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Chaos . . .
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Difficulties  . . .
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Difficulties  . . .

Higher bunker price

Expensive 
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Expensive 
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Difficulties  . . .

NOx Emission Regulation 

Hazardous 
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Difficulties  . . .
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EEDI (Energy Efficiency Design Index)

Hot 
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Mandatory for new ships > 400 GT

after 1 Jan. 2013 (MEPC 62, July 2011)

Air pollutant (CO2)

EEDI =

Transport work

1. Vessel size to be bigger

2. Engine power to be less

3. Fuel consumption to be lower

4. Ship speed to be higher

Hot 

CO2



Difficulties  . . .

Hazardous
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Difficulties  . . .
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Various Solutions Available

Reduction
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Economic Solutions Available

Economical Economical 
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Environmental Solutions Available

Decreased 

NOx

Decreased 

NOx
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Decreased 
SOx

Decreased 
SOx
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Decreased 
CO2

SOURCE : Costs and benefits of LNG as ship fuel for container vessels(GL)



Where we go ?
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Main Engine 

���� ME-GI or X-DF

FGSS

Generator Engine 

���� HiMSEN DF



What is ME-GI ?

MEME--GI : M EGI : M Electrically controlled lectrically controlled 

GI GI = High Pressure = High Pressure GGasas IInjectionnjection

K2F0/BES/14102312

GI GI = High Pressure = High Pressure GGasas IInjectionnjection



Proven System

ME-GI Configuration

Cyl. Cover with Gas 

Injection valves

Gas blockGas double wall pipe

Sealing oil pump

K2F0/BES/14102313



Chain Pipe-Double Wall Gas Pipe

Gas distribution in ventilated, 

No gas to engine room

Proven System
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Combustion Process of ME-GI

Proven System

K2F0/BES/14102315



Gas block &

Cylinder cover

8S70ME-C8.2-GI

Proven System

ME-GI Engine
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Double wall pipe



What is 2S DF ?

2S DF :2S DF : generation Xgeneration X--DDualual FFueluel

K2F0/BES/14102317



2S DF Engine

Turbocharger / Exhaust waste gate

/ SAC

Cyl. Covers

Micro-pilot + Common Rail

K2F0/BES/14102318

Pre-chamber technology

Gas admission system

Cyl. Liners

Piston & Rods

Engine control & Automation system



2S DF Engine

Micro-pilot + Common Rail Pre-chamber technology

K2F0/BES/14102319

Gas admission system

Engine Control & Automation system



Combustion Process of 2S DF
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What is HiMSEN DF ?

HiMSENHiMSEN DF : DF : 

HiHighgh--touchtouchMMedium edium SSpeed peed ENENginegine DDual ual FFuel uel 
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HiHighgh--touchtouchMMedium edium SSpeed peed ENENginegine DDual ual FFuel uel 



HiMSEN Engine

DF Line-up

0.5MW
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HiMSEN DF Engine

Power Range of HiMSEN DF Engine

H27DF

H22DF

H18DF 525 ~ 1,035 kW

740 ~ 1,850 kW

1,365 ~ 2,850 kW
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H27DF

0 5 10

H35DF

H35DFV

Power [MW]

2,880 ~ 4,320 kW

5,760 ~ 9,600 kW

TAT : Oct. 2012

TAT : Sep. 2014

FAT : Feb. 2015 (for power plant)

1,365 ~ 2,850 kW



HiMSEN DF Main Features

Fuel  System
Fuel Gas SystemFuel Gas System
� Gas regulating unit

� Double wall pipe

� Gas admission valve

K2F0/BES/14102324

Micro Pilot Oil SystemMicro Pilot Oil System
� Filter

� High pressure pump

� Common rail pipe

� MP injector

Diesel Fuel Oil SystemDiesel Fuel Oil System
� Filter

� Fuel pump

� High pressure block

� Diesel injector



HiMSEN DF Main Features

Dual Fuel Operation

Natural GasNatural GasNatural GasNatural GasFuel OilFuel Oil
(Micro Pilot) (Micro Pilot) 
Fuel OilFuel Oil

