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The World 15t LNG-fuelled Containership v

TOTE Maritime s LNG-powered containerships
have been awarded the 2013 ‘Next Generation
Shipping’award at Nor-Shipping. - 4 Jun 2013 -

*  Built by NASSCO Shipbuilding Company
« Designed and Purchased by DSEC
»  Fuel Gas Supply System by DSME

* DSEC is a subsidiary of DSME

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME.



DSME, World Leader in Ocean Technology 4

Company name

Date of incorporation
Revenue

Yard

Employees

Major Products

Website

Daewoo Shipbuilding & Marine Engineering Co., Ltd.
Octoberii, 1973

Over 13 billion USD (2013)

4 million m3

30,000 (including affiliates)

Commercial Vessels

Specialty Vessels

Offshore & Onshore Plants

http://www.dsme.co.kr/

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME.



DSEC, Ship & Marine Total Solution Provider W

Engineering
& Design

B Focusing on Eco-friendly and economical design
(The world’s first LNG fueled containership )

MW Providing optimal solutions using advanced technology

M Ship & marine material package supply for shipyards

EmOn-time delivery service with competitive price

W Quality inspection, commissioning and
non-destructive testing for ship & marine

B Material supply, repair work and test for LNG cargo tanks

B Layout of new shipyards and modernization for operational efficiency

B Shipyard consulting for productivity improvement

Eco
solutions

M LNG fuel supply system retrofit
W BWMS, Energy saving consulting & engineering

This page is reproduced by DSME under agreement with DSEC. No copy or duplication is allowed without prior written permission of DSEC.



The World 15t LNG-fuelled 3,100 TEU Containership v

Cow Containers

40/45/53 ft Container on deck

40 ft Container holds

53 ft Container holds

MAN DFDG

Fructose Tanks
MAN ME-GI ENGINE

Designed by DSEC

Principle Dimension L x B x D (‘approx. 233.0 x 32.2 x 18.3 m) Main Engine ME-GI Engine
Deadweight 31,830 MT (at 10.5 M of design/scantling draft) BWMS Electrolysis type
Cruising Range 10,000 NM (LNG 4,000 NM + FO 6,000 NM)

+ 3,100 TEU (Incl. Reefer : 266 sockets and Cow-container: 4 FEU)
Cargo Capacity + 1,100 m® Fructose tanks
* Various containers (40, 45 and 53 ft) in hold and on deck

Scheduled delivery for the first ship: Q4 2015 / Scheduled delivery for the second ship: Q1 2016

This page is reproduced by DSME under agreement with DSEC. No copy or duplication is allowed without prior written permission of DSEC.



Innovative Technology

= The World 1st LNG-fuelled Containership

- MEGI engine + New FGSS technology (DSME HiVAR®)



HiVAR® System Development

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME. ©



Wwhy the ME-GI Engine?

The ME-GI is derived from the industry’s
standard MC and ME engine.

= Proven design, >20,000 engines in service.

= Diesel cycle high fuel efficiency ~50% versus
much lower for other engine types.

= High fuel flexibility — burn all gas grades without
derating. Burns all fuel types.

» High reliability — same as fuel engines.
= No derating because of knocking danger.
= Negligible methane slip.

» Only demonstrated AND ordered 2 stroke dual
fuel engine.

= Arobust gas combustion —unchanged load
respons — unaffected by ambient condition

- quote from MAN Diesel & Turbo -

This page is reproduced by DSME under agreement with MDT. No copy or duplication is allowed without prior written permission of MDT.



Comparison between Conventional System of LNGC and HiVAR®

v

v' Compressor Driven FGSS System

________

HP Compressor

8— MEGI [¥

HFO

8— MEGI

CAPEX
OPEX
SIZE
Operation

Maintenance

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME.



