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EdITORIAL

INTROduCINg 
TRIALITy VLCC

DNV’s Triality innovation 
project has produced a 
Vlcc that fulfils three main 
goals: it is environmentally 
superior to conventional 
Vlccs, has technically feasi-
ble solutions and is more 
economical than conven-
tional Vlccs. 

The introduction of inert 
gas systems (Igs), crude oil 
washing (cOw), segre-
gated ballast tanks (sBT), 
double hulls and common 
structural Rules (csR) have 
all been important steps in 
the evolution of oil tankers 
over the last three to four 
decades. All of these im-
proved safety and reduced 
oil pollution of the seas. 
The tanker industry can 
be proud of these achieve-
ments. Now the focus is 

shifting. Emissions to air are 
increasingly on the agenda 
of politicians, regulators, 
media and the public at 
large. The maritime indus-
try can justifiably claim that 
shipping is the most envi-
ronmentally friendly mode 
of transportation.

we have dedicated most 
of this issue of Tanker  
update to the results of 
DNV’s recent internal fast 
track innovation project - 
Triality. The challenge given 
to a strong team of more 
than 35 of our staff was 
to develop a new concept 
Vlcc with the same cargo 
carrying capacity and op-
erational range as today’s 
ordinary Vlcc. The new 
concept was to be charac-
terised by the following 

main features: lNg fuelled, 
ballast-free and capable of 
effectively recovering Vola-
tile Organic compounds 
(VOcs), i.e. significant 
volumes of cargo vapours 
which would otherwise be 
lost to the atmosphere.

you may find the results 
of the project surprising 
and even exciting. The 
project was not intended to 
produce a detailed design 
or develop a complete 
specification. The aim was 
rather to identify possible 
solutions based on existing 
technology. The Triality 
Vlcc will not be contract-
ed in the very near future, 
but the project points in 
specific directions for the 
development of future 
designs. It is worth noting 

that features incorporated 
in the Triality concept may 
well be applied to smaller 
tankers too.

we expect Triality to 
receive a lot of attention. 
some people will applaud it 
while sceptics will come for-
ward with their objections. 
sometimes cooperation is 
a key word for significant 
developments. Designers/
yards, cargo owners/char-
terers, authorities and class 
societies all have important 
roles to play to meet the 
challenges we in the tanker 
industry will face in the 
years to come.

Our challenges may 
call for a bigger step this 
time…!

Enjoy the read.

Jan koren
segment Director tankers
jan.koren@dnv.com
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INNOVATE OR dIE

Innovate or die
in 1954, DNV established its first research department with the sole objective of 
transforming itself from an imitator into an innovator in ship classification. the 

result was a shift away from empirical rules to a science-based rule set.

TExT: ElisabEth harstad, mANAgINg DIREcTOR, DNV REsEARch AND INNOVATION

since then, DNV has continuously invested 
in research and development in order to 
remain an innovator in its business. Today, 
a wide variety of research and innovation 
activities are taking place in DNV, rang-
ing from short-term development projects 
aiming for slight improvements in current 
standards, methods and tools to more 
long-term projects focusing on brand new 
opportunities in a changing world. Our 
longer term research projects are carried 
out by our strategic research unit and 
focus on new knowledge and services with 
a lengthier impact on DNV’s business 
growth, while the shorter term projects are 
carried out in our operational units, ensur-
ing close interaction with the market and 
operational needs. 

The shipping industry’s contribution 
to the reduction of greenhouse gas emis-
sions is a hot topic. more energy efficient 
propulsion, new fuels, new hull forms and 
modified operating procedures are all part 
of the solution. using advanced modelling 
technology, DNV is actively participating 
in a large number of projects, describing 
various pathways to low carbon shipping. 
Our cOsmOs project, which is developing 
advanced simulation tools to optimise ship 
energy systems, is taking a new approach 
to holistic energy system design. Our new 
concepts for a container ship, Quantum, 
and tanker with lNg propulsion, Triality, 
are both examples of a holistic approach 
to ship design.

future climate change will also affect 
the shipping industry in other ways and 
DNV is currently investigating possible 
extreme wave conditions through Extreme 
seas, an Eu-funded project for which we 
are the coordinator. Our position paper 
entitled shipping across the Arctic Ocean 

describes possible scenarios as a result of 
less ice in Arctic waters.

with the expected increased shipping 
and oil & gas activities in the Arctic, DNV 
has established a separate research pro-
gramme focusing on Arctic issues, such 
as ice loads on floating structures and the 

effects of icing. Another DNV-coordinated 
project, Barents 2020 - harmonising 
Industry standards for Application in the 
Barents sea, is an excellent example of 
successful cooperation between Norwegian 
and Russian experts in which Norway’s 
experience of harsh environment opera-
tions in the North sea is combined with 
extensive Russian experience of operations 
in Arctic conditions.

while keeping the environmental 
aspect high on the agenda, the safety and 
security aspects of shipping should not 
be forgotten. Navtronic, an Eu-funded 
project, is investigating optimised weather 
routing, while sectronic concentrates on 
the protection of ships and ports against 
security threats.

At regular intervals, DNV publishes  
Technology Outlook, in which we try to 
predict the future uptake of technolo-
gies in the industries we serve as a basis 
for launching new research programmes, 
acquiring new knowledge and developing 
new services. The future, however, seldom 
turns out as we predict. we believe that 
the future winners will be those that pre-
pare for change and seize opportunities 
as they arise; the companies with a culture 
for innovation will not die! 

Elisabeth Harstad
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TRIALITy PROjECT

short and swEEt!
This exciting task was to be solved within 
a short and intense period of 8-9 weeks. 
DNV specialists from many different 
disciplines were involved. The project 
team included experts in naval archi-
tecture, hull strength, hydrodynamics, 
gas-fuelled ship systems, machinery, gas 
tankers, transport logistics, environmental 
issues and financial analysis. close to 40 
highly qualified DNV employees had been 
involved before the task was completed.

 
what was thE goal? 
firstly, the goal of the project had to be 
clarified: to design a Vlcc with a sub-
stantially smaller environmental footprint 
by reducing emissions of NOx, sOx, 
cO2, particles and Volatile Organic com-
pounds (VOcs) from the cargo tanks 
and, if possible, doing something smart 
about the large volume of ballast water 
normally carried on the voyage to the 

loading terminal. The solutions were not 
to restrict the normal operation of the 
new Vlcc compared to a conventional 
Vlcc and had to be financially attrac-
tive. An important part of the project was 
to prepare financial and environmental 
calculations so that our concept could be 
compared with a conventional “base case” 
Vlcc with the same cargo capacity and 
operational range. 

nEEds first, thEn solutions  
A successful innovation project must map 
the needs first before looking for the 
best solutions. Initial workshops involving 
brainstorming sessions and clarification of 
the needs and scope were held in August/
september. 