(Micro Pilot) (Micro Pilot) 
GAS MODEGAS MODEGAS MODEGAS MODE

1%1%1%1% 99%99%99%99%

Fuel OilFuel Oil
(Micro Pilot)(Micro Pilot)
Fuel OilFuel Oil

(Micro Pilot)(Micro Pilot)
Fuel OilFuel OilFuel OilFuel Oil

DIESEL MODEDIESEL MODEDIESEL MODEDIESEL MODE

99%99%99%99% 1%1%1%1%

K2F0/BES/14102325

OttoDiesel



HiMSEN DF Engine

��HiHi--TouchTouch Eco-friendly engine for . . .

� LNG fueled marine vessels

K2F0/BES/14102326

� Fuel flexibility

� Electric control

� Low emission

� Easy maintenance

� High reliability



HHyundai yundai iintegrated ntegrated 

What is Hi-GAS ?

K2F0/BES/14102327

GAGAs s SSupply system upply system for LNG Fueled Shipfor LNG Fueled Ship



Vaporizer

Fuel Gas Supply System(Hi-GAS)

Proven System

K2F0/BES/14102328

Pump



Type C Tank

Proven System

K2F0/BES/14102329



LNG Supply Pump

• Supply sufficient pressure

above the boiling pressure

at any given temperature.

• Two(2) LNG supply pump

Principle layout

Proven System

K2F0/BES/14102330

• Two(2) LNG supply pump

shall be installed in each 

LNG tank with 100% 

redundancy.

Type
Submerged 

Centrifugal Pump

Pressure Low Pressure



High Pressure Pump
Type Reciprocating Pump

Discharge

Pressure
~ 320barg

Driver Gear Driven

Motor With VFD control

HP Pump

Fuel Gas Supply System(Hi-GAS)

Proven System

K2F0/BES/14102331

Motor With VFD control

Power supply 440V/60Hz/3Ph

HP Pump 

Motor



Vaporizer & Glycol Water

(GW) Heating System
High Pressure 

Vaporizer

Shell & Tube Type

Tube Side Shell Side

LNG GW

Glycol Water 

Shell & Tube Type

Tube Side Shell Side

Vaporizer

GW Heat 

Exchanger

Fuel Gas Supply System(Hi-GAS)

Proven System

K2F0/BES/14102332

Glycol Water 

Heating System
Tube Side Shell Side

GW Steam



Prototype Hi-GAS

Fuel Gas Supply System(Hi-GAS)

Proven System

K2F0/BES/14102333



HAZID & FMEA Report HAZID Workshop(GL)

Safety Study & Certificates of Hi-GAS

Proven System

K2F0/BES/14102334

Certificates 

from 

Major Classification Societies



Glycol pump

start

Steam supply

Suction Drum

cool down

BP cool down

Dynamic Modeling & Operation sequence

Proven System

Dynamic Modeling

K2F0/BES/14102335

BP cool down

BP startup

HP cool down

HP Startup

Gas supply

to ME-GI

Dynamic Modeling

& Operating Sequence 



Proven System

Test Result ME-GI & Hi-GAS

Gas set pressure

Actual gas pressure

K2F0/BES/14102336



The world`s first demonstration of The world`s first demonstration of 

MEME--GI with FGSS designed by HHIGI with FGSS designed by HHI

Proven System

Demonstration

K2F0/BES/14102337

9th November 2012



Fuel Gas Supply System for ME-GI

Proven System

LNG/NG to ME-GI Line

Glycol Water Line

LNG/NG to DF Line

M

M

HP Pump

(P-201)

HP Pump

(P-202)

HP Vaporizer

(H-301)

Glycol Water 

Gas Valve

Train

Steam

Vapor Outlet

Liquid Inlet

LNG Fuel Tank

(T-101)

Liquid Inlet

Vapor Outlet

ME-GI

LNG Bunker Station LNG Fuel Tank

K2F0/BES/14102338

HiMSEN DF

HiMSEN DF Engine Scope

Steam

LP Vaporizer

(H-401)

