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X LNG as Marine Fuel Il

« Why LNG (liquefied natural gas)?
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X LNG as Marine Fuel Il

« Why LNG (liquefied natural gas)?
o RIFFE: EE400~600/512ms, IRLEIT 8K, rIHFFR60+5F

0 g /5AEE: C:H=1:4, max. energy release per unit of C emission.

o INMEMEE
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X LNG as Marine Fuel

« CH 45
o Tt Tk, FE BT
o BE 0.42~0.46g/cm?3, #YE 5 52MMBtu/t(LMMBtu=2.52 x 10"8cal)
o BETNRWEE -163°C, A1 — 1/600
o BUARE 630~730°C
o IEKERERPR 5% ~15%

Ne SRS BNHURIA



X Sailing on LNG II

e Steam Turbine

o BOG(bolil off gas) as fuel for LNG Carriers

« Gas Engine

o LNG as fuel for all kinds of ships

* DF(dual fuel) Engine
o LNG & Diesel as fuel for all kinds of ships
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X Sailing on LNG Il

Thermal efficiencies %
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X Sailing on LNG, Steam Turbine

e Steam Turbine

o BOG(boll off gas) as fuel for LNG Carriers

» World fleet 2016: total number of ships, by type and size

ship type  |GT<500 | 500=<GT<25000 | 25000<GT<60000 | GT=60000 total
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X Sailing on LNG, Steam Turbine

e Steam Turbine

44000
33000
Z

22000
p_‘z .

. A R2= 0.964
11000 g™ N=205
O | |
0 36000 72000 108000 144000 180000
GT

BACSREENIOZR- BRI ER

Ne SERRAREABIHRIAR



X Sailing on LNG, Gas Engine

* LNG Engine

o Pure Gas Engines
>4S

o LP DF Engines
»>4S
»>2S

o HP DF Engines
»>4S
»>2S
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X Sailing on LNG, Gas Engine II

» Pure Gas Engines - 4S

o LNG as fuel for all kinds of ships

Exh.
<
HILIEDP RSB 1 e ey R EBREER/IMKNR[UIRESSIE
Gas injected during Gas & Air Compressed Electric spark ignition of gas
intake stroke in compress stroke mixture
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X Sailing on LNG, Gas Engine I

Exhaust 72 R

Wostegate solution
(Riternative)

Wostegate control

» Pure Gas Engines - 4S

o Rolls-Royce Bergen B32/35:40 e
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X Sailing on LNG, Gas Engine II

* DF Eng

ine - 4S

o LNG & Diesel as fuel for all kinds of ships

PRSI

Gas injected

[E48PIE

Compress Stroke

[53\ A (SE5H)

Pilot oil injected
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X Sailing on LNG, Gas Engine II

* DF Engine - 2S
o Low Pressure DF 2S engine
o LNG & Diesel as fuel
o Gas admission at mid-stroke
o Ignition by pilot fuel
o Pre-mixed Lean-burn (<16bar)

o As per Otto process

o NOXx Tier Il compliance

Scavenging Compression/ gas admission Ignition - expansion
EERY JE G/ MR AR EK > Bk#MA
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X Sailing on LNG, Gas Engine

* DF Engine - 4S
o LNG & Diesel as fuel for all kinds of ships

Exh.
HIFEP ZFHA EEIEREE=S BEARKCHAR S
Air in during intake Only air compressed Pilot oil and Gas injection

stroke

durini comiress stroke
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X Sailing on LNG, Gas Engine II

* DF Engine - 2S
o High Pressure DF 2S engine
o LNG & Diesel as fuel
o Direct Injection (300 bar)
o Diffusion Combustion
o As per Diesel process

o Requires SCR or EGR to fulfill
IMO NO, Tier Ill standard
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X Diesel cycle vs. Otto cycle Il
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X Pre-mixed Lean-burn

* LP DF Engine

o Methane Number

EFERES [bar]
o 2 O3
1 | 1
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X Pre-mixed Lean-burn

» Theoretically, for complete combustion, Air/Fuel ratio=14.7
 For lean-burning, air excess ratio=2.2, AF ratio>30
o Complete combustion due to excessive air ---> n,1

o Fuel-air mixture adiabatic exponent k 1, thermal loss of cylinder liner |
as burning happens in the middle of combustion space ---> n,1

o Low flame temperature during lean-burning leads to less thermal loss
—==> 0T, NO,|?
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X Formation of NO,, II

 Conditions of NO, formation
o High temperature(>1800K)
o Ample oxygen

o Ample residence time
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X Formation of NO,

 |C Engine
6 | Toremx— NO, | HUamE 3 TR
© T Taittusion— PM |
« Measures to reduce NOXx
> Lowering the %ar AL = ENO, HE I b
compression ratio --->n,| = e Bk R PRI
WO . 18 BE K Fihe l
o Retarding ignition timing \//,,/_\ |
> M R RETI _| | |
o Enriching the air fuel T P =l A P L K\ |
mixture ---> lean-burn “\
o Reducing the amount of - - >~
O, in the cylinder ---> iy W 1

EGR
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X Sailing on LNG Il

* DF Engine - 25 Wartsila vs. MAN-ES
LP DF principle / {&/=DF HP GD principal /&/%GD

Methane slip
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X Hydrogen as Marine Fuel Il

» Hydrogen
o The simplest and most abundant element on earth
o Offers the best energy-to-weight storage ratio of all fuels
o Exists in compound forms, energy required for its extraction
o Liquefied at -253°C
o Carbon-free — No COZ2, but NO, emissions for hydrogen-fuelled engines
o High auto-ignition temperature (585°C) — ideal for spark ignition engines
o Low flammability limit — ideal for lean combustion

o Low ignition energy and wide flammability limits — pre-ignition and knock
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X H, Engines Il

* Pure hydrogen engines
o Spark ignition mode
» Port-fuel-injection (H,)
» Direct-injection (H,)
» Direct-injection (LH,)
o Compression ignition mode
» Surface ignition by a glow plug
»Pre-injection with pilot hydrogen or diesel into a pre-chamber
* Dual-fuel engines

o Hydrogen-enriched hydrocarbons (LNG, biodiesels) and alcohols
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X Ammonia as Marine Fuel Il

« Ammonia
o Liquefied at -33°C

o Carbon-free — No CO2, but NOx emissions for ammonia-fuelled
engines

o High auto-ignition temperature (651°C) — ideal for spark ignition
engines

o Low flammability limit — ideal for lean combustion

o Low ignition energy and wide flammability limits — pre-ignition and
knock
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X NH; Engines Il

« Pure ammonia engines
o Spark ignition mode
o Compression ignition mode
» Surface ignition by a glow plug
»Pre-injection with pilot ammonia or diesel into a pre-chamber
» Dual-fuel engines

o Ammonia-enriched hydrocarbons (LNG, biodiesels) and alcohols
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X Methanol as Marine Fuel Il

* Methanol
o CH;0H
o Boiling at 65°C
o High auto-ignition temperature (464°C)
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X CH;OH Engines Il

« Spark ignition engines
o Pure methanol
o Methanol-gasoline blends
o Methanol-diesel blends

« Compression ignition engines
o Methanol-diesel blends
o Dual-fuel mode

“*Not viable for pure methanol due to low cetane number and long
ignition delay
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