The project group started off by 
mapping the typical Vlcc of today 
and its operational patterns, and then 
brainstormed and gathered informa-
tion about different ways of reducing the 

environmental footprint. Avoiding too 
complex solutions that would create extra 
work or barriers to operation was critical 
to the success of the project. The scope 
was soon narrowed down to the applica-
tion of lNg as fuel, finding a good solu-
tion for reducing VOc emissions, trying 
to make a ballast-free hull, and looking at 
possible ways to reduce energy consump-
tion. Due to the short project time, it was 
decided not to include all the available 
energy efficiency means and instead to 
limit the energy efficiency scope to that 
which could be gained as side effects from 
introducing lNg as fuel and a ballast-free 
hull. 

weekly project meetings were conduct-
ed to coordinate the different parts of  
the study. since two of the participants 
were located in singapore and two in 
Trondheim while the majority of team 
members were in Oslo, most of the project 
meetings were held as video conferences.

Extraordinary innovation 
within a short time frame

what are the main challenges facing Vlcc operations in the years to come? the conclusion 
arrived at was improved environmental performance. so when the project team took on the task 
of developing a Vlcc concept of the future, a “green” ship design was given top priority. could 

this also be done without increasing the complexity, and even remain financially attractive? 

TExT: torill grimstad osbErg, TRIAlITy pROjEcT mANAgER, DNV 

DNV’s Triality project:
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TRIALITy PROjECT

›› 
from left to right: maria 
karolina olsson, torill 
grimstad osberg, tobias 
king, ole Øivind skaar, 
christian glørstad, pål 
einar spilleth, anders 
tønnesen, henrik 
larsèn.  
Not present when the 
picture was taken: 
serge schwalenstöcker, 
håvard Nordtveit 
austefjord, sofia 
fürstenberg (singapore), 
eirik fernandez cuesta 
(trondheim), ingar 
Bergh (trondheim), leng 
yew ming (singapore).

thE projEct tEam and othErs that contributEd
The extended project team consisted of the following:

NAmE RESPONSIBILITy/RELEVANT COmPETENCE

torill grimstad osberg project manager, gas fuelled ships, tanker cargo systems

serge schwalenstöcker ship design

henrik larsén financial analysis

sofia fürstenberg environmental assessments

eirik fernandez cuesta routes, operational profiles, market fw as return cargo

håvard Nordtveit austefjord hydrodynamics

pål einar spilleth gas tanks

ingar Bergh lNg market assessments

tobias king ship design, ballast-free ship

maria karolina olsson hull strength of oil tankers, Voc

ole Øyvind skaar financial assessments

leng, yew ming market evaluations asia, lNg pricing

anders tønnesen energy efficiency

christian glørstad hull strength of oil tankers, steel weight calculations

THE STEERINg 
COmmITTEE:

Jan koren, segment 
Director tankers
lars petter Blikom, 
segment Director lNg
morten lerø, head of 
section tankers
kang, seog tae, senior 
customer service 
manager, korea

Other contributors were: Atle Ellefsen, 
Eivind Neumann-larsen, Adam larsson, Tor-
mod gjestland, Oddvar Deinboll, Eivind Ruth, 
Olav Tveit, martin Davies, gabriele mazza, 
Odd Andersen, Arnt Egil Ræstad, Ingar sarnes, 
Evangelos Boutsianis, Tormod Ravnanger  
landet, harald Bergsbak, Zang, yuelong,  
wang, jian Zhong, johan Vedeler, christian 
Andersson, cosmin ciortan, Tom B. hansen, 
Vidar Ådnegard and Arthur Iversen.

DNV’s 3D modelling centre in poland pro-
duced a 3D model of the ship. Innoco As ran 
the initial workshop. making waves As pro-
duced animations, pictures and presentation 
material.  mAN Diesel & Turbo, hamworthy 
gas systems, Bw, yarwil, hamworthy moss, 
wartsila, Oceansaver, h + h, couple system 
and other external parties provided useful 
information.

you can read about the project’s results and 
conclusions in a number of articles in this issue 
of Tanker update, and a separate brochure has 
also been published. 
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last august, DNV started an internal fast track innovation project. the task was to 
develop a concept Vlcc which was environmentally superior to and more economical 

than conventional Vlcc designs, all based on technically feasible solutions. 

TExT: torill grimstad osbErg, TRIAlITy pROjEcT mANAgER, DNV 

THE TRIALITy VERy LARgE CRudE CARRIER (VLCC) 

setting the direction for 
the development of future 

crude oil carriers?

thE following spEcial fEaturEs 
were identified,
1)no need for water ballast as a conse-

quence of the new hull design and new 
cargo tank divisions

2)lNg fuel for propulsion and auxiliary 
power. Vlccs currently use heavy fuel 
Oil 

3)use of low-temperature lNg for: 
-  recovering Volatile Organic compounds 

(VOcs), i.e. hydrocarbon gases from 
cargo oil which would otherwise be lost 
to the atmosphere. The recovered VOcs 
can be used as fuel in addition to lNg 
and marine diesel oil for auxiliary boil-
ers producing steam for cargo pumps 

-  cooling scavenging air for the main    
   engines 
-  engine cooling
-  possibly also other functions like air  
   conditioning, operating freezers,  
   refrigerators, etc.
Throughout the project, the Triality Vlcc 
has been compared with a conventional 
Vlcc design from an environmental and 
economic viewpoint . The conventional 
design is used as the base case.

triality’s main dimEnsions: 

length over all 361 m

length betw. perpendiculars 351 m

Breadth over all 70 m

Depth 27.52 m

Draught at ap, loaded 22.2 m

Draught at fp, loaded 21.9 m

Draught at ap, unloaded 9.0 m

Draught at fp, unloaded 5.1 m

Block coefficient, loaded 0.60 -

Block coefficient, unloaded 0.52 -

location of engine room 
bulkhead, in front of ap

50 m

location of collision 
bulkhead, in front of ap

330 m

cargo tank volume 358 000 m3

Deadweight 
(0.799 t/m3 density crude)

291 300 
tons

lightship weight 50 600 tons

service speed, loaded 15 kn

service speed, unloaded 16.5 kn

maximum range 25 000 nm

the triality is an innovative 
concept Vlcc that fulfils 
three main goals:
1. it is environmentally 

superior to conventional 
Vlccs

2. it has technically feasible 
solutions

3. it is economically better 
than conventional 
Vlccs

the name triality refers 
to the three points above 
as these were the three 
main objectives of the DNV 
innovation project. triality 
is defined as “three united, 
state of being three.”

 
torill grimstad osberg
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THE TRIALITy VERy LARgE CRudE CARRIER (VLCC)

