Steam turbine — Power turbine

MARC_HRS
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Combined Turbine
WHR System - Configuration:

Steam Turbine
1,5- 5,5 MW,
Dual pressure
exhaust gas
boiler

LP







Ship Service Network’

w— Electric Power Generation

PTO: POWER TAKE OUT [ELECTRIC POWER GENERATION MODE) e Electric Power Distribution

MV7000 Convarter Main switchboard

-
B3SCEILUTETER
M- --

Electric Mator . .
PTG Generator 0 "0
gy e PT

Main odvantoges:

o Economic electric power generation:
=  Redundancy of electric power sources [Electric power is supplied by Fiw gereiuwn = une yenmuw s w
the Main gensets)
= Independence of main engine with regord to gensets |no need of gensets to supply main engine
augiliaries]

o Improved Genset integration:
= Less gensets needed onboard | o port of electric power generation comes from PTO generators)
= Less maintenance on gensets (Gensets are not used during free sailing)
= Less nodse, vibrations and besses in emgine control reom |gensets are not used during free sailing]




PTI: POWER TAKE IN [BOOSTER MODE]

Main advantages:

=  Free of charge electric power:

-

G it 3K 3% T 4 (GE Energy i 1)

Ship Service Network

>

= Electric Power Generation
£ lectric Power Distribution

Free of charge
Electric Power

Heat recovery
system

]Jlj]ﬁx-

M
5 Exhaust
L = flow

.

Main switchboard

azszszusasa

o v .-

Increased propulsion power: for shipbuilding of new heavy tankers

power i5 not sufficent, in order to keep only one shaft line. EBlectric Booster is the simplest solution to

mainigin competitive operational vessel speed.

For the some vessel speed, main engine can be smaller: the global thrust power is supplied by main

engine and PTI electric motor.

For the same main engine. vessel has o better overall efficiency. represented by an increase of free

sailing speed.

Allows fuel cost savings 40




Ship Service Network

PTH: POWER TAKE HOME (EMERGENCY MODE)

w— E|ecinc Power Generation
= E|octric Power Distribution

bl

MV2000 Canverter Main switchboard

......
S w Aa wu ww 2e on wn e

Electric Moter
PTO Gererator

ey

~  Notin ' ~
operotion_‘

Main engine

Main odvontages:

o Fully redundant propulsion system:
=  Fully independent propulsion system in cose of main engine failures: in cose of emergency, vessels
fitted with PTH drive are able to maintain maneuverability and reach terminal harbor.
=  Fully compliant with redundancy class specified by classification societies for the minimizotion of
carga loss which con lead to ecological disaosters.
=  Electric propulsion is available in short order: vesseks can stort quickdy in cose of emergency.

o Economical benefits:
=  Main propulsion system only used during free sailing: With PTH drive, main engine are only wsed
during optimum lood conditions so less engine maintenance is needed.
=  Ship-owner can benefit of electrical propulsion advantages during slow speed maneuvers: During
harbor maneuvers and slow speed tronsit, electric propulsion con be wsed. Eleciric propulsion main
advantages are:

*  Fuel savings [better overall efficiency) 41
=  Environmental friendliness {fully complant with harbor regulations)
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Power (%)
A

Rated power in Booster mode Constant Power EXAMPLE:

For BOOSTER mode:

= Constant torque between 40
BOOSTER & 90% of the nominal main
engine speed
MODE = Constant power between 90 &

105% of the nominal main
engine speed

Constant Power

For PTO mode:
’ = Constant power between 80 &
* ol PTO MODE 100% of the nominal main
" e engine speed
ot o> : = Reduced power between 40 &
et » Speed of main 80% of the nominal main
engine (%) \_ enaine speed »

20 30 40 50 60 70 80 90 100 105




34%

Motoring

R T T (GE Energy i i)

WASTE HEAT RECOVERY / PTI & PTO SYSTEM MONITORING

FUNCTION

Steam Utilities

Power turbine (PT)
Steam turbine (ST)
Generator

WHRS

Main Engine

Power
Management
system

h
ﬁ

Gen Set 1

=,

o TTETE
LT T R

GetI\VSet 2

N —
LUTITTR

n l'-l-—u.‘
LLITTTT R

Ship LOAD

Ref.
Container
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