Glycol Water 

Tank

Glycol Pump

(P-401)

Glycol Pump

(P-402)

Glycol Heater

(H-402)

Condensate 

Water

Gas Valve Unit

Glycol Water 

Tank

Glycol Pump

(P-301)

Glycol Pump

(P-302)

Condensate

Water

HiMSEN DF

HiMSEN DF

Gas Valve Unit

Gas Valve Unit

LNG Fuel Tank

(T-102)

Glycol Heater

(H-302)



Fuel Gas Supply System for WCH 2S DF

Preliminary

LNG/NG to 2S DF Line

Glycol Water Line

LNG/NG to DF Line

HiMSEN DF

HiMSEN DF Engine Scope

Gas Valve Unit

HiMSEN DF

HiMSEN DF

Gas Valve Unit

Gas Valve Unit

LNG Bunker Station LNG Fuel Tank
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HP Vaporizer

(H-301)

Glycol Water 

Tank

Glycol Pump

(P-301)

Glycol Pump

(P-302)

Gas Valve

Unit

Steam

Condensate

Water

Vapor Outlet

Liquid Inlet

LNG Fuel Tank

(T-101)

Liquid Inlet

Vapor Outlet

WCH2SDF

LNG Fuel Tank

(T-102)

Glycol Heater

(H-302)



� Flexibility

Welcome !  Any kinds of LNG fueled ships 

On Deck Arrangement Semi-Enclosed Space ArrangementIn Hold ArrangementCompressor Room for LNG CarrierFor Ultra Container Vessel

What’s Better ?

K2F0/BES/14102340



HHyundai yundai iintegrated ntegrated 

What is Hi-GAS ?

K2F0/BES/14102341

GAGAs s SSupply system upply system for LNG Carrierfor LNG Carrier



LNG Carrier

ShipyardShipyardShipyardShipyard HullHullHullHull No.No.No.No. Vessel Type(No.)Vessel Type(No.)Vessel Type(No.)Vessel Type(No.) EngineEngineEngineEngine TypeTypeTypeType DeliveryDeliveryDeliveryDelivery RemarkRemarkRemarkRemark

HHI-SBD 2733/2734 176.3k LNGC (2) 7G70ME-C9.2-GI 2015-09 Twin engines 

HP Compressor (2HP Compressor (2HP Compressor (2HP Compressor (2 sets)sets)sets)sets)

Reference Order Status

K2F0/BES/14102342

7G70ME7G70ME7G70ME7G70ME----C9.2C9.2C9.2C9.2----GI (2GI (2GI (2GI (2 sets)sets)sets)sets)

Gas Valve Train (2Gas Valve Train (2Gas Valve Train (2Gas Valve Train (2 sets)sets)sets)sets)

7H35DF (27H35DF (27H35DF (27H35DF (2 sets)sets)sets)sets)

6H35DF (26H35DF (26H35DF (26H35DF (2 sets)sets)sets)sets)

HP Compressor (2HP Compressor (2HP Compressor (2HP Compressor (2 sets)sets)sets)sets)

Forcing Vaporizer Forcing Vaporizer Forcing Vaporizer Forcing Vaporizer 

System (1System (1System (1System (1 set)set)set)set)

Control SystemControl SystemControl SystemControl System

HPP (2HPP (2HPP (2HPP (2 sets) & HPV (1 set)sets) & HPV (1 set)sets) & HPV (1 set)sets) & HPV (1 set)



System Configuration

Reference Order Status

K2F0/BES/14102343



HP Compressor

H

Reference Order Status

K2F0/BES/14102344

Compressor Package
Weight Capacity

Length Width Height

HP Compressor 10.5 m 3.3 m 4 m Abt. 86 ton Abt. 3,000 kg/hr

H



HP Compressor

Reference Order Status

Gas Supply 

Suction Strainer

Main Equipment on skid

• Pulsation Damper

• Separator

• Gas Cooler

• Control Valves

• Lube Oil System

K2F0/BES/14102345

1 14
/5

4
/5 2 3

Gas Supply 

from tank

Gas Supply 

to ME-GI

Main Electric

Motor



HP Pump & LNG Vaporizer

Reference Order Status

K2F0/BES/14102346

FGSS Package
Weight Capacity

Length Width Height

H.P. Pump + H.P. Vaporizer 6.8 m 5.5 m 3 m Abt. 26.5 ton Abt. 5,000 kg/hr



FGSS Control System

Reference Order Status

Integrated

Automation

System

Operator station 

in E.C.R.

Operator station 

in C.C.R.

Hi-GAS

Control system

Network

Hard wired

HP Compressor

Control system #2

Field Station for PCS/PSD Field Station for PCS/PSD Field Station for PCS/PSD

HP Compressor

Control system #1

K2F0/BES/14102347

HP Compressor #1 Hi-GAS

HP pump

HP vaporizer

Forcing vaporizer

& Gas heater (LP)

HP Compressor #2

Local Operator Station

↑Safety Area

↓Hazardous Area

E.C.R or E.E.R

HP Compressor #1 HP Compressor #2

Local Operator Station

For HP compressor #1

Field Station for PCS/PSD Field Station for PCS/PSD Field Station for PCS/PSD

Remote I/ORemote I/O

Remote I/O
Local Operator Station

For HP compressor #2



HHyundai yundai iinnovative nnovative 

What is Hi-ERS ?

New technology of 

K2F0/BES/14102348

EEconomical conomical RRee--liquefaction liquefaction SSystemystem



System configuration

K2F0/BES/14102349

HHyundai yundai iinnovative nnovative 

EEconomical conomical RRee--liquefaction liquefaction SSystemystem



Economical Re-liquefaction Unit

PFD (Process Flow Diagram)

K2F0/BES/14102350

Patents of Hi-ERS(PCT)

Patents of Hi-ERS(Korea)



Main Equipment

BOG Heat Exchanger J/T valve LNG separator

K2F0/BES/14102351



Main advantages

BOG

Heat exchanger

J-T Valve 

LNG Separator 1) Simplicity

- Simple process and control

2) Economic cost

- No necessary for other refrigerant cycle

K2F0/BES/14102352

3) Compact design

- Small installation space and reducing 

the number of main equipment



HHyundai yundai iintegrated ntegrated 

What is Hi-ReGAS ?

K2F0/BES/14102353

ReGASReGASificationification systemsystem



What is Hi-ReGAS ?

Suction Drum

Booster Pump

LNG Vaporizer

Booster Pump

S.W. Inlet S.W. Inlet

S.W. Outlet

NG to shore

From

Cargo tank

K2F0/BES/14102354

PFD : Process Flow Diagram

LNG Vaporizer

Booster Pump

LNG Vaporizer

Stand-by 

In Operation 



Dynamic Simulation

• Load Change / Start-up / Emergency Shut down Simulation

• HAZID FMEA Study Result Applied

K2F0/BES/14102355

Engine & Machinery Division

[LNG Cargo Tank / Suction Drum][LNG Cargo Tank / Suction Drum][LNG Cargo Tank / Suction Drum][LNG Cargo Tank / Suction Drum]

[Suction Drum / Booster Pump][Suction Drum / Booster Pump][Suction Drum / Booster Pump][Suction Drum / Booster Pump] [Load Change][Load Change][Load Change][Load Change]

[Booster Pump Curve][Booster Pump Curve][Booster Pump Curve][Booster Pump Curve]



FMEA / AIP

K2F0/BES/14102356

Class : GL

Member : HHI-EMD

HHI-SBD

HHI-R&D



Patent pending for FGSS, REL, REGAS

Number of Patents

FGSS Re-liquefaction Unit Re-gasification Unit Others

132 55 6 15

K2F0/BES/14102357



HHI is . . Ready !

K2F0/BES/14102358

HHIHHI--EMD is total solution provider EMD is total solution provider 

for LNG fueled ships.for LNG fueled ships.



Thank you!
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