BASE CASE VESSEL BALLAST-FREE

lpp 320 351

loa 333 361

B 60 70

t design mean 21 21.6

t w/o cargo mean 9.8 6.3 (before updated steel weight)

wetted surface w cargo 28 000 28 500

wetted surface w/o cargo 20 000 13 000

Triality is wider and longer than a con-
ventional Vlcc, but still consumes less 
energy. This is due mainly to its reduced 
wet hull surface and consequently lower 
frictional resistance, but also to its improved 
hull shape (lower block coefficient).

comparison bEtwEEn thE basE casE and ballast-frEE vEssEls:
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OPERATINg PROFILES

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Triality VLCC 

Conventional VLCC 
2012-2020 

Conventional VLCC 
2020- 

Time 

VLCC Operating Profiles 

Sailing Loaded 
Sailing Ballast/Empty 
Waiting 
Loading 
Discharging 
Port Manouevring 
ECA - Sailing Loaded 
ECA - Sailing Ballast 
ECA - Waiting 
ECA - Loading 
ECA - Discharging 
ECA - Port Manouevring 

›› 
figure 1: Vlcc trade 
lines (source: euronav 
annual report 2009)

›› 
figure 2: operating 
profiles of Vlccs

To address this, a realistic operating pro-
file has to be constructed. A good operat-
ing profile must reflect the:
-  characteristics of the crude oil market 
-  typical sailing and operational patterns 

of Vlccs
-  availability of lNg for bunkering
-  effect of the expansion of Emission con-

trol Areas (EcAs)

crudE oil markEt and tradE linEs
The flow of crude oil export is decisive 
for the Vlcc sailing pattern. Oil is the 
world’s most traded commodity in terms of 
both value and volume. According to the 
us Energy Information Administration*), 
83.7 million barrels of oil, approximately 
valued at usD 5 billion, were consumed 
daily in 2009.  Roughly 60% of this had at 
some point been on board a ship. A con-
siderable amount of this transport work is 
done by Vlccs sailing the world’s major 
crude oil trade lines. These trade lines are 
depicted in figure 1.

The majority of the Vlcc routes 
originate in the gulf. figures issued by 
clarksons suggest that as many as 75% 
of the routes start here and end in major 
markets such as East Asia, Europe and the 
us**). Of these, the gulf – East Asia route 
is the dominant one, and its dominance 

in order to measure the economic and environmental performance of the triality Vlcc, an 
operating profile representing the expected sailing patterns of both triality and the baseline 
conventional Vlcc is needed. with the forthcoming introduction of ecas and the use of 

lNg as fuel, operating profiles based on historical data could prove to be inaccurate.   

TExT: Eirik fErnándEz cuEsta AND ingar bErgh, lOgIsTIcs cONsulTANTs, DNV proNAVIs

OpERATINg pROfIlEs
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OPERATINg PROFILES

is expected to increase over the coming 
decades.  
 
lng bunkEring There are currently 
very few lNg bunkering possibilities 
outside Northern Europe and none are 
suitable for a Vlcc. Technically, it is 
fully possible to bunker from lNg stor-
age tanks ashore or directly from an lNg 
feeder or bunker barge. The lNg fuel 
may be transferred via a flexible hose or 
a special rigid arm. Quite a few lNg pro-
duction and export terminals exist in the 
gulf area. These are excellent sources for 
local lNg fuel distribution. The distribu-
tion of lNg as fuel is now being studied 
in various other places in the world and 
is expected to develop gradually over the 
next few years. In our study, the current 
bunkering of lNg is assumed not to affect 
the Vlcc’s operating profile to any large 
extent. 

practical alternatives for lNg bunker-
ing include:
- Bunkering from an lNg feeder/barge 

that is docked alongside the Vlcc while 
the Vlcc is at the loading/discharging 
terminal or at sea/anchor. such opera-
tions must be carried out according to 
the instructions of the terminal or port 
authorities.

- Bunkering from land-based lNg storage 
tanks (at the oil terminal). The vessel is 
in such case berthed at an oil terminal 
and bunkering from a shore-based lNg 
bunker tank which is filled from lNg 
feeders or bunker barges.

Emission control arEas
The future introduction of EcAs has no 
impact on the operating profile of the 
Triality Vlcc as the vessel runs on lNg. 
however, this will impact the operating 
profile of conventional Vlccs as these 
vessels will need to either use a scrubber 
or perform a fuel switch to meet the EcA 
requirements. The North sea is already 
an EcA and the sea off the coast of North 
America will become one in 2012. In addi-
tion, the mediterranean sea and port of 
singapore will probably become EcAs in 
2020.   

opErating profilEs
In order to create the operating profiles, 
three representative routes were chosen 
from among the major ones and weighted 
to make one overall operating profile for 
Triality. The chosen routes were the gulf 
- East Asia weighted by 65%, the gulf – 
us weighted 20% and the gulf – Europe 
weighted 15%. The Triality’s operating 

profile was then calculated using informa-
tion about typical port waiting times, port 
manoeuvring times and the time taken 
to load and discharge cargo in each port. 
similarly, the operating profile for a con-
ventional Vlcc with the same sailing pat-
tern was estimated after taking the EcAs 
into account. 

figure 2 shows that the conventional 
Vlccs are expected to spend 5% of their 
time in an EcA from 2012, a figure that is 
expected to increase to around 8% after 
2020. In addition, the emission require-
ments within the EcAs will become stricter 
with time. Because Triality is lNg fuelled, 
it does not have to perform a fuel switch 
or scrub its exhaust gas to meet the emis-
sion requirements. This contributes signifi-
cantly to the Triality’s favourable perform-
ance. 

 

eirik fernández cuesta ingar Bergh

*) Source: http://www.eia.doe.gov/oil_gas/petroleum/info_
glance/petroleum.html
w) Source: www.clarksons.net
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NATuRAL gAS FuELLEd VLCC

lng as a ship fuEl - not rEally 
anything nEw
liquefied natural gas (lNg) has already 
proven viable as a ship fuel. There are now 
a number of ships in operation using lNg 
as fuel, and a lot more are on the way. 
Apart from gas carriers, these ships mainly 
operate in Norway and are primarily 
smaller ships in local trade. As the class 
society that has approved all the gas-
fuelled ferries, cargo ships, coast guard 
vessels and so on this far, DNV has played 
a central role in the development process. 
however, although lNg as a fuel is no 
longer a novel technology, some new solu-
tions are necessary when introducing lNg 
in large Vlccs in international spot trade.

Enough lng fuEl capacity for a 
trip around thE globE
The two impressive 6 750 m3 liquefied nat-
ural gas (lNg) tanks are the most visible 
difference compared to the smaller lNg-
fuelled ships. The lNg capacity is enough 
for 25 000 nautical miles of operation. 
This gives the same operational flexibility 
as other Vlccs, and is enough for a round 
trip from the gulf to the us without re-
fuelling. In comparison, the circumference 
of the Earth at the equator is about 22 000 
nautical miles. Vlccs have a lot of space 
available on the cargo deck and this is 
where we have placed the tanks. 

