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LNG Development in Shipping

The " LNG fuel train" appears to be leaving the Station 



© Det Norske Veritas AS. All rights reserved.

LNG Development in Shipping

30th September 2011

Agenda

� DNV’s experience

� The LNG Market Today 

� Introduction to LNG in Shipping
- What are the challenges

� Why LNG
- The environmental consideration
- Financial drivers and infrastructures
- The Rules and Standards

� Technology and innovation
- Where are we today

� Conclusion



© Det Norske Veritas AS. All rights reserved.

LNG Development in Shipping

30th September 2011

3

Sub-
surface

Subsea

Piping 
transportation 
(multiphase and gas)

Offshore production 
facilities (incl. storage, 
processing & liquefaction)

Transport vessel 
(LNG carriers)

Onshore 
liquefaction

Terminal/storage End-user
(gas distribution/ 
power generation)

LNG used as a maritime fuel Break-bulk and small scale 
distribution

DNV deep experience throughout LNG value chain
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DNV London’s - LNG Project Experience 

� Navigational Risk Assessment for LNG Terminal, PRC

� LNG Terminal Pre Start-up Review – confidential client

� Navigational Risk Studies for LNG Terminal - Egypt  - SEGAS

� Technical Consultancy Studies LNG Terminal – Madeira

� Marine Interface LNG Risk Assessment Review – Dragon LNG UK

� Dragon LNG pre start up review – BG UK

� Risk assessment for Mooring at BP Castellon, Spain

� QRA for SEGAS LNG Terminal Jetty, Egypt

� Risk Assessment - Petronet LNG Jetty, Dahej, India

� FSRU navigational assessment review – SBM Monaco

� QG/RG MAN ME-GI HAZID/HAZOP

� Competence development and knowledge transfer program – NLNG Nigeria
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Background - LNG use as fuel before 2000

� DNV approved gas engine installations for ships/ offshore                                     
use (mainly FPSOs). Both dual fuel engines                                                           
and high pressure gas diesel engines.
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DNV has developed expertise on the handling of LNG/LPG
- gas propulsion, gas piping, gas tanks, materials, testing and so on 

over many years.

LNG has been traded and used safely for propulsion for 
more than 50 years and on some 350 LNG carriers LNG 
boil off is used for propulsion
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A selection of vessels which are LNG fuelled built to DNV class!

… other LNG fuelled ships today …

DNV has proven rules for LNG fuelled engines since 2001
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22 North European Cargo, Ferry & Navy ships use LNG and 
16 ordered – all DNV Class (GL has One/One )
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Aside from Europe, new ships are planned in Argentina, Southeast Asia and
the U.S., as fuel savings and tougher emission regulations take effect.
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Fleet development

Development of LNG fuelled ships 
Existing fleet and confirmed orderbook
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Introduction 

� Where will you place your I million dollar bet
- Red or Black

� Its about who will lead
- Taking brave decision today and reaping                                                                                      

the reward in the future

� Chicken or the Egg
- Bunkering facilities
- Usage requirements

� How to overcome public perceptions

� Operational flexibility
- No delay whilst bunkering
- No stoppage of cargo or passenger operations 

� Studies have found that the initial costs for LNG-fuelled propulsion could be 
recouped within three to 10 years, depending upon forecasts for residual fuel oil 
and LNG prices.

9
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WHY LNG  - LNG propulsion gives you:

� OPERATIONAL FLEXIBILITY:
- Open entrance to ECA* zones, also after 2015

- SOx  & PM No emissions
- NOx 80% reduction
- Co2 20%  reduction   

� TECHNOLGY ALTERNATIVE:
- LNG is a supreme alternative to scrubbers, low-sulphur distillate or fleet redeployment

� SPILL RISK:
- Minimized risk of accidental oil spill

� “Wow-factor”:
- Draws positive attention to your ship

� LNG BUNKERING:
- Supports developing the LNG bunkering network

� SHIP’s FINANCES:
- LNG is a viable investment for many owners in several types of trades
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Worldwide shipping – Environmental Impact
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IMO Emission Control Areas, ECA
The Baltic Sea and North Sea are 
regulated as ECAs with limitations 
on sulphur emissions (Previously 
termed SECA).

North American coasts designated 
as ECA by IMO, starting Aug 2012. 
SOx/NOx-control from 2015/2016.!

ECA
ECA

ECA

New ECA?
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Not only ECAs – also EU regulations in EU ports!

ECA (Emission Control Area) requirements:

� Maximum level of sulphur in fuel, 
new and sailing ships:
- 1,0%  by 1st July 2010
- 0,10%  by 1st January 2015

(or equivalent measure)

� Nitrogen emission for newbuildings:
- 80% reduction in NOx emissions 

from 1st January 2016

EU fuel requirements today:

� 0,1% sulphur in ports and inland waterways 
(or equivalent measure)

ECA
ECA

New ECA?

