
Incat is the quintessential ‘can-do’ company, with 

a long history of innovation, and an ability to build 

vessels on time and on cost. Together with partner 

company Revolution Design Pty Ltd, procedures have 

been designed to reduce the development time from 

concept to finished vessel, perfecting methods and 

techniques over many years of hard work, analysis 

and investment, in people and equipment. These 

abilities have been tested to the extreme on Yard 069.

To produce the first of anything, is always a challenge, 

but with a highly technical item such as a high speed 

ship, the challenges take on a whole new scale. There 

is nothing to compare against, no other product from 

which design clues can be sought, no industry experts 

to talk things over with, you just have a metaphorical 

blank sheet of paper looking up at you. This is the 

task that confronted Revolution Design and Incat in 

designing Yard 069 with LNG.

Our Wave Piercing Catamarans are world renowned 

for lightness, speed and passenger comfort, together 

with being an “Engineers Ship”, designed and built to 

provide long and trustworthy operations, capable in a 

wide range of operating envelopes, able to operate  

in tight and shallow ports as well as being fast 

between points. These benefits are in the pedigree 

of Incat, who still hold the fabled Blue Riband of the 

Atlantic and have held that title with three separate 

ships, a feat paralleled by no other.

THE CUSTOMER REQUIREMENT 
Buquebus, or to give it it’s correct name, ‘Los 

Cipreses’, has always had high speed as a vessel 

requirement for its Buenos Aires to Montevideo 

services, and Yard 069 was no different. But with 

a twist. Senor Lopez, owner and Chairman of Los 

Cipreses wished to utilise GE LM2500 turbines, 

and have them operate on dual fuel, normal 

marine distillate or MGO (Marine Gas Oil), and 

travel for the greater distance of the intended 

service on Liquefied Natural Gas (LNG). The gas 

tanks were to be provided by highly respected 

cryogenic storage tank and associated systems 

manufacturer Chart Industries. Chart Industries 

has extensive expertise in Distribution and 

Storage, Energy and Chemicals as well as Bio 

Medical industry sectors,  with Cryogenic Gas 

processing and storage. But most importantly for 

Incat and Buquebus, Chart is also moving rapidly 

into marine markets and in doing so,  expanding 

its specific marine knowledge and experience.
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THE REGULATORY CHALLENGES

When the design process started in 2010 strictly 

speaking a high speed vessel with a gas turbine 

running on LNG couldn’t be built and classed by the 

then current classification society rules. 

This is due to two major issues:

1. A fuel with a flash point of lower than   
 35 degrees centigrade was not permitted.
 Natural gas has a flash point of -180

 degrees centigrade.

2. Marine Classification Rules look closely at
 the storage and piping of flammable
 substances, especially fuel, and especially
 when pressurised. Rules change at a
 nominal pressure of 1.8 Bar, then again at 10
 Bar, each stage being more stringent in
 compliance requirements, needing heavier
 materials and more costly installation. The
 natural gas supply pressure required for the
 gas turbine to make full power is a minimum
 of 28 Bar.  

Incat and Revolution Design are fortunate to 

be working with Det Norske Veritas (DNV)  for 

classification of not only Yard 069 but for most of the 

vessels built by Incat.

DNV are at the very forefront of classification rule 

development for LNG in marine applications, 

having worked closely between the Norwegian 

government, the Norwegian flag authority and 

vessel operators from the early part of the 21st 

Century when a desire to utilise indigenous natural 

gas became a national objective.

DNV has classed all of the more than 20 small coastal 

ferries and fuel lighters, operating in Norwegian 

waters since the early 2000s’.
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SPIRALTHE DESIGN CHALLENGES. 

SPECIFIC LNG ISSUES.

Due to the unique requirements of yard 069, and 

future similar dual fuel vessels, the required DNV rules 

had to be reconsidered to ensure compliance. This 

created some special issues.

DNV require with any unique or ‘novel’ design, an 

‘equivalence’ of a requirement to be provided to 

demonstrate that the design is at least ‘equivalent’ 

to the design of a more ‘standard’ design feature, or, 

it is actually producing better safety outcomes than 

the regulations require.  In the case of Yard 069, DNV 

required ‘at least equivalent safety to a normal diesel 

engined and MGO fuelled vessel’. 

This requirement set off a number of analysis tasks 

including a ‘Formal Safety Assessment’ where a 

panel of suitably qualified personnel worked through 

each vessel system to determine the safety issues for 

the vessel.  This process included HAZID and HAZOP 

studies that were in addition to more normal Cause 

and Effect and Failure Modes and Effect Analysis 

(FMEA). 

These analyses are designed to ‘flesh out’ areas of 

potential hazard so that they can be addressed 

during the detailed design stage.
GE LM2500 TURBINE GAS GENERATOR

‘FLESH OUT’ AREAS OF POTENTIAL HAZARD SO THAT THEY CAN BE 
ADDRESSED DURING THE DETAILED DESIGN STAGE.



SPIRAL

The design spiral is a method 

used when designing just about 

anything with levels of complexity 

involved. As ships are complex 

machines, with structures and operating 

systems with highly interdependent variables, 

it becomes impossible to design the entire vessel 

simultaneously. Instead, the design spiral describes a 

process of iterative refinement to work towards 

an efficient design by adding knowledge and experience as it becomes available.  

This process occurs as each of the various design group specialists work through the design 

process, from initial concept through initial investigations and into detailed design stages until the 

entire individual design functions metamorphise into a complete functioning vessel.

“THE DESIGN SPIRAL IS A METHOD USED WHEN 
DESIGNING JUST ABOUT ANYTHING WITH LEVELS 

OF COMPLEXITY INVOLVED.”
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THERE ARE KNOWN KNOWNS

On a vessel as complex as yard 069, a very detailed 

plan was carried out to find “unknown unknowns” in 

this vessel. (Using the popular ‘Donald Rumsfeld quote’ 

from a press conference at NATO Headquarters 

in Brussels, June 6, 2002 when discussing the Iraq 

invasion.)

Just for clarity and to make the point, the complete 

quote from Rumsfeld was….

‘There are known knowns. These 
are things we know that we know. 
There are known unknowns. That 
is to say, there are things that we 
know we don’t know. But there 
are also unknown unknowns. 
There are things we don’t know 
we don’t know’.

We had the ‘known knowns’ down pretty well as 

these included hull shape, hull structure, hull weight, 

ships systems that are a part of a more standard 

vessel.

The ‘known unknowns’ were a bit more challenging 

and included the turbine installation and systems, gas 

tank installation and systems, gearbox size and weight 

and LNG issues generally.
GAS TURBINE ENGINE

“THERE ARE KNOWN KNOWNS. THESE ARE THINGS 
WE KNOW THAT WE KNOW...” - Rumsfeld

LOOKING DOWN INTO THE COLD BOX



CO² BOTTLE COMPARTMENT

The ‘unknown unknowns’ we could have written a 

book about, if we knew what to put into it!  At the end 

of the vessel these items have now moved into the 

‘known knowns’ category, but that was not the case 

in the beginning!

As is usually the way at Incat, the period between 

contract signing and yard commencement to build, 

is kept as short as possible to get the yard moving into 

build jigs and special tooling that enables an efficient 

build process, so the pressure was on to produce 

designs for engine rooms, jet rooms and integral fuel 

tank voids and issue the drawings to the yard for 

commencement of the build.

This was where the first ‘known knowns’ became 

‘known unknowns’ and then into ‘unknown unknowns’ 

and back again. What are the dimensions of the 

turbine enclosure? How much does it weigh? How 

are the bolting feet designed? What do the turbine 

air intakes look like? How big is the exhaust? What are 

the dimensions of the LNG fuel tanks etc, etc.

For some months the list of ‘known unknowns’ grew 

larger and larger, while the realisation of the spectre 

of the ‘unknown unknowns’ became more apparent 

and very real.

What are the exact regulations for this vessel? The High 

Speed Craft Code was ok as we know and understand 

vessels built to that code very well, but we were 

then to consider ‘Gas Fuelled Engine Installations’, 

Guidelines on Safety for Natural Gas Fuelled Engine 

Installations in Ships’ where we were confronted with 

conflicting regulations for the application we were 

contracted to design and build. That is, regulations 

designed primarily for steel ships being applied to a 

High Speed Light Craft in aluminium!

REVOLUTION DESIGN 069 PROJECTS MANAGER 
PETER KNIGHT WITH ANIBAL ARGOMEDO FROM 

BUQUEBUS AT THE GE HOUSTON FACTORY.



How do you get an LNG tank complete with Cold Box 

that has enough capacity to perform the transits it has 

been contracted to run, into a ship’s hull that has been 

optimised for sea keeping and high performance plus 

comply with the B/5 requirement. That is to maintain 

a calculated distance from the outboard side shell of 

the hulls to the furthest outboard section of the gas 

tank in case of a side impact of the ship.

More questions became apparent including:

How do you fill an LNG tank on a high speed 

vessel?

What are the safety considerations around 
doing this?

What are the monitoring and control systems 

requirements to ensure safe operations?

What about venting unused gas when 

converting engine running from gas to liquid 

fuel?

It became apparent early in the design process, that 

separate ‘design spirals’ were needed to understand 

the requirements of gas systems for the vessel, from 

bunkering all the way through the process.  This could 

not be commenced however until both Chart (the 

LNG tank supplier) and GE had completed their 

system schematics.

LNG BUNKER STATION
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RENK GEARBOX

THE BUILD CHALLENGES

Yard 069 did not create any particular difficulties 

in regard to the construction process for the hull or 

superstructure. The detail was a little different by 

having only one drive line per hull instead of the 

typical two per side, and the jet rooms had one big 

jet duct instead of two (comparatively) smaller jets on 

a standard Incat 98m WPC.

The real challenges came in a number of areas, 

including the hull side cut out to enable the LNG tank 

with cold box to be fitted, which was about twice 

the size of a conventional engine room soft patch in 

the vessel side. Revolution Design structural engineers 

factored that into the vessel design to allow this to 

occur without causing any other significant problems.

The gas piping requirements, including the provision of 

ventilated ducts and their welding and fixing required 

many months of attention. Whilst none of these 

activities are particularly different from processes 

and standards that are applied within a standard 

Incat vessel, the sheer number of the systems that 

required this level of detail was significantly greater 

than normal.

“YARD 069 DID NOT CREATE ANY PARTICULAR DIFFICULTIES WITH REGARD 
TO THE CONSTRUCTION PROCESS FOR THE HULL OR SUPERSTRUCTURE.”

RENK GEARBOX



The integration of systems within the vessel combining 

the highly complex GE LM2500 turbine systems as 

well as the gas systems, into the ships control and 

monitoring systems was obviously a difficult and time 

consuming task. These systems came together into 

the Gas Control System and the Gas Safety Systems. 

These systems added huge amounts of additional 

complexity to the vessel and the work load to design 

and then install and commission all of these systems 

is just huge.

But just one more time in Incat’s history, the sheer 

tenacity and professionalism of staff shone through, 

with the comment being made many times by 

different people that’ I just love the challenge of this. 

No one else has done this before us. We are the first 

again.’

NO MATTER WHAT HAPPENS IN THE FUTURE, THOSE OF US WHO HAVE 
BEEN HEAVILY INVOLVED THROUGH THIS IMMENSELY COMPLEX 
PROJECT, CAN SAY WITH ABSOLUTE PRIDE THAT “WE BUILT THE FIRST 
ONE IN THE WORLD, AND WE DID IT IN TASMANIA.”

FORWARD EMERGENCY SEA CHESTS FOR SPRINKLER 
AND HYDRANT PUMPS