They are located about 10 metres from the 
ship side and their outside insulation is 
protected by the surrounding deck houses. 
The deck houses also provide the added 
benefit of protecting the tanks from, for 
instance, a cargo deck fire or impact. The 
insulated pressure tanks can accumulate 
boiled-off gas for several days without any 
need for a re-condensation system even if 
gas from the tanks is not consumed. This 
type of tank (called ImO type c) is reliable 
and results in very simple fuel system oper-
ations  since the pressure in the tank 

two large deck tanks inside deck houses on the tank deck are the most visible difference between a 
conventional Vlcc and triality. But the resulting emissions reductions are even more remarkable!

TExT: torill grimstad osbErg, TRIAlITy pROjEcT mANAgER, DNV 

Natural gas fuelled Vlcc
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NATuRAL gAS FuELLEd VLCC

can be used to transfer the gas to consum-
ers on board. All the tank connections lead 
from the domes on top of the tanks to a 
separate fuel gas room where the necessary 
process equipment is located. Other tank 
types have also now been developed for 
use as lNg bunker tanks - prismatic tanks 
can provide better space utilisation in ships 
where space for lNg is limited. however, a 
lack of space is not a problem on Vlccs.

high EfficiEncy main EnginEs and 
no morE hEavy fuEl oil
The second difference compared to the 
smaller gas-fuelled ships is that we have 
introduced large two-stroke dual fuel main 
engines. This engine type will soon be 
available from mAN Diesel & Turbo and 
has the same high efficiency as other two-
stroke engines, burning natural gas with a 
pressure of 300 bar and using fuel oil for 
ignition. we have developed two versions 
of the lNg-fuelled Vlcc, one of which 
has a conventional Vlcc hull while the 
other has the new ballast-free hull. The 
natural gas installations are the same, but 
the conventional hull has one main engine 
with a fixed pitch propeller while the 
ballast-free ship has two main engines and 
propellers because of the reduced draft in 
an unloaded condition. 

The generator engines are designed 
for lean burn dual fuel operation and low 
pressure gas. such four-stroke engines may 
also be an option as main engines for the 
Triality ship with two main engines, but 
they have not been particularly developed 
for direct mechanical operation. The lean 
burn four-stroke engines have the advan-
tage of directly meeting even the strictest 
NOx emissions requirements for ships built 
after 2016 (Tier III) but are slightly less 
efficient. The two-stroke gas engines also 
directly reduce NOx emissions by about 
13% compared to oil-fuelled engines, 
but not down to Tier III levels. Accord-
ing to mAN Diesel & Turbo, however, the 
necessary reduction to comply with Tier 
III can be obtained by using exhaust gas 
recirculation. 

In addition, the auxiliary steam boil-
ers can burn natural gas but also have the 

option of burning 
fuel oil or VOc 
(see separate chap-
ter about our VOc 
emissions reduc-
tion solution).

low sulphur 
marine gas oil 
is used as pilot 
fuel in the main 
engines for igni-
tion and back-up 
fuel. This means 
that even when the 
two-stroke main 
engines have to 
switch off gas oper-
ation below 25% 
loads, the emission 
control area (EcA) sulphur level require-
ments can be met. The machinery can also 
operate fully on fuel oil. The project has 
assumed that the ship will burn gas in all 
normal operation modes except during  
low load situations.  full back-up fuel oil 
capacity is therefore not included. 

The above concept also has the great 
benefit that the complex heavy fuel oil 
installation normally used in Vlccs is 
omitted.

high and low prEssurE gas supply 
systEms
The gas supply systems for the high pres-
sure main engines and low pressure con-
sumers are different. liquefied natural 
gas has a temperature of about -140°c at 5 
bar pressure, which is about the pressure 
maintained in the tanks. This pressure is 
sufficient to send liquefied gas to the high 
pressure pumps, delivering liquid with 300 
bar pressure to the high pressure vapor-
izer, which in turn delivers gas with a tem-
perature of 45°c to the main engines. The 
high pressure pumps are energy efficient 
and the energy consumption is comparable 
to that of regular high pressure pumps on 
a diesel engine.

The low pressure system has no moving 
parts - the tank pressure pushes the lique-
fied gas through the low pressure vapor-
izer and on to the consumers. pressure 

build-up units are heat exchangers used 
to regulate the tank pressure. The loop is 
operated automatically to keep the pres-
sure in the tanks within the preset value of 
5-6 bar that is needed for the supply to the 
consumers. 

Each tank is also equipped with a sub-
merged pump; this can be used to transfer 
lNg from the tanks when the tanks are 
not pressurised. 

EnvironmEntal bEnEfits
The emissions reductions gained from 
switching to natural gas as fuel are first 
of all an impressive 94% reduction in 
sOx and particles emissions since lNg is 
sulphur-free. Natural gas, which mainly 
contains methane, has less carbon per 
energy content than oil fuels and therefore 
emits less cO2 when burned. On the other 
hand, methane itself has a greenhouse gas 
potential that is 21 times higher than cO2, 
and four-stroke gas engines emit some 
unburnt methane, called methane slip. 
This eliminates some of the positive effects 
of the cO2 emissions reduction. The two-
stroke main engines used in our project do 
not have a methane slip problem due to a 
different engine cycle. some gas will still 
be released from the piping system during 
operation, but this is little compared to the 
24% cO2 reduction due to the combustion 
of natural gas instead of heavy fuel oil. 

›› 
triality has two large two-stroke dual fuel main engines (maN).
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a conventional Vlcc uses ballast water for two different parts of its operations. in 
unloaded transit condition, the ballast is needed to obtain both a fully submerged propeller 

and enough forward draft to avoid bottom slamming. During cargo operations, ballast 
water is used to reduce bending moments and compensate for trim and heel.

TExT: håvard nordtvEit austErfjord AND sErgE swalEnstockEr, DNV

ThE BAllAsT-fREE shIp

›› 
figure 1 - early sketches of the ballast-free concept

serge schwalenstockerhåvard Nordtveit austerfjord
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A tanker’s ballast operations give rise to 
two main unwanted effects: 
n ballast water contains organisms that can 

cause damage when released to foreign 
ecosystems 

n additional fuel is needed to transport 
the ballast water 
Triality’s tank arrangement and hull 

shape eliminate the need for ballast in its 
operations.  

ballast-frEE hull shapE
In order to have a ballast-free Vlcc, some 
drastic changes in the hull form are need-
ed. A conventional 300k DwT Vlcc in 
lightship condition will typically float with 
a mean draft of 3-4 metres - with the bow 
and propeller almost out of the water. To 
increase the draft in lightship condition, 
a more V-shaped hull has been developed 
for our concept ship.

