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Introduction
As General Manager of the Society of International Gas Tanker 
and Terminal Operators, (SIGTTO) the reader may wonder why 
I have been invited to pen this article. The answer is that, as 
a technical society representing the interests of its members, 
the Secretariat needs to understand the business of its members 
and to keep abreast with developments in the industry. Our 
position does give us rather a unique view of the industry and 
this article arises out of the response to a question often asked of 
the Secretariat ‘what is the next major technology challenge for 
the LPG/LNG industry?’

The ‘drivers’
Before addressing the issues and challenges of taking the LPG and 
LNG industry into the offshore environment, it is worth spending 
a little time understanding the drivers of why consider offshore, 
particularly as the drivers affecting import terminals are different 
from those for production plants.

For import terminals, the dr iver often comes down to 
permitting. This may range from a situation where it is not 
practically achievable – characterised by extreme local opposition, 
possibly coupled with an over-politicised permitting processes, 
to a position where, whilst probably achievable, the time (and 
cost) to do so is so uncertain as to render the project unattractive. 
Other reasons may be more fundamental, e.g. the availability of a 
suitable site.

For production plants, there are two distinct strands to the 
discussion – monetising of stranded gas reserves and development 
of far offshore reserves.

By ‘stranded gas’ I refer to reserves which, while they may 
be significant, are not deemed large enough to develop in a 
conventional manner, i.e. with a pipeline to a conventional 
onshore LNG plant and export facility.

The issue for far offshore fields is the length, and hence cost, 
of the sub-sea pipeline back to shore to a suitable site for the 
plant. At some distance offshore, the cost of this comes to a 
level where it is more economic to do everything offshore. 
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LNG floating production, storage and offloading vessel in SbS offload with sub-sea field development.



126   PORT TECHNOLOGY INTERNATIONAL www.porttechnology.org

LIQUID, CHEMICAL
AND GAS HANDLING

One only needs to look to the oil industry over the last few 
years where barely a month passes without reports of new 
record for depth of water in which drilling and offshore 
production takes place.

There is one twist in this far-offshore production case. 
Conventional shore-based LNG plants are usually sited on a plot 
far larger than their initial requirement. They may initially start 
up with, say, two production trains, and later, a third or fourth 
train added. These additional trains may not need additional 
utilities provision or infrastructure (storage and export facilities) 
and hence come in at a significantly lower unit cost. For the 
floating plant offshore, this option for incremental expansion does 
not exist – major expansion has to be by way of a complete new 
floating plant.

Design considerations
From a process technology point of view, the offshore case starts 
from a point of re-packaging existing shore-based equipment 
for offshore use. The main considerations are that the equipment 
has to operate in a moving environment and be mounted on, 
what is effectively, a flexible foundation and work in a corrosive 
atmosphere. Such issues are familiar to those who have been 
involved in the development of floating offshore oil production 
facilities, but may come as bit of a surprise to those whose 
experience lies in building large liquefaction plants on massive 
concrete foundations.

This leads to one of the pre-requisites for successful offshore 
development, and that is a recognition of, and marriage between, 
the two key areas of expertise, the offshore oil industry and the 
liquefied gas processing industry.

The main hull dimensions are driven by two key factors. 
The first is the deck area requirements of the process, and the 
second is the storage requirements for product. For the offshore 
production case, the storage requirements may include LNG, 
Propane and Butane, with possibly some small storage space for 
refrigerant make-up, plus condensate and possibly for liquids 
needed to support well flow assurance. Additionally, there will 
be requirements for storage of fuel for black start and diesel fire 
pumps, water storage requirements etc.

Clearly, from these requirements, the hull for an offshore 
production facility is likely to tend towards the largest hull that 
can be built. Indeed, the final dimensions may well be limited to 
those which can be built in existing facilities without having to 
join hull sections in-water.

This has a knock-on effect on the design of the mooring system 
for the floating unit. Assuming a turret type scheme for these large 
units, the mechanical aspects will be an extrapolation of existing 
designs. There is a proven track record for high pressure gas 
swivel units, so that should not be an issue. There will be a debate 
regarding the relative merits of external versus internal turrets, but 
this issue is not unique to the liquefied gas developments. 

The consideration for the import floating facility is somewhat 
different; the basic factors to assess are the capacity of the vessel 
supplying the unit with LNG plus a reserve. The tricky bit is 
evaluating the reserve level. This needs to be considered against 
the likely probability and duration of interruption of supply of 
LNG due (a) to weather delays en route and (b) the case of the 
supply vessel arriving on schedule but being unable to berth 
because of bad weather. The consequences of an interruption of 
send-out also need to be factored into the discussion.

LPG FSO Nkossa II.
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The case of stranded gas may require lower production rates 
than the large offshore situation and hence a smaller hull could 
be acceptable. One issue for the stranded gas case is that one 
often sees proposals based on the concept of relocating that 
facility from one stranded gas field to another. The problem is 
that the specification of the pre-treatment plant for the gas ex-
field before admission to the liquefaction plant is predicated on 
the composition of that gas and hence is a field specific issue. 
This may well restrict the ability of a floating unit to re-locate 
unless the options are considered at the design stage. This may 
involve assigning space for later modifications. An alternative 
solution is to treat the gas in a separate offshore facility and 
deliver to the liquefaction plant a treated gas.

A key challenge relates to the layout of the process plant on 
the deck of a production unit. The issue relates to congestion in 
the plant – the higher the degree of congestion, the greater the 
risk in event of leakage of flammable gas for flame acceleration 
and excessive overpressures causing catastrophic damage. Careful 
studies are needed to arrive at an optimum design and this may 
limit the size, and hence capacity, of the plant.

Key technology challenges
From my perspective there are three major areas of challenge 
where more technologies/methodologies need developing:

1)  For LNG storage there is a particular issue related to 
movements of liquid in the tanks – ‘sloshing.’ Since there 
is a basic requirement for large flat deck area for process, 
spherical tanks are effectively ruled out and this leaves either 
membrane designs or the IHI-SPB design of self-supporting 
tank. Whilst the latter are inherently less vulnerable to 
sloshing, they are significantly more expensive. There is 
currently significant research effort directed at understanding 
the underlying phenomena, but a full and final understanding 
of sloshing still eludes the industry. This is a technology 
challenge which needs to be resolved.

2)  Another major area of technology to address is the whole 
issue around transfer of product to/from the LNG ship. Whilst 
the basic principles and requirements can be extrapolated 
from offshore oil transfer technologies which have been 
developed to a high degree of operational reliability in severe 
weather, the actual equipment for cryogenic transfer and 
associated mooring equipment has yet to be developed. The 
capabilities and limitations of side-by-side mooring are fairly 
well understood, but at some point a step change to tandem 
mooring schemes will be needed.

3)  In assessing the performance of an offshore facility a key 
factor is the weather downtime prediction. This closely links 
to the capabilities of the transfer system to operate in severe 
weather, but also there is a part about the actual performance 
of the production plant in a moving environment. There is 
much research effort aimed at understanding some of the 
fundamentals around motion response of two floating bodies 
close together and resulting mooring loads, and techniques to 
reduce these motions, but there is still a need for refinement 
to improve the confidence in the accuracy of the predictions. 
In addressing this subject, it is worth remembering that a few 
percentage points difference in downtime is often all that 
there is between commercial success and disaster, hence the 
overriding need for accurate prediction tools based on the site 
specific weather conditions and on the specific characteristics 
of the vessels being employed.

Summary
To summarise the challenges, most of the basic building blocks 
for the equipment are there, although there is some work to 
understand their performance in the offshore environment.  
The key areas for research lie in the resolution of the sloshing 
issue, the development of technology for transfer of product and 
in the development of predictive tools to assess more accurately 
the downtime.