New ECA?

MARPOL Annex VI
NOX reduction
Tier I
Tier II by 2011 by 20%
Tier III by 2016 by 80%
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In ECA’s you have 3 options for SOx removal!

1. LNG as fuel

2. Scrubbers for exhaust gas purification

3. Low sulphur fuel

Low sulphur  fuel

LNG fuel

Scrubber

NOx demands

20152010

Sail 
ships

1850

Coal 
fuelled 
ships

Oil fuelled 
ships

The industry 
is here

…or fleet redeployment,
i.e. give up trading in ECAs!

2016

1 

2 

3 
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LNG is supreme for SOx, NOx and PM removal

Applies for a typical 
general cargo ship

3300 kW installed
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Financial Drivers 
and Infrastructure
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Source: EIA

Current 
LNG fuel 
sales 
price in 
Norway

Growing predicted price disparity oil /gas

Increasing distillate 
prices (demand/ 
production)?

LNG fuel price 
development?
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LNG pricing (volume basis)

4 USD/mmbtu

7-8 USD/mmbtu

10-11 USD/mmbtu
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Economic benefits retrofit – Ro-Ro within ECA
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Reduced fuel costs

Reduced other OPEX

PV b.t.

Delta PV in MNOK (2010)

•Conversion of exiting ro/ro passenger vessel and 17 years remaining 
operation.

•LNG at 12$/mmbtu = 570$/ton and 2,4% inflation vs. MGO at 700 $/ton
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Finance and commercial 
LNG can be  economically better solution for many cases

Current alternatives to meet the future ECA requirements
- Low sulphur fuel (0,1% sulphur), 
- Use HFO and install scrubbers
- Switch to LNG

� LNG saves over a 10 years perspective
- 35% lower than MGO
- 12% lower than HFO with scrubber

� LNG saves over a 20 years perspective
- 45% lower than MGO
- 22% lower than HFO with scrubber

Net Present Value of costs over 20 years
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Rules and 
Standards
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IMO - IGC Code
International Code for the Construction and Equipment of Ships 
Carrying Liquefied Gases in Bulk

IMO - IGF Code
International Code of Safety for Gas-fuelled Ships 
(at present: Interim Guidelines on Safety for 
Natural Gas-fuelled Engine Installations in Ships. Formally 
accepted by NMD - Norway)

SIGGTO
Guidelines for LNG transfer 

OCIMF
Guidelines for Oil transfer, ship to ship oil bunker procedures

Onshore regulations
EU , NFPA, FERC…..

Port regulations 
USCG, local authorities

International and national regulations and guidelines

Flag State, e.g. NMD Regulations concerning
.. cargo ships with natural gas fuelled internal combustion engines.
.. the construction and operation of gas-fuelled passenger ships
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DNV’s active contribution towards improved safety…

Rules for 
Gas Fuelled 

Engine 
Installations
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Rules for Classification

SINCE 2001
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Common beliefs and reality (1)

� “I’d rather run my vessel on low sulphur fuel or install scrubbers. 
Then I will avoid the LNG investment and still comply with ECA 
regulations”

��Looking at the future availability and price of low sulphur fuels, 
and at abatement technology for purifying heavy fuel oil 
emissions, LNG is a good solution for trading in an ECA.

� “LNG technology reduces the available cargo space and thus suits 
only large vessels”

��Development is ongoing to shift from cylindrical (volume 
consuming) to hull integrated tanks which will reduce space 
need and cost. Tankers less of a concern.

� “I have heard that the LNG fuel market is dominated by a very few 
suppliers”

��Still true – but looking into the future the price for LNG to end 
user will become more aligned with the open market LNG price 
(Henry Hub, NYMEX)
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Common beliefs and reality (2)

� “The vessel is forced to bunker at dedicated terminals” 
��True there are currently 12 bunkering stations in Norway, new 

stations planned in Sweden etc. Solutions for ship to ship 
bunkering are under development. 