Our concept ship is designed to carry a 
certain volume of cargo. The main target 
during the hull design phase was to mini-
mise the resistance and optimise the pro-
peller conditions.

figure 2 shows that a ship’s resistance 
is typically divided into viscous and wave-
making resistance. wave-making resist-
ance becomes important when the speed 
increases. Traditional Vlccs operate at 
moderate speeds and their resistance is 
dominated by viscous effects. The viscous 
effect is proportional to the vessel’s wetted 
surface and a shape factor which depends 
on the hull geometry. 

Our main focus was on minimising the 
weighted sum of the wetted surface in fully 
loaded and unloaded conditions. Triality 
will spend approximately the same time in 
loaded and unloaded conditions and these 
have therefore been weighted evenly. This 
optimises the total resistance of the com-
plete voyage.

A box-shaped parametric hull was cre-
ated to minimise the wetted surface for 
the required displacement. The following 
parameters for the submerged part of the 
vessel may be varied: 
n Draught
n Breadth on keel

n Breadth
n height of vertical side
n length

These parameters can result in anything 
between a wedge and a conventional hull. 
A wide span of parameters was analysed 
in order to find the least wetted surface. 
An illustration of the new cross section is 
shown in figure 3.

EstimatEd viscous rEsistancE
computational fluid Dynamics (cfD) is a 
viable alternative with full-scale prediction 
accuracy on a par with scaled model test 
results. In many cases, the numerical simu-
lations surpassed the towing tank estimates 
in accuracy. simulations have significant 
advantages in terms of cost and flexibility. 
Numerical simulations take significantly 
less time to set up than experiments.

By using cfD tools, we could compare 
the viscous resistance of the new design 
with that of a more traditional design. 
There was a focus on optimising the pres-
sure fields in the bow and stern area. high 
pressure areas in the bow and low pressure 
areas in the aft contribute to a bad shape 
factor and should be avoided.  several 
iterations of redesign and cfD analyses led 
to the final hull shape.

propulsion
The optimum diameter and twin screw 
propellers will allow for a low draught aft 
in the unloaded condition.  At the same 
time, high propulsive efficiency is ensured 
by the overlapping propeller arrangement. 
The ship wake caused by friction between 
the ship’s hull and the surrounding water 
is focused near the centreline (similar to 
conventional single screw ship designs). 
This represents a loss of energy which is 
partly recovered by the propellers, as both 
of them will contribute to a re-acceleration 
of the ship wake. Additionally, the two pro-
pellers have the same direction of rotation, 
and the overlap arrangement will contrib-
ute further to a reduction in rotational 
energy losses compared to a conventional 
arrangement. 

›› 
figure 2: important resistance components

›› 
figure 3: cross sections for triality and a 
conventional Vlcc

›› 
figure 4: propulsion power
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›› 
figure 5: Ballast-free cargo arrangement

wetted surface – Design 28 000 28 500

wetted surface – unloaded 20 000 13 000
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propulsion powEr
propulsion power estimates are based on 
the resistance and propeller analyses. fig-
ure 4 shows a comparison between Triality 
and a conventional tanker. The conven-
tional tanker needs less propulsion power 
in full load condition while Triality reveals 
its potential in the unloaded condition.

summary of kEy figurEs
Table 1 shows some comparisons of key 
figures for Triality and the conventional 
Vlcc.

ballast-frEE tank arrangEmEnt
An important criterion for the new design 
is that it must be possible to carry out the 
cargo handling process without ballast 
water, using existing infrastructure and in 
accordance with prevailing regulations.

A traditional Vlcc will arrive at the 
cargo terminal with full ballast tanks and 
empty these while filling the cargo tanks to 
avoid high bending moments, list or trim 
during the cargo operations. 

since Triality does not carry ballast 
water, the ship’s internal arrangement 
needs to be such that it will inherently 
compensate for bending moments, trim 
and heel. 

The solution to compensate for these 
elements is a cargo arrangement divided 
into five longitudinal cargo sections, one 
centre tank, two intermediate tanks and 
two side tanks. This is achieved by having 
four longitudinal bulkheads instead of 
the two that are common on conventional 
tankers.

longitudinal bEnding momEnts
By filling/emptying a cargo section along 
its entire length, no longitudinal bend-
ing moments occur due to uneven cargo 
weight along the length of the ship.  
Triality will be equipped with a cargo  
piping arrangement that is set up for  
filling/emptying a complete longitudinal 
cargo section simultaneously. 

trim and hEEl
To avoid large heeling angles during cargo 
operations, the cargo must be prevented 
from causing heeling moments on the 
ship. heeling moments are avoided by 
placing the longitudinal bulkheads to give 
moment equilibrium around the longitudi-
nal centre line for all segregation alterna-
tives. moment equilibrium occurs not only 
when side or intermediate tanks on both 
sides are filled with the same segregation, 
but also when a side tank on one side is 
filled at the same time as an intermediate 
tank on the opposite side of the vessel is 
filled. 

By filling cargo along the full length of 
the cargo section, no large trims will occur 
during the cargo operations. 

cargo sEgrEgations
The given tank configuration results in a 
segregation share of:
n segregation 1: 55%
n segregation 2: 25%
n segregation 3: 20%
Or
n segregation 1: 55%
n segregation 2: 22.5%
n segregation 3: 22.5%

with regard to cargo segregations, 
Triality may in principle be loaded in the 
same way as a conventional crude oil car-
rier as long as the transverse equilibrium 
and longitudinal filling along the com-
plete length are maintained. 

›› 
figure 6: longitudinal cargo segregations

›› 
table 1 key figures for triality versus the conventional Vlcc 

Base case Triality

wetted surface – Design 28 000 m2 28 500 m2

wetted surface – unloaded 20 000 m2 13 000 m2

Draft – s.g. 0.799 21.0 m 21.5 m

Draft – s.g 0.875 22.5 m 23.0 m

Draft – unloaded 10.0 m 6.5 m

propulsion power – Design 18 mw 21 mw

propulsion power – unloaded 18 mw 10 mw

Block coefficient – Design 0.80 0.53

Block coefficient – unloaded 0.75 0.62
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rEcovEry of volatilE organic 
compounds (vocs)
hydrocarbon gases evaporate from crude 
oil into the cargo tank atmosphere, par-
ticularly in connection with cargo loading, 
laden voyages and tank cleaning (crude 
oil washing – cOw) after discharge. These 
hydrocarbons are frequently referred to 
as Volatile Organic compounds – VOcs. 
The release of VOcs from the crude oil 
depends on different factors such as the 
chemical composition, temperature, pres-
sure drops in cargo piping, pressure in the 
tank atmosphere, liquid movements of free 
oil inside tanks, etc.