DSME FGS System Basic Concept

% Conceptual process flow diagram of DSME HiVAR® FGSS

DSME FGSS

psMe HiVAR® rass

HP Pump + HP Vaporizer
330 bar Design Pressure

Compact Size

Low Power Consumption
Low Noise & Vibration

Easy Maintenance

Power Consumption Comparison
(for reference)

HP Compressor  HP Pump +
System HP Vaporizer

1500 kW 100 kW




History D 4
'

2007 HiVAR® Concept Development (DSME’s Patent)
2010 HiVAR® FGSS test skid fabrication completed
2011 1st MEGI engine demonstration in MDT, Copenhagen
2012 2nd MEGI engine demonstration in MDT, Copenhagen
2012 TOTE/NASSCO project (world 15t ME-GI containership)
Teekay ME-GI LNGC ordered (world 1t ME-GI LNG Carrier)
2013 HiVAR® FGSS license agreement with MDT for application to QG retrofit project
2014 16 ME-GI LNG Carriers ordered (DSME)
Researelh Develeprment Appllication

DSME HiVAR FGSS
*LLINGSTORAGE  cussssssssssensessassancany
*2: HP PUMP : -
*3: HP VAPORIZER :
*4: MEGI ENGINE

Concept Development Design and Verification Commercial Application

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME.



Core Technology Development

< DSME Intellectual property rights

-
Patent List of DSME FGSS e
- International Patent Application IE] EmmmmeL e
() EURQ| PRIS2004)
v’ Several patents applied since June 2008 1 e o et e v
: : i ereeminit] (o, foemns (D —
v' Designated States : EP*(Granted), Singapore(Granted), ISPl o imameriiom o S e -
. . . Leeetal ———— Applicakion Mo 2008083720 Pho 183902
China, United Arab Emirates e - P
- &n‘c::;r::uhuwucl E:E?;%;:E\;.;?ﬂ .
* United States Patent o o ][R

1A3) Do o pbaton of mcaton
12112008 Bubetn 20868

-
. -  We deciane that the application has fiad the condiions referred to 30(3){b) or (c) (s
v Several patents applied since Dec 2008 0 e e T e = e b n oors 30 ] o
st N
Stovesme oo, [ u———— 10 shmls)
Orawing(s) 3 sheel(s)
g et g

+ Lae, Jung Man
P

| Attschment : 203128G12-PF 14215 (472KB),
REMARKS(Pioass includs

2y addiional instructions as

wall ss conmet informaton)

- Patented or Patent Application in Korea

v’ Several patents applied since May 2007

[FAYMERT DETALS.

ey
Oficisl Foes (PF14{2004)) 820000 Official Fees Braskdown E14(2004); 58
Normwt ot e et
e - ES———
X EP : United Kingdom, Norway, Sweden, Germany, fi;zmm,m i o
Belgium, France, Denmark, Greece, Switzerland, : ===
Finland
« High pressure fuel gas supply using HP pump and HP vaporizer
is subject to intellectual and industrial property rights y—
protected by national and international legislation.
+ Registered to many countries including US and EU. (Previous arts -
have been exhaustively checked before registration.)
« It would be general protocol among world esteemed companies PY
that patents and related development efforts are fairly respected. °
+ DSME won a patent suit for LNG fuel system at the European ®
Patent Office (EPO) in 2014 [

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME.



Design Approval

< Approvals for DSME FGSS

AIP & HAZID for 14,000 TEU CTN
AIP & HAZID for 7,450 TEU CTN

AIP & HAZID for 318K VLCC

AIP & HAZID/HAZOP for LNGC

AIP (Approval in Principle) for MEGI Fuel

Gas Supply System for LNGC
(Apr. 2009)

Electronicallv oublished bv ABS Busan.