� “LNG propulsion is not a financially sound investment”
��DNV have carried out a number of studies on different economic 

scenarios and demonstrated that LNG can be a viable solution 
for some trades and ship types even outside Norway
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Technology and innovation - Example general arrangements
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Platform supply vessel

LNG tank
Bulkhead

Dual fuel 
engines
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Example general arrangements
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LNG fuel moves into larger ships

A very first in container shipping 
A very first into worldwide trading 
A very first conversion of an existing large ship
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Ready to retrofit an existing vessel for multi-fuel service

� The project has been based 
on:
- MV Maersk Drury – 5044 TEU
- Built at HHI Ulsan 2006
- Length o.a. 294,1 m
- Deadweight 65.965 mt
- DNV class
- 1 Main engine MAN B&W 

45.760 KW 
- 4 Auxiliary engines MAN 

2100 KW each
- 1 Auxiliary Boiler Aalborg

� Two auxiliary engines and 
auxiliary boiler to be modified for 
dual fuel operation (gas/HFO)
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Conversion project outline

� The principal technical 
elements
- Converting cargo hold to a “Gas 

Technology Room” 
- Additional LNG containers on deck 
- Total LNG fuel capacity 240 + 500 m3

- LNG supply via container only
- Efficient bunkering solution
- Minor loss of cargo space 

� Timeline for completion
- Project started March 2010
- First LNG fuel onboard possible 2012

� Limited economical benefit 
– at least in the very beginning
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LNG on the move as fuel for shipping

Viking Line signing letter of intent for one plus one RoPax with STX. 

Potentially with LNG propulsion. 

Photo: Viking Line
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… and to come …
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� Product carrier (15 000 tdw) with gas fuelled engines

� LNG fuel tanks on deck

� Fuel capacity: 22 days of operation

Conceptual: Energy efficient designs, including LNG fuel. 

Source: Stena

LNG tanks on deck!
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DNV’s Vision - Quantum/Triality & Ecore

36



© Det Norske Veritas AS. All rights reserved.

LNG Development in Shipping

30th September 2011

37

Quantum Series – LNG Propelled Container Vessels

� Technology leader
- Updated rules and guidelines
- Advanced analysis and engineering tools

� Environmental cutting edge support
- Information about new rules and regulation
- Abatement curves
- Triple-E

� Future oriented container ship concepts
- Quantum.6000
- Quantum.9000
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The Triality VLCC – Concept ship by DNV

� Fulfils 3 missions:
- Substantially reduced emissions
- Technically feasible solutions
- Financially attractive
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How is this possible?

� LNG as main fuel 

� A new hull shape and cargo tank divisions: No need for ballast + a more 
energy efficient hull

� Using LNG low temperature to condense cargo vapours (VOC) normally 
released during cargo voyage, VOC used as fuel in boilers during cargo 
discharge

� Using LNG low temperature to cool down scavenger air giving efficiency 
improvement for main engines
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Innovations of Triality - LNG fuelled

� 2 stroke slow speed main engines (300 bar pressure gas, dual fuel)

� Low pressure dual fuel auxiliary engines (or pure gas fuelled) 

� Triple fuel boilers (Natural gas, fuel oil, VOC) 

� MGO as pilot and backup fuel
- No heavy fuel oil installations
- Fulfils ECA requirements also at low load
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Fuel Type Mode

Fuel Gas

Fuel

Gas

Fuel

100% load

Fuel 100%

100% load

100% load

Fuel 100%

Fuel 100%

Fuel-oil-only mode "Minimum fuel" mode

"Specified gas" mode

Pilot oil

Pilot oil

Start GAS

Minimum
GAS

Specified
Fuel

Specified
GAS

GAS

GAS

GAS

•Pilot fuel  can be MDO or HFO and 
correspond to 5% of fuel at 100% 
load

•Gas mode is only available at loads 
above 25%
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ME-GI Fuel Gas Supply (FGS) system

LNG Drum
HP Pump

LNG Vaporizer

ME-GI 
Engine

�
M

PC

Cool down & mini flow line

PC

LNG Damper

Fuel Tanks
Supply System Two-stroke engine

No Boil Off Gas
Pressurized tank

GCU

LNG Drum
HP Pump

LNG Vaporizer

ME-GI 
Engine

�
MM

PCPC

Cool down & mini flow line

PCPC

LNG Damper

Fuel Tanks
Supply System Two-stroke engine

No Boil Off Gas
Pressurized tank

GCU
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Environmental benefits of the full Triality design

� CO2 reduction: 34% (25900 tonnes per year) 

� SOx reduction: 94% (1500 tonnes per year)

� NOx reduction:  28% (500 tonnes per year)
- 82% reduction with EGR (exhaust gas recirculation) – Tier III

� Particle (PM) reduction: 94% (180 tonnes per year)

� VOC emission reduction: 100% of emissions during voyage (3600 tonnes per year 
when 0,2% emission is assumed)

� Ballast free
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Conclusion LNG - Part of the solution

� Technology exists today, only requires assembly in a novel way

� With Proper systematic risk mitigation measures it is safe for shipping

� Deep sea LNG solutions are under development, not matter of “if” but “when”
- Most suitable for ECA and short sea however interest is growing outside

� The business case for LNG as fuel is growing increasingly interesting
- LNG will be an increasing part of the fuel mix going forward
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Safeguarding life, property 
and the environment

www.dnv.com