VOcs are vented to the outside atmos-
phere to protect the tank structure from 
overpressure when pressure builds up. 
such venting may also take place during 
the return voyage to the loading terminal 
due to heating and the associated pres-
sure increase inside the tank caused by 
sunshine.

The volumes of cargo (VOcs) lost to 
the atmosphere are significant, represent-
ing economic losses to cargo owners. This 
also has a negative environmental impact. 
There is a greenhouse effect and VOcs 
can react with NOx in sunlight to create 
ozone. Ozone in the lower atmosphere is 
an air pollutant that has harmful effects on 

respiratory systems and also burns sensitive 
plants. In other words, there are good rea-
sons to search for feasible alternatives to 
limit VOc emissions to the atmosphere.

Estimates prepared by marintek in Nor-
way and others indicate that approximately 
500-600 tons of VOcs may be lost from a 
Vlcc during voyage, i.e. around 0.2% of 
the cargo carried. On a global scale, these 
yearly VOc releases from oil carriers to 
the atmosphere have been estimated to be 
more than 5 mtons. The losses are basi-
cally the light ends of crude oil, which are 
the most valuable fractions. 

The cargo losses outlined above have 
traditionally been accepted by cargo own-
ers and most regulators. since 1 july 2010, 
a ship-specific VOc management plan, 
approved by the flag Administration, has 
been required for oil carriers according to 
mARpOl Annex VI. The practical reduc-
tions of VOc emissions as a consequence 
of this are believed to be quite limited. 
Only operational procedures with no emis-
sion limitations have been specified, and 
no hardware installations are required. 

One of Triality’s main features is the 
recovery of VOcs, which are collected in 
separate tanks and used as fuel for auxil-
iary boilers producing steam for the cargo 
pumps.  

According to the Triality concept, a 
vapour return line taking care of most of 
the VOcs otherwise released to the atmos-
phere during loading is assumed to be 
arranged at the terminal, as the loading 
rate is often in the range of 20 000 m3 per 
hour. Oil tankers built today are required 
to have a vapour return line installed on 
board, while it is up to the shore side to 
arrange and operate the return line to 
handle the VOcs from the loading tanker. 
Although only a limited number of load-
ing terminals  have arranged such return 
lines so far, more are expected to do so in 
the near to medium term.

VOc recovery arrangements on board 
Triality are assumed to take care of all 
VOcs otherwise released to the atmos-
phere, during voyage. what is not recov-
ered on board is then assumed to be 
returned to the terminal installations via 
the vapour return line.

The lNg needs to be heated, i.e. re-
gassed, before being used as fuel for the 
engines. significant amounts of “cooling 
energy” need to be supplied to the vapor-
izers, where the lNg is re-gassed, for this 
purpose. such energy exists in abundance 
on board an lNg fuelled tanker, and 
is assumed to be available relatively eas-
ily, based on arrangements indicated in 

using low-temperature lNg to 
increase efficiency and minimise 
cargo losses to the atmosphere

Additional benefits from lNg fuel:

TExT: torill grimstad osbErg, TRIAlITy pROjEcT mANAgER, DNV 
AND jan korEn, sEgmENT DIREcTOR TANkERs, DNV
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Don’t underestimate the value of cooling. the 
scavenging air cooling may provide an energy 
efficiency gain of up to three per cent.
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triality uses the low lNg temperature to capture cargo 
vapours otherwise lost to the atmosphere. this reduces 
the annual fuel consumption by eight per cent.
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the figure on page 19. The result will be 
energy efficient re-gassing of the lNg 
combined with energy efficient recovery of 
VOcs.

All the vaporizers and pressure build 
up units (pBus) are connected to a glycol 
circuit which is connected to different heat 
exchangers where the low temperature is 
removed. 

The first such heat exchanger in the gly-
col circuit is the VOc re-condenser. ham-
worthy gas systems has for years delivered 
VOc re-condensation plants for shuttle 
tankers doing bow loading in the North 
sea. These installations are large scale for 
cargo loading capacity and relatively com-
plex, including big cooling plant installa-
tions with compressors, heat exchangers, 
separators and so on. simpler and less 
resource demanding installations will be 
welcomed. 

for VOc re-condensation during cargo 
voyages and cargo discharges, only a small-
scale plant is needed and many compres-
sors and much of the complexity can be 
avoided when using the glycol from the 
lNg heating instead of a separate cooling 
circuit. such a VOc recovery installation is 
consequently simpler and has few moving 
parts - only a small compressor and the gly-
col pumps have to be present in any case. 

The VOc re-condensation starts when 
the pressure in the tanks rises above a pre-
set limit and stops when the pressure drops 
below a certain low limit. The liquid VOcs 
(propane, butane and heavier components) 
are collected in dedicated deck tanks for 
this purpose. lighter fractions of the gas 
which cannot be condensed (methane) as 
well as inert gas are returned to the cargo 
tanks - no vapour is released to the air.  

The recovered VOcs are intended to 
be burned in special triple fuel burners 
in the auxiliary  boilers, producing steam 
to operate cargo pumps. should the 

recovered VOcs exceed what is needed for 
the boilers, the excess volume can be trans-
ferred back to the cargo where the VOcs 
originated.

It may also be possible to burn VOcs 
in the highly efficient two-stroke dual fuel 
engines. They would in such case have to 
be compressed to a higher pressure than 
natural gas. however, the ignition prop-
erties are different. These will also vary 
from cargo to cargo as the compositions 
of crude oils are different, representing a 
risk of knocking and other problems. This 
alternative has therefore not been further 
evaluated for Triality.

The mandatory inert gas lines on deck 
and piping to a mast riser installed on 
board may be used to supply VOc gases to 
the recovery system.

usE of lng for othEr cooling 
purposEs
The low-temperature lNg can also be used 
for purposes other than the recovery of 
VOcs as outlined above. The cooling of 
scavenging air to the engines to improve 
engine efficiency, engine cooling, air con-
ditioning and the operation of freezers and 
fridges are all purposes which will improve 
energy efficiency and are assumed to be 
cost effective.

The second heat exchanger in the gly-
col circuit after the VOc re-condenser in 
the figure above is for cooling the scaveng-
ing air. According to mAN Diesel & Turbo, 
up to 3% more engine efficiency can be 
gained when the air into the main engine 
is cooled to 10°c.  

The third heat exchanger is connected 
to the fw cooling of the machinery. And 
if the temperature is still too low, sea water 
heaters are provided before the vaporizers. 

Each element in the system is equipped 
with a temperature-controlled bypass loop 
in order to regulate its heat exchange. 

The glycol system temperature must be 
kept above -40°c to avoid freezing. since 
the lNg going through the vaporizers is 
under high pressure, this will have to be 
taken into account in the detail design of 
the system. The system will also have to 
be designed such that humidity does not 
freeze in the recovery system and stop the 
VOc recovery function. 
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thE compEtitivEnEss of lng vs. 
fuEl oil will improvE with strict-
Er EnvironmEntal rEquirEmEnts
As the regulatory landscape on environ-
mental performance requirements is 
becoming increasingly tight, a ship- 
owner’s level of freedom is being gradually 
restricted. In 2020, the global fuel sulphur 
requirements are set at 0.5%, which will 
imply a significant increase in fuel costs. 
It may even be questioned whether the 
low-sulphur fuel supply is able to meet 
demand. 

In order to comply with these stricter 
fuel requirements, shipowners have three 
alternatives to consider: 
a) shift to low-sulphur fuel
b) Implement sOx-scrubbing
c) shift to lNg fuel

when evaluating Triality’s cost-benefit 
and operational performance from an 
environmental perspective, the base case 
Vlcc has been fitted with a seawater sOx 
scrubber for both the main engine, auxil-
iary engines and boilers. The performance 
has been evaluated for 2015, when the 
North American EcA will be enforced and 
stricter NOx regulations will apply to the 
North sea and Baltic sea EcAs. 

In 2015, stricter environmental regula-
tions will be enforced, particularly for 
EcAs and Eu port operations. with the 
global cap being introduced in 2020, the 
benefit of lNg compared to fuel oil will 
become even greater; however that par-
ticular study is not presented here.

›› 
figure 1 sulphur emission 
requirements

›› 
figure 2 North sea eca and Baltic sea eca

›› 
figure 3 North american eca

TExT: sofia fürstEnbErg, clEANER ENERgy, DNV, sINgApORE

The environmental benefits 
of using lNg will increase 
in importance over time
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The costs of operating a seawater sOx 
scrubber for a Vlcc are significant

when assessing the benefit of lNg 
over fuel oil, the added fuel cost for the 
seawater sOx scrubbing is of obvious inter-
est. The size of the ship will determine the 
water capacity needed and the associated 
required pump capacity. 

for a ship of Vlcc size, the collective 
footprint is typically as follows:

for operations in EcAs in 2015, when 
a fuel sulphur limit of less than 0.1% will 
apply, the added fuel consumption from 
sOx scrubbing is as much as 4% for a 
Vlcc. however, the ship will spend  
little operational time within an EcA so 
the annual fuel penalty for the studied 
route will not be substantial. The picture 
will look different in 2020, though. with 
a global cap of 0.5% in 2020, the added 
fuel consumption will be 3.6% of the total 
annual fuel consumption, which is defi-
nitely significant.

thE triality dEsign solutions 
implEmEntEd for thE EntirE 
vlcc flEEt would rEsult in a 33% 
rEduction in co2 Emissions
The annual reduction in cO2 emissions for 
a Vlcc that shifts to the Triality design 
is 25 100 tons. Taking into account the 
improved hull design, the removal of bal-
last water and the cooling of scavenging air 
by the lNg vaporization process, the cO2 

emissions will be 
reduced by a total 
of 33%. 

The seawa-
ter scrubbing of 
exhaust in the base 
case will accomplish 
a significant remov-
al (up to 80%) of 
particulate matter 

(pm) in addition to sOx. As seawater 
scrubbing adds a fuel penalty, the scrub-
bing capacity has been adjusted to meet 
current requirements. The maximum sOx 
scrubbing capacity is typically 95-99%. for 
this study, it was assumed that lNg fuel 
does not produce any particles. Triality 
accomplishes a 94.5% reduction in sOx 
emissions, or an annual removal of 1 540 
tons. for particulates, this figure is  93.5% 
or 187 tons. 

for ships constructed on or after 1 jan-
uary 2016, operations inside an EcA will 
require reduced levels of NOx emissions 

in accordance with the ImO NOx Techni-
cal code Tier III. The limits are decided 
based on engine particulars and, for the 
Vlcc case, this translates into a required 
reduction from max 14.4 g/kwh today to 
max 3.4 g/kwh in 2016.

Triality is assumed to be built before 
2016; hence compliance with ImO NOx 
Technical code Tier III is not necessary. 

with the Triality design, a 28.5% NOx 
reduction is accomplished, equal to an 
annual reduction of 520 tons. It is possible, 
however, to include Exhaust gas Recircula-
tion on Triality. The EgR technology pro-
vided by mAN would further reduce the 
NOx emissions by more than 50%, result-
ing in a total NOx reduction of 82%. 

In 2008, the Vlcc fleet consisted of 
504 ships. If the base case emissions are 
multiplied by the total Vlcc fleet, this 
gives a theoretical estimate of the environ-
mental footprint, in terms of emissions to 
air, of the entire Vlcc fleet, which again 
indicates the potential for improvements.

The theoretical case of changing the 
existing Vlcc fleet into ships built accord-
ing to the Triality design would have a 
noteworthy impact in a world-fleet perspec-
tive too. The improvement is particularly 
interesting for sOx and pm emissions, 
both of which achieve a relative improve-
ment of more than 6% in relation to the 
entire international world fleet. 

SOx scrubber Height 
[m]

Length 
[m]

Width 
[m]

dry 
weight 
[ton]

Running 
weight 
[ton]

main engine 3.5 6.2 10.9 6.3 8.8

auxiliary 3.9 3.9 7.6 5.5 7.3

Boiler 2.9 5.3 8.9 5.6 7.9

›› 
table 1 – sox scrubber footprint [hamworthy/krystallon]

‹‹
figure 4 – total 
emissions in 2015

sofia fürstenberg
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TExT: hEnrik larsén AND olE Eivind skaar, DNV

The shipping industry is facing an increas-
ing demand to reduce its environmental 
footprint. for ships built before 2016, the 
present challenge is to comply with ballast 
water and emission requirements. for a 
conventional Vlcc burning heavy fuel oil 
(hfO), installing an exhaust gas scrub-
ber and a ballast water treatment system 
(BwTs) are possible ways to address these 
issues. 

we have demonstrated that Triality has 
a significantly smaller environmental foot-
print than a conventional Vlcc that burns 
hfO and has a BwTs and exhaust gas 
scrubber  installed on board. 

The question then is: is it possible to go 
green and be profitable? The short answer 
is yes – Triality is more profitable than a 
conventional Vlcc.  

The financial analysis (investment cost 
versus voyage costs for different fuel price 
scenarios1) shows that Triality: 
n improves the expected present value 

before tax by musD 24 in the reference 
fuel price scenario (This corresponds to 
around 20% of the investment cost in a 
conventional Vlcc) 

n is profitable until the lNg price reaches 
usD 15 per mmbtu (≈ 710 usD/ton lNg) 
in the reference oil price scenario 

n is more profitable than the conven-
tional Vlcc except in the low oil price 
scenario

n has a higher expected present value 
before tax than the conventional Vlcc 
in 92% of cases 

These points are substantiated below.