Refere 743. dated 02-APR-2009.
IIIAF“’DD SHIPBUILDING & Reference. IWK/439743
RINE ENGINEERING COL LTD. Prosect Number. 1693549
I! I)mVG. JUNG-GU. Dase: 2 Aoril 2000

SEOUL. KOREA

Aun Mr. Nam.:

Drawings for  DSMEHP00] Rev. A= Aretof Carve Comaressor & Electric Motor Room™
Anocovalin  DSMEJIP-002 Rev A ~Pinine & Instrument Diseram of ME-Gi Envine Fuel
Princicic Gas Snaly Svstem - HIVAR™

DSME-HP-003 Rev. A “Overall Process Flow Diseram - HIVAR™

Rev. A~ Pinine & D-Reli 11
Rellguelactian Plant™
DA-T20-MO01 Rev. A “Are’t of Hieh Pressure Fuel Gas Pioe in E/R™
DA-T20-MO02 Rev. A “Sehensatic Pinine Diarram for Main Ensine in ER”

Gertlemen:

We have vour shove referenced email sramsmintal of 6 March 2009 recuesting our review for an
Anoroval in Princiole and with rezard thereto have to advise that, insofar as our reouirements for
chassihcation are concomed. the amancoments as indicated apocar 10 b satistaciony i association
with follawing notes.

1. Our eeview is inthe only:

e

It is our persoective that there are no kick innovative featares in the sronosed desion and
its concent. Accordinelv. (he cxistine andior extension of the apolicable Rules and
Hezulations mav cover the roposed desion.

-

We alsa referred to the technical reoan of the relevant risk assessment workshoo beld in
vear 2005 in Houston for the anolication of the recommendabons and nole that some
relevant recommendations are reflocted However. 1 is our understandine that duc

on the remamine will be made on the detail desien for

ConunIcnon.

-

We are unable tovenitv the olans in detail singe the soecilic siatasss of the fuid conditions
and all awociaied sveiems are not shown comeleteh. Howsver, it is o persoective that
the subemmed plans as indicated 20pear o be sutistacwry,

"

Drawines for construction are to be submiticd for our asoroval separately.

- confd to Pace 22

ABS PACIFIC DIVESION
Dose CheneKu Busse 600737, Kaees
el 8351468 :m b 3 :mae-mn [P ——

GL, BV

ABS

ABS, DNV, KR, LR

ABS

Concept Appraisal for MEGI High
Pressure Fuel Gas Supply System
(Jul. 2010)
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DARADO SHIPHAMONG & MARINE ENGREERING €O, LTD
MEGI HGH PRESSURE FUEL GAS SUPRLY SYSTEM - CONCEPT APPRAISAL
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DSME MEGI High Pressure Fuel Gas
Supply System — Drawing and Test
Procedure for Prototype Test Unit
(Dec. 2010)

Reference: YGK/yk/661399

G CO.,
AJOO-DONG, KOJE CITY,
KYUNGNAM KOREA Date: 8 December 2010

Shipyard, Facility:  DSME MEG High Pressure Fuel Gas Supply System (HiVAP)
- Drawings and Test Procedure for Protofype Test Unit
Diwgs. as perlist
Your Ref.: DSME-RD-ABS-FGS-1002

We have your sbove reforenced transmittal of 20 May 2010 and cmails of 29 June 2010 and 3

Squlnbu’olo submilting the subject drawings. We huve reviewed Drawing No. DA301DO11

with applicable requirements in the 2010 Sweel Vessel Rules and the ABS

O\IIE‘GPIWS)M for LNG Carriers as well as the HAZID and AIP results for the

HiVAR project, as applicable, a5 per the agrecd scope identified in our fix of 18 May 2010, With
we offer the

A General Commets,
1. Our review of the subject drawings has been limited to the application of the HIVAP
yviem e the et iy which s udrmood o be ended el s 8 rotoqpe it o
bewsed to f onboard ship

2. Dwmmabbenlnmwlbmmﬂmwmhmmi\ﬁn
submittal.

B. Regarding our review of No. DA301DO11, “Piping & Instnmentation of ME-GI High
Pressure Fuel Gas Supply System (HIVAP)” we offer the following commens regasding ABS
\It(llm

1 s-mmimmcr,wnnml,mm&:mol,«lmwmm
point of the ethylene glycol is minus ( - )13 Degree C, amngements should be provided to
casure that the glycol water is supplied to the vaporizers and adequate flow firmly
established prior 10 LNG being supplied to the vaporizers o as 1o avoid any froezing of
the Glycol water (ie. the Glycol supply should be established first and the LNG supply
shoukd be carefully regulated 10 prevent the glycol water from froezing, which coald block
the equipment and cause damage).

2. The materials of all piping components (pipes, valves, finings, etc.) would need to comply
‘with requirements identified in SC-8-6 of the Rales.

3. The pressure ratings, standards of construction and materials of all valves, fittings, ctc.

would need 1o be suitable for the application and pressurc as well as comply with all other

requiremnents and restrictions identified in 4-6-2 of the Rules.

Each size and type of valve, expansion bellows and hose, if any, would require design

review and prototype fest as per SC-8-8/3 thru /7 of the Rules.

>

ABS PACIFIC DIVISION
08 Floor, Kyobo Life Irsarasce 184g., 837, 4-Ka, Chusgang-Dong. Chung-Ku, Busan, 600-7)7, Korea
et Fas: Websie:




Verification: DSME HiVAR® FGS Test Skid 4

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME.



Verification: DSME FGS System - Integration Test with Engine

ENGINE CONTROL SITE FGS SKID SITE

‘—M m-ln..

OVERALL
SYSTEM

INTERATION
TEST

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME.



Verification: Announcement of ME-GI & FGS Development Completion s’

« On 18th of May 2011, MAN Diesel & Turbo (MDT) and DSME jointly announced the development of ME-
GI engine and its application to commercial ships.

 Successful demonstration run of ME-GI engine and FGS system was performed at MDT research center in
Copenhagen.

t Presentation of DSME FGS System

Demonstration run of ME-GI Engine ==p

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME.



Applications: The World 15t LNG-fuelled Ships v

TOTE 3,100 TEU Containership

The World 18t LNG-fuelled
Containership

] DSME HiVAR® System
| Under Construction

| Scheduled delivery in Q4 2015/ Q1
2016

| Teekay 173K LNGC
| World's 15t ME-GI LNG Catrrier S— '
| DSME’s Hybrid FGSS (HiIVAR® + HICOM®) | s N |

e and FG heater
Cnaepns e s - HIVAR® FGSS with HP pump, HP
~ 1 vaporizer and FG heater -

| Under Construction by DSME A o s

Features :

| To be Delivered in 2015 et o

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME.



Status of the Reference Project

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME. '



Successful Test of TOTE ME-GI Engine + FGSS D 4

= —y
- i

— 2t ¥ S = =
uction Ceremony f orld's First ME-GI Engine s
DOOSAN-MDT -C-Gl, TOTE6495
0203, 014

| Official Engine Trial (1st: Jun 2014, 2nd: Oct 2014)
| Engine Delivery to NASSCO Shipyard
| FGSS Operation by DSME R&D Engineers

| Good performance and reliable operation of HiIVAR®

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME.



First Engine Test Result (TOTE project)

Conclusions on the FAT test results done at Doosan:

= ME-GI concept available and confirmed

= Performance and emissions overall meet expectations

= Operation of the pilot fuel injection confirmed to 3.4% Guaranteed 5%
= Operation on low load on gas confirmed to 10% Guaranteed 15%

= Service: Q4 2015

- quote from MAN Diesel & Turbo -

This page is reproduced by DSME under agreement with MDT. No copy or duplication is allowed without prior written permission of MDT.



Conclusion 4

] DSME first suggested HiVAR® system and has patents, which utilizes HP pump

and vaporizer to supply high pressure gas to engine

| DSME has developed HiVAR® system for 7 years including idea & design

development, system verification and realization for commercial application

| The world 15t LNG-fuelled containership and all of LNG carriers with ME-GI
engine have adopted DSME HiVAR® system

| The ME-GI engine trial with FGSS for TOTE project was successfully completed

] DSME HiVAR® technology has contributed to development of shipbuilding

industry by accelerating LNG marine fuel market growth

This document contains DSME's confidential information. No copy or duplication is allowed without prior written permission of DSME.
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