
T he marine market has never had so many alternative 
fuels as it does today, and there are still more to come. 
The suppliers in the market must adapt and keep adding 

innovative technology to ensure a more sustainable industry.
The current LNG industry is still a hot potato, and there are 

lots more solutions to come for increasing efficiencies and 
lowering global emissions. 

Traditional methods of insulating LNG tanks are 
well-known in the industry but in the background, several R&D 
teams are continuously working to find a better solution to 
decrease the overall heat ingress. Some of these are:

� Cold spots between insulation panels.

� Delamination and cracks among insulation layers.

� Heat transportation in penetrated structures, such as 
supports, lugs, and studs.

� Less effective chemical mixture in panels or spray foam 
insulation.

Insulation products
Several insulation alternatives are available for the 
independent tank applications today. Some of them are 
mentioned next, and PASSER Marine and PASSER Lanyu can 
supply almost all of them to clients:

� Vacuum and perlite (vaccum tanks Type-C only).

� Vacuum insulation panels (VIP).

� Aerogel insulation.
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 � Panel solutions for A-tank.

 � Panel solutions for B-tank.

 � Spray foam insulation for A, B, and C-tank.

 � Heavy-duty insulation (HD).

Almost every applied panel or sprayed insulation are of 
polyurethane foam (PUR). This material has many different 
properties, and can be found in foam, plastic, and elastomer. 
Recently, polyisocyanurate (PIR) has replaced PUR in many 
places, and it has been called ‘the improved PUR’. The basic 
compounds are the same but with different mixing ratios, and 
PIR is mainly produced as foam. Prefabricated panels (mostly) 
or directly applied sprayed foam insulation in situ. The 
improved properties are thermal co-efficient, more stable, and 
fire resistant. Expanded polystyrene (EPS) is another choice 
when it comes to choosing a panel solution, with relatively 
poor thermal performance but lower material cost with 
specified application.

Means to be evaluated before selecting 
insulation technology
To approve a new insulation system, the product has to be 
tested and approved. Test criteria vary with different products, 
but there are certain criteria that must be fulfilled before it is 
allowed to be used in marine gas installations.

 � Cargo compatibility.

 � Cargo absorption.

 � Cargo solubility.

 � Shrinkage.

 � Ageing.

 � Closed cell content.

 � Density.

 � Mechanical property.

 � Abrasion.

 � Cohesion.

 � Thermal conductivity (K-value).

 � Vibration resistance.

 � Fire and flame spread resistance.

 � Asbestos-free.

 � Mockup cooldown test.

 � Fatigue and crack propagation resistance.

Spray foam insulation
Spray foam insulation is the newest technology which is used 
more and more for single skin C-tank applications, replacing 
panel insulation.

A typical setup for a spray foam insulated tank is a triple 
reinforced arrangement with a PU adhesive primer as the first 
layer. This should reinforce the bonding effect between the 
insulation and tank surface. The second step is multiple layers 
of spray foam insulation with glass-fiber crack arrestors to 
strengthen the tensile strength and avoid penetration cracks 
due to thermal contraction.

Total thickness can be adjusted in accordance with the 
clients’ requirements. The top surface with either FRP, 
Tough CoatTM, or spray polyurea coating (Figure 1).

Due to thermal contraction caused by cryogenic cargo/fuel 
temperature, worse sea conditions, insulation design failures, 
and poor construction, abundant insulation failures happen 
and have happened over the past years on numeruous 
installations of type-C tanks. This affects OPEX and generates 
technical difficulties for operation and design-life.

Some of the risks are shown in Figure 2.

Vacuum insulation panels
VIPs are a proven technology used for land-based equipment 
and a well-known product from the aerospace industry. They 
have a very low K-value, and are initially eight to 10 times 
better than PUR. The VIPs are easy to combine with spray foam, 
they are vapour tight, and consist of only non-combustible 
materials. The downside is the fragility under installation, 
ageing and thermal bridging around edges, together with 
OPEX, means it is difficult to ensure and detect the vacuum 
of each panel after installation during its lifespan. This is also 
applicable to hydrogen too. 