TRiality improvEs thE ExpEctEd 
prEsEnt valuE bEforE tax by musd 
24 in thE rEfErEncE fuEl pricE 
scEnario
Over a 20-year period, Triality improves 
the expected present value by musD 24 
compared to the conventional Vlcc in 
the reference fuel price scenario. figure 1 
shows how the Triality cost structure  
differs from that of a conventional Vlcc. 
In short, Triality increases the initial invest-
ment by musD 14 and reduces the voyage 
costs by musD 38.

triality is profitablE until thE 
lng pricE rEachEs usd 15 pEr 
mmbtu in thE rEfErEncE fuEl 
pricE scEnario 
Triality is profitable with an lNg price 
of up to usD 15 per mmbtu given the 
reference oil price scenario. given high 
and low oil price scenarios, the expected 
break-even price is usD 26 and usD 6 
per mmbtu respectively. figure 2 shows 
the difference in present value before tax 
(∆pV b.t.) between Triality and the con-
ventional Vlcc as a function of the lNg 
and oil price. 

triality is morE profitablE than 
thE convEntional vlcc ExcEpt in 
thE low oil pricE scEnario 
so far we have mainly discussed the 
financial performance given the refer-
ence fuel price scenario. however, there 
are major uncertainties connected with 
fuel price developments. figure 3 gives a 
more detailed view of fuel price scenarios, 
present values and the payback time on 
marginal investment (musD 14). Triality 
is more profitable than the conventional 
Vlcc in the Reference (R) and high (h) 
oil price scenarios irrespective of the lNg 
price scenario.  The present value before 
tax is musD 9-129. The payback time on 
marginal investment is 6-16 years. 

triality has a highEr ExpEctEd 
prEsEnt valuE bEforE tax than 
thE convEntional vlcc in 92% of 
thE casEs 
To make a qualified decision, an investor 
needs to understand how the uncertain-
ties in fuel price and investment costs 
influence financial performance. figure 4 
shows that Triality has a higher expected 
present value before tax than the conven-
tional Vlcc in 92% of cases. An important 
reason for the robustness of Triality’s prof-
itability is the reduced price uncertainty 
stemming from the lNg long-term bunker 
contract.  

Is it possible to go green 
and be profitable? 

1fuel price developments are a major uncertainty when evaluating voyage costs. in this study the u.s. energy information administration’s (eia’s) forecasted oil price 
developments in three scenarios (low, reference and high) were used to predict the hfo and mgo prices. when it comes to lNg as bunker fuel, it is currently sold on 
long-term contracts at 7-8 usD/mmbtu in the gulf and distribution costs of 2-6 usD/mmbtu come on top of this, leading to a possible long-term bunker contract price 
of 9-14 usD/mmbtu. in the financial analysis, we have used a reference price of 12 usD/mmbtu, a high price of 14 usD/mmbtu and a low price of 9 usD/mmbtu. all 
the prices have been adjusted based on inflation forecasts issued by the u.s. Bureau of labour statistics. 



taNker upDate NO. 2 2010 | 25

gREEN ANd PROFITABLE?

CONVERSION FACTORS
• 1 mmbtu ≈ 21 kg LNg ≈ 25 kg mdO
• 1 ton LNg ≈ 1.17 ton mdO (energy)
• 15 uSd/mmbtu ≈ 710 uSd/ton LNg

›› 
figure 1: triality cost structure compared to that of a conventional Vlcc

›› 
figure 2: lNg break-even price for different price scenarios

››  
figure 3: triality’s financial performance given 
different fuel price scenarios

›› 
figure 4: probability distribution between triality and the conventional Vlcc

Expected present value before tax compared to a conventional VLCC run on HFO (MUSD)
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SCALINg

lng fuEl
suezmax, Aframax and smaller tankers 
can all benefit from using lNg as fuel 
to reduce their sOx, pm, NOx and cO2 
emissions to below existing and coming 
mandatory limits. The cargo deck normally 
has plenty of space available for lNg fuel 
tanks. 

Dual-fuel slow-speed two-stroke engines 
were chosen for Triality. This is the pre-
ferred engine type for bigger vessels and 
those operating most of the time outside 
EcAs. It has high efficiency and is attrac-
tive from a maintenance point of view. for 
loads below 25%, these engines can cur-
rently operate on fuel oil only. when oper-
ating in EcAs, the more expensive marine 
gas Oil (mgO) may be needed to comply 
with sOx emission requirements. 

The NOx reducing properties of 
medium-speed four-stroke gas or dual 
fuel engines are superior to those of the 

two-stroke gas/diesel engines. so, for tank-
ers operating more of the time in EcAs, 
either pure gas engines or dual fuel low 
pressure engines may be a better choice, 
despite the fact that the installation may 
be more complex and include a reduction 
gear.   

condEnsation of cargo vapours 
– vocs
The loss of cargo vapours (VOcs) is a 
challenge for all sizes of oil tankers. The 
benefits of using low temperature lNg to 
prevent this are assumed to be similar for 
different sizes of oil carriers.

a ballast-frEE ship, intErEsting 
for all ship sizEs
The requirement of a ballast water treat-
ment system is a challenge for all the ship 
sizes concerned. There are significant 
investments involved in addition to the 

operational and maintenance costs and 
crew workload. Ballast-free ships, if possi-
ble, will therefore be attractive.

however, there are practical limits to 
how far down in size ballast-free oil tankers 
are feasible. sufficient draft to avoid slam-
ming problems and allow manoeuvrability 
must be included in evaluations for ballast-
free smaller oil tankers. The possibility 
of reduced ballast volumes compared to 
present practice may also be of interest.  
This was beyond the scope of the Triality 
project. 

the project has studied a Vlcc size tanker. what about smaller tankers? 

TExT: torill grimstad osbErg, TRIAlITy pROjEcT mANAgER, DNV

Are Triality solutions 
applicable to and attractive 

for smaller tankers?
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Vlcc TRIAlITy

lng fuelled ballast free VlCC 
with VoC reCoVery features

Particulars:
• LNg fuel capacity: 2 x 6750 m3
• Same maximum range as 

conventional VLCC’s,: 25 000 nm
• Same loaded draft as 

conventional VLCC. 22.2 m 

• Longer and wider than 
conventional VLCC:

• LPP: 352 m
• B: 70 m
• Block coefficient loaded: 0.60
• Block coefficient unloaded: 0.52
• Same cargo tank volume as 

conventional VLCC: 358 000 m3
• Service speed loaded: 15 knots

• Service speed unloaded:          
16.6 knots

• Lightship weight: 50 600 tons
• Two slow speed dual fuel main 

engines
• Twin screw
• Low temperature LNg is used for
 - recovery of Volatile Organic 

Compounds  (VOC) 

 - cooling of scavenging air to 
engines

 - engine cooling
 - air conditioning 
 - etc.

future delivery


