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Missing piece 
of the

PUZZLE
W ith three FLNG projects in execution (Shell Prelude, Petronas 

PFLNG 1 and Pacific Rubiales) and a raft of potential 
developments waiting in the wings, the technology focus 

is often dominated by the liquefaction system and the question over 
which technology to apply. Such considerations are critical to any LNG 
development, but it is important that the pre-treatment and other field specific 
systems are considered in conjunction with the liquefaction technology so as 
to ensure that the efficiency and availability of the plant is maximised.

In order to select the overall best suited technology for FLNG it is 
hence necessary to take a step back and look at the overall process.

Overview
Pre-treatment of the feed gas is a vital part of any LNG process. 
Pre-treating ensures conditioning of the feed gas to meet the LNG sales 
specifications. In practice, this means removing all unwanted components 
from the feed, while tailoring the combustion properties for the consumer 
market. 

Pre-treatment of the feed gas is an interlinked chain of processes, 
arranged in a specific order. The pre-treatment design is very much 
dependent on the nature of the feed stream, and the end product 
requirements. The pre-treatment system can hence vary between highy 
complex and lean and mean.   

Tom Haylock and Inga Bettina 
Waldmann, KANFA Aragon, 
Norway, look at pre-treatment 
– the often overlooked piece in 
the FLNG puzzle.
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Although not in the same league as the liquefaction 
system, the pre-treatment systems are also energy demanding. 
As with the liquefaction system, the challenge of designing the 
pre-treatment properly is not only to utilise the benefits of 
exchanging heat and mass transfer between the various steps 
in the process, but also to make the process and units 
themselves robust with respect to the offshore environment, 
availability and, importantly, safety. 

Special considerations offshore
When designing a pre-treatment system for an FLNG plant, 
the basic functional requirements are more or less the same 
as an onshore LNG facility. What differs in FLNG design is that 
special considerations have to be made to adapt to offshore 
conditions. For example:

 � The process must be robust to vessel motions, while 
offering process simplicity.

 � Minimised weight and equipment count.

 � Simple operations and maintenance requirements.

 � Use of technology proven offshore.

 � Compliance with stricter offshore safety requirements.

Simple and durable technologies are most suited to FLNG 
applications and should be preferred over highly sophisticated 
process solutions in most cases.

General requirements 
The main purpose of the feed gas pre-treatment is to ensure 
that the natural gas is ready to be liquefied, i.e. it is free of 
impurities and meets the correct sales specifications. 

Impurities that typically need to be separated from the 
natural gas feed include the following:

 � Components that form solid particles (ice) during the 
liquefaction process (H2O, CO2, aromatics, C5+).

 � Toxic components (H2S, R-OH).

 � Corrosive components (H2O, CO2, H2S, Hg).

 � Neutral gases (N2, O2).

 � Inorganic components.

Water (H2O), CO2 and mercury (Hg) removal are the 
standard pre-treatment systems found in all LNG plants. Both 
water and CO2 are common in natural gas and removal of 
these components is always necessary in order to avoid 
freezing and clogging of the heat exchanger(s) in the 
liquefaction process. Mercury is not always present in natural 
gas, but due to the corrosion effect it has on aluminium in the 
liquefaction heat exchanger, it is always necessary to have a 
certain level of protection included.

Acid gas
Acid gases and organic sulfur components are particularly 
unwanted in LNG for various reasons, and include the following 
components:

 � CO2 – corrosive, freezes at cryogenic temperatures.

 � H2S – corrosive, highly toxic.

 � Mercaptans (RSH) – toxic and malodorous.

 � COS – may be removed to meet total sulfur content.

Typical LNG specifications are shown in Table 1. After the 
liquefaction system, the CO2 removal system is the most critical 
system with respect to heat and material balance, CAPEX and 
reliability. Proper design and technology selection is hence 

crucial. Significant energy is 
required to remove these 
components almost independent 
of technology selection, and not 
meeting guarantee removal levels 
will, for example, cause lower LNG 
production capacity, as more 
frequent shutdowns are required 
for de-icing activities.

Several technologies are 
available with many already 
proven offshore:

 � Membranes.

 � Amine-based absorption 
processes (DEA, MDEA, mixed 
solvent).

 � Physical absorption.

 � Carbonate processes.

 � Adsorption technology 
(molsieve, silica gel).

 � Scavenger/solid bed.
Figure 1. A simplified overview of a typical FLNG process plant (image courtesy of KANFA 
Aragon).

Table 1. Typical removal requirements

Component Concentration in LNG

H2S 5 mg/Nm3 (3 – 4 ppmv)

Mercaptans (S from RSH) 6 mg/Nm3

Total sulfur 25 mg/Nm3

CO2 50 ppmv

The removal requirement of 50 ppmv is, however, much 
stricter than typical oil and gas export projects with removal 
requirements of 2.5 mol%, and a regenerative absorption 
based technology with amine or mixed solvent is typically 
required for polishing. Non-regenerative scavenger and 
fixed-bed type technologies can also meet the removal 
requirements, but the often high removal capacities required on 
an LNG FPSO, together with the operational costs and 
challenges, makes them unattractive. 