Boil-off gas
When a new ship or retrofit is about to be contracted, shipowners 
must consider a lot of things before decisions are taken. The 
entire operational profile of the ship is considered, including 
the different fuel consumptions, boil-off rate (BOR) and holding 
times, space utilisation vs. insulation thickness, tank technology, 
cost, and weight.

Operational profiles explain more about gas consumption at 
different operational cases. With that information, it is easier to 

Figure 2. Possible risks and failures.

Figure 1. Polyurea coated bilobe C-tank.
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select a suitable tank technology that can meet financial and 
technical budgets. 

For C-tanks only, it is easy to think that high design pressure 
is better in any cases for better holding time and operational 
flexibility. It might be correct in some cases, but in others it is 
not. Higher design pressure results in higher plate thicknesses 
for tanks, resulting in a higher weight. In addition, it has a direct 
impact on the loading limit of the tank, in accordance with IMO’s 
loading limit formula. Type-C tanks usually have relatively low 
space efficiency in the hull, especially on modification vessels.

However, by adjusting the insulation thickness, it is possible 
to compromise the holding time slightly. 

Even variable thicknesses can be applicable for some 
installations on limited hull space. Figure 3 is showing 
transitions in insulation thickness between 400 mm and 
700 mm. The thickness transition must be performed at support 
terminations. It is therefore recommended to keep the lower half 
cross-section as circular as possible, and allocate most of the 
thickness variations to the upper-half cross-section. With the 
indicated configuration in Figure 3, the insulation volume is 
equivalent to a nominal thickness of 520 mm insulation. 
Multi-layer crack barriers shall be applied inside insulation foam 
layers to avoid penetrated cracks with such a thick thickness 
under cryogenic contraction. 

Detection systems
For independent tank Type-A and Type-B, it is required to have a 
detection system for monitoring the integrity of the tank.

As a rule of thumb, the difference between the two tank 
types with LNG are:

 � Type-A – an un-insulated tank in an insulated hold space, 
requiring a full secondary barrier.

 � Type-B – an insulated tank in an un-insulated hold space, 
requiring a partial secondary barrier.

For tank Type-A, the tank material and design are not crack 
propagation resistant. Therefore, a full secondary barrier is 
required in order to ensure safety and no cargo leakage. The 
insulation is fixed to the inner hull of the ship, and with a 
required distance of 600 mm free inspection space from 
insulation to tank structure, it leaves a significant hold-space as a 
buffer in between. This 600 mm space surrounding the tank shall 
have an inert (nitrogen) atmosphere, and is continuously 
monitored with hydrocarbon gas detection. 

The secondary barrier is usually fixed to the insulated surface 
and has to cope with harsh working conditions due the low 
temperatures, thermal, and mechanical stress, and often an 
overpressure inside the hold-space. Under these conditions, the 
secondary barrier must be liquid tight in case of a tank rupture, 
and it must remain liquid tight for 15 days. The full secondary 
barrier should cover the entire insulation surface inside the 
hold-space, up to 30˚ of heel. 

 As a redundant safety measure, the secondary barrier needs 
to be periodically checked for its integrity. Potential nitrogen 
leakages from the hold-space shall be discovered and evaluated. 
It is up to the suppliers to define what is a critical leak in the 
secondary barrier, and to find acceptance criteria. 

For monitoring the integrity, a combination of temperature, 
pressure, and flow monitoring can be used. Temperature 
monitoring inside the insulation area is required by IMO and 
class societies, and the sensors are good to help locate the 
leakage area. 

 Differential pressure between hold-space and the 
insulation area can be helpful to get a discharging flow down 
to the insulation area, and a certain cooling effect that 
triggers the temperature sensors. Vertical gaps between the 
PUR panels are usually filled with rockwool or glass-wool for 
flexibility, and can be utilised as gas paths for the leaked gas. 
Ideally, these need to be as close to the secondary barrier as 
possible to avoid cold gas coming close to the inner hull of 
the ship. When a leakage occurs in the secondary barrier, and 
gas flows through the vertical gaps, the gas is led to a 
manifold and an outlet with flow monitoring. With flow-values 
on the leakage, and a position from the temperature sensors, 
it is possible for an operator to evaluate if the puncture 
generates a critical leak or not. This is all based on 
pre-defined values from the supplier.

Figure 3. Insulation thickness transition.

Figure 4. Typical gas detection set-up.
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For a B-tank, requirements and technology hit differently 
due to sufficient fatigue strength to prevent crack penetration 
during its lifespan, with only a partial secondary barrier. The 
insulation is directly fixed to the tank, and a temperature 
gradient is taken there. This leaves the surrounding 
hold-space to work in ambient conditions. Space between the 
insulation and the inner hull steel structure is equal to A-tank 
requirements and must be 600 mm. B-tank leakage handling 
systems act as a small leak protection system, in case of a 
failure in the tank itself, facilitating detection of any 
envisaged leakage early enough for 15 subsequent days of 
crack growth without the crack reaching critical state and 
providing appropriate leak handling during this period. In 
summary, the functional requirements are:

 � Restrict heat ingress to ensure less than maximum 
specified BOR during normal operation. 

 � Ensure hull temperature is above the specified minimum 
for the steel hull material during operation in case of 
damage to the insulation. 

 � Ensure early detection of tank safety.

 � Ensure hull temperature is above specified minimum in 
case of a tank leakage, i.e., provide spray shield/secondary 
barrier to prevent leakage through the main insulation.

 � Ensure safe handling, drainage, evacuation and/or 
containment of leaked cargo/fuel for a timespan ranging 
from first leak to a minimum of 15 days after first 
detection. It must be verified with the tank designer that 
the time between the first leak and the first detection and 
the prescribed 15 days does not exceed the estimated 
time for critical crack growth.

There are two well-known methods to handle leakages for 
Type-B in the market today. The first technology is based on a 
standard partial secondary barrier, which is basically a large 
drip tray. The detection system drains the leaked cargo/fuel 
from tank itself through a grid of paths within the insulation, 
either through gaps (insulation panels) or created drains in 
the spray foam insulation, all based on gravity flow from the 
leaked area toward a drip tray positioned underneath the tank.

The second technology is newly approved with a GASA by 
DNV and consists of a full secondary barrier. The secondary 
barrier of Tough Coat is installed directly onto the spray foam 
insulated surface, and is completely liquid tight. Tough Coat is 
built up by several layers with a core material of Polyurea. A 
stainless-steel mesh is embedded in the coating for strength 
and flexibility, while a thin aluminium foil ensures excellent 
resistance to vapour and/or liquid ingress. With this system, 
the safety aspects are taken beyond the standard setup and 
beyond basic requirements given by class societies. 

Close to the tank, a glass-fibred mesh will carry the 
potential leak and distribute the spread in the mesh-network. 
A discharged flow of nitrogen will leak the leaked gas through 
the mesh network, toward an outlet pipe with gas detection 
(Figure 4).

Internally in the mesh network, there is also a network of 
main paths acting as manifolds for main flow distribution of 
leaked gas. Depending on the leak rate, cargo (leaked gas) can 
be stored temporarily within the mesh network in the 
insulation until the pressure capacity is reached and rupture 
disc/safety valve arrangements can be activated to allow 
evacuation into the external reservoir (drip tray). 

 The functionality of an external reservoir could be either 
open for evaporation into the hold-space, closed for pumping 
to the liquid reservoir and subsequent handling, closed with 
evaporation to the mast, or a combination of the above. 
Capacity requirement is >200 l/h at 30˚ heel and 15˚ pitch. 

A strong coating
Tough Coat is a good product for heavy duty installations, with 
its robustness and flexibility. 

There are no cracking issues, and it copes easily with 
thermal expansion/contraction on LNG installations. For tanks 
installed on deck, or in other harsh environments, Tough Coat 
is a good choice to consider, with its high chemical and salt 
resistance, mechanical resistance, