Figure 1. An example of an at-shore FLNG solution.
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S

ince the advent of FLNG with the FID for the
Shell Prelude development in 2011, the segment
can be seen to have matured. Now, with two
projects given FID and a third expected soon, the
questions around FLNG have moved from will it be
done, to questions of what will become the common
technical approach and what are the key barriers to
an FLNG development in the current global economy?

Those approaching FLNG from an offshore
background, including KANFA Aragon, typically have
the following areas as priorities:

Offshore FPSO approach
vs. onshore LNG approach

ll Use of proven offshore technology.

Generally, two schools of thought have developed
over how to approach FLNG developments: an
offshore FPSO philosophy, and a more traditional
onshore LNG approach.

ll Process simplicity and availability.
ll Guaranteed LNG production.
ll Minimised weight and equipment count.
ll Simple operations and maintenance requirements.

ll Offshore safety requirements.
Decades of experience in offshore oil and gas
production has shown that different design criteria
are required, compared to onshore. As a result, the
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focus is on keeping the liquefaction process simple and
optimising availability, with efficiency a secondary
consideration. Ensuring LNG production under all possible
operating conditions that an offshore environment can
present outranks the need for optimum process efficiency.
Furthermore, a simple process keeps the equipment count to
a minimum, which typically results in lower topsides weight
and cost.
Simplicity also benefits operations and maintenance, as
there is a limit to the number of people with the necessary
skills, as well as accommodation space offshore. Overly
complex and large arrangements need careful consideration.
Due to the need for high availability, reliability, compactness,
lightness and simplicity in operation and maintenance, the
offshore oil and gas industry also favours using technology
and equipment that has been proven in an offshore
environment as much as possible. Lastly, and most
importantly, is safety. Experience has shown that inherent
process safety is extremely important in an offshore
environment. The lack of space and escape routes offshore
compared to onshore means that an offshore facility must
meet higher safety requirement levels.

Considering these points, the nitrogen expansion process
has been acknowledged by many as the most suitable for
FLNG, even as far back as 1981.1
KANFA Aragon has developed the ‘Aragon Optimised
Dual N2 Expander Cycle’. It keeps the simplicity of the dual
nitrogen expander cycle but its patented technology,
designed specifically for offshore, allows production of up to
1.2 million tpy of LNG per train by selecting the largest
available aeroderivative gas turbine qualified for offshore use.
Through using nitrogen the process is kept simple. Availability
and reliability are maximised as it is a single phase
non-hazardous refrigerant. For medium scale projects of up
to approximately 3 million tpy of LNG production, the use of
nitrogen instead of, for example, a hydrocarbon mixed
refrigerant (MR) scheme, results in a lower equipment count
as well as lower topside weight and complexity. Less
equipment and the use of proven offshore equipment is also
well suited to an offshore environment. Perhaps most
importantly, the use of nitrogen as a refrigerant reduces the
risk factors significantly, as the majority of the topside
requires non-flammable containment. This is not the case for
hydrocarbon refrigerant type processes, which also require
storage of liquid hydrocarbon refrigerants. Nitrogen gives
excellent inherent process safety and presents fewer
challenges in safety design.
Those from an onshore LNG background typically focus
on the following:
ll Liquefaction process efficiency (kWh/Kg LNG).
ll Production levels (both LNG, condensate and LPG).
ll Safety – based on onshore LNG criteria.

Figure 2. The nitrogen cycle process (simplified).

Figure 3. An example of a typical onshore mixed
refrigerant process (simplified).
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Due to the onshore trend of ever larger production per
train in LNG, those who are coming from an onshore LNG
background may often look to apply the same thinking to
FLNG. As the breakeven point between nitrogen expansion
cycles and mixed refrigerant for equipment count is at
approximately 3 million tpy, any production over this level is
more suited to mixed refrigerant cycles.
There certainly will be projects that warrant such large
production levels (such as Shell Prelude), but the number of
such fields offshore large enough for these production levels
is in the range of a quarter of the number of fields suitable
for up to 3 million tpy.2 Also, such large scale developments
are limited to oil and gas super majors due to finance.
Onshore, there is a drive to use the most efficient process
so as to reduce the amount of feed gas used as fuel gas.
However, these processes are very efficient when looking at
the power per kg of LNG produced (kWh/Kg LNG), but the
overall plant efficiency is not necessarily as good. This is
because large industrial gas turbines are typically used
onshore, which have relatively poor thermal efficiencies. The
use of steam turbine drivers is proposed for some medium to
large scale offshore projects using Dual MR cycles. These are
also less efficient than aeroderivative gas turbines, which are
the norm for offshore oil and gas and N2 cycles, but which
have limited maximum power outputs of approximately
55 MW for the largest frame sizes. So the gap between
medium efficiency nitrogen cycles and high efficiency dual
mixed refrigerant cycles may not actually be very big when
considering the whole plant efficiency. However, it can be

argued that the traditional onshore approach for measuring
efficiency in kWh/Kg of LNG is not accurate enough for FLNG
and can be deceptive. Furthermore, offshore, if the gas is not
recovered then it has no commercial value so higher fuel gas
consumption can be justified if it results in reliable
production.
Due to the multiphase nature of mixed refrigerant
processes, significant challenges for reliable production
offshore are present, as vessel motion effects can cause
maldistribution in heat exchangers, which can affect
efficiency. As complex fine tuning is required to hit the
optimal efficiency for mixed refrigerant cycles, any variation
in gas composition from wells coming on and off line, for
example, could result in periods where the targeted efficiency
is not achieved as well. Using onshore processes offshore
results in single trains, reduces the redundancy, requires large
machinery and lines, as well as high equipment counts with
large hulls, which results in a longer time to first LNG.
Operation and maintenance of such onshore plants offshore
will also be a challenge due to lack of space, manpower and
logistical difficulties.
Trying to apply onshore LNG safety criteria to FLNG is a
natural starting point. However, the requirements for very large
spill containment areas are simply not feasible offshore in most
cases. Instead it is more prudent to limit the amount of cryogenic
and flammable liquids on the topsides, and also have multiple
trains of smaller production rather than one large train due to
the flow rate of liquids to be accounted for in case of a leak.
Although the attraction of the benefits of high efficiency
processes and large production rates is natural, it can be
argued that the onshore approach presents some
fundamental weaknesses that cast doubt over whether those
benefits can be translated from onshore to offshore. In time,
KANFA Aragon believes that the offshore approach will come
to be more dominant over the onshore approach, simply due
to the nature of the offshore environment. But for the future
of FLNG both gas expansion cycles and hydrocarbon based
refrigerant cycles will be applied, as the suitability of each
technology is also dependant on the particular project’s
requirements.

At-shore vs. Offshore
Floating liquefaction offers fast-track project execution
compared to a typical onshore plant. Current medium scale
FLNG projects show that the time from project definition until
first LNG is up to 50% of the time required for a traditional
onshore LNG development. An LNG FPSO can be applied
offshore to develop stranded or associated gas, but also
in an at-shore or near shore location, allowing FLNG to be
used to develop onshore fields with limited infrastructure or
alternatively liquefying pipeline gas.
With the rise of US shale gas production and the desire
of some US LNG import terminals to become exporters,
at-shore projects are now presenting equally as promising
prospects as offshore projects. Significant work on at-shore
developments has already been carried out by some,
including KANFA Aragon in a FEED conducted together with
WorleyParsons for SHI and FLEX LNG in 2011 for developing
an onshore field in Papua New Guinea.
At-shore developments present various advantages
including simplified marine systems. Typically the vessel will

be jetty moored, resulting in simpler offloading requirements
and no need for a turret or dynamic positioning systems. The
vessel motions can also be expected to be less onerous,
which can improve production up time. However, there are
disadvantages. Being closer to shore usually results in
shallower waters and so warmer cooling water, which can
impact production. An even bigger challenge is the fact that
at-shore FLNG is an alternative to onshore facilities, which is
not the case offshore. This means that the typical local
benefits of infrastructure works and local employment
associated with project execution are not present. In
developing countries this lack of local content is a barrier. An
effective way of addressing this is to split the development so
that the pre-treatment systems that are specific to the field
are located onshore, thus providing local content but at the
same time enabling the FLNG vessel to be a generic design
and increasing available space for equipment. In addition,
pre-treatment systems such as CO2 removal are sensitive to
vessel motions, so moving these onshore should further
improve availability.
Although there are advanced at-shore FLNG
developments, this does not mean that they are replacing
offshore FLNG. There are approximately 160 undeveloped
fields globally of between 5 – 50 trillion ft3 of gas reserves
and 640 undeveloped fields of 1 – 5 trillion ft3 reserves.2
Furthermore, associated gas from existing producing fields in
many locations cannot be monetised. All of these
opportunities indicate that FLNG can expect a strong future
both offshore and at-shore.

Financing challenges
Natural gas demand has roughly doubled between 1984 and
2010, compared to oil demand increasing by roughly half
in the same period3, and the forecast continued growth in
LNG demand by groups such as the IEA presents a promising
picture. However, one of the key difficulties for achieving
a positive final investment decision on an FLNG project is
project finance. This can be shown by the fact that Shell is
equity financing the whole of the Prelude development and
has not gone to traditional financial markets. For any FLNG
development to be successful in the current market, it needs
to have a big name attached to it, either in the project or
as an off-taker so as to provide confidence to the financial
institutions. However, this conservatism by the financial
institutions should be reduced once the FLNG projects
currently in execution begin producing, and also once the
current global economic challenges relax.
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Note
KANFA Aragon is a company within the KANFA Group. The
KANFA Group is an independent engineering, procurement
and construction company focused on the worldwide FPSO
and FLNG market.
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