Regenerative technologies require a large amount of heat, 
which can be a challenge. If gas turbines are selected as drivers 
onboard, this energy demand can easily be provided through 
waste heat recovery units. If, on the other hand, steam turbines 
are selected as direct drives, which is often the case when a 
complex, large, one-train liquefaction technology is selected, 
any efficiency benefits of the selected liquefaction system can 
be lost, as additional fuel gas must be burned in order to 
produce heat for the amine system. 

For up to 2 – 5 mol% CO2 in the feed gas, amine-based 
systems are generally the only required system. However, many 
of the fields contain large amounts of CO2 and other impurities, 
such as H2S and mercaptans (R-OH). To find the most suitable 
design and technology it is important to look at the effect of the 
overall topside system, particularly the limitations in utility 
systems. As mentioned earlier, CO2 removal using amine 
requires a high heating medium demand while membranes, 
which are often considered ideal for bulk removal, require 
additional power consumption due to recompression 
requirements. H2S and mercaptans handling will also add 
significant complexity and CAPEX, as the typically preferred 
method for CO2 removal does not necessarily also remove sulfur 
and mercpatans down to the required level and additional 
add-on systems or unproven technology must be selected. 

Motion consideration is 
also critical. The gas contactor 
in the amine-based system is 
vulnerable to vessel motions 
and the degree of removal 
(99.9%) can be affected if not 
designed correctly. Any 
slip-through of untreated gas 
will cause off-spec outlet 
concentration and risk of icing 
and clogging of the cold box.

Water
In current oil and gas 
offshore plants, water 
is typically removed to 
20 – 40 mg/Sm3 in order 
to avoid hydrate formation 
during export of the gas 
in pipelines. For these 
applications, technologies 
using absorption into 
tri-ethylene-glycol (TEG) 
is widely applied. For 
liquefaction of natural gas, 
however, almost all traces 
of water in the natural 

gas must be removed (<0.01 ppmv), in order to avoid icing 
and clogging in the liquefaction heat exchanger. For these 
removal requirements, a TEG dehydration system is not 
efficient enough; an adsorption process into solids (molsieve) 
is the only suitable technology.

There is some perception in the industry that when 
liquefying pipeline gas, as is the case for many FLNG projects in 
the US, there is minimal requirement for water removal, as the 
gas is already pre-treated to pipeline quality. This is, however, a 
misconception, as the upstream amine system, required for 
acid gas removal, is saturating the gas with water. Hence the 
dehydration requirements are independent, whether it is a 
pipeline or offshore project. 

Dehydration in molsieves is a regenerative thermal swing 
system. Typically, there will be three adsorption beds: two 
on-stream and one undergoing regeneration. Molsieve systems 
have offshore references, and have the advantage of not being 
influenced by the motion of the ship. However, for a floating 
liquefaction plant, the gas feed rate is larger than for most 
normal FPSO applications, and it is critical to understand the 
layout and margin required in order to minimise the weight of 
the system. Other special considerations include the following:

 � Free liquids in the feed gas will contaminate the molsieves 
and reduce lifetime.

 � OPEX vs. CAPEX – by nature, the molsieves will gradually 
degenerate over time due to the regeneration process. The 
time between change-out must be evaluated against the 
weight.

 � The molsieve beds inlet piping segments that can contain 
stagnant feed or regeneration gas must be designed in 
such a way that no accumulation of condensed liquids will 
occur.

Figure 2. A 2 million tpy Sevan Marine FLNG solution utilising KANFA Aragon liquefaction 
technology and pre-treatment design (image courtesy of Sevan Marine AS).
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 � Selection of molsieve vendor and type must include 
evaluation of the disposal of used molsieves. 
Environmentally friendly solutions should be preferred. 

Dehydration itself does not affect the overall fuel gas 
efficiency, but the regeneration process effects must be 
taken into consideration as the regeneration gas requires 
heating to above 290 °C in order to properly remove water 
from the beds. Finding an optimal split between waste 
heat and electrical heating is often a challenge. 

Pre-treatment’s potential 
impacts to NPV
The financial outcome for a project is dependent on many 
controllable and uncontrollable factors. Controllable 
factors are typically product quality, production rate, 
availability and system efficiency.

Fuel gas consumption on an offshore FLNG unit does 
not affect a project’s net present value (NPV) in great 
detail. However, it can affect the lifetime of the field.1 This 
also results in liquefaction cycle efficiency having a reduced 
impact to NPV in FLNG projects. However, should the LNG 
not be on specification and to the correct quality, then the 
project’s economics are affected greatly due to the impact 
to revenue. It can then be argued that the traditional focus 
on liquefaction cycle efficiency onshore can be a risk to the 

NPV of an FLNG project, and that considering the total 
picture is more important.

Conclusion
Pre-treatment is an equally critical aspect to an FLNG 
development as the liquefaction system, but one that can 
be overshadowed by discussions on liquefaction technology 
selection. As with liquefaction technologies, pre-treatment 
solutions from onshore cannot simply be transferred 
offshore blindly, but thankfully onshore technologies 
are a good starting point, which is often not the case for 
liquefaction technologies. Many of the pre-treatment 
systems are also proven offshore. By taking account of the 
unique requirements for offshore together with the stricter 
pre-treatment requirements of LNG, a simple and robust 
system can be designed that is an integral part of the overall 
plant. This allows optimal uptime and avoids unwanted 
impacts to production and project revenue. The challenge is 
often having an understanding of both offshore and LNG to 
be able to address these issues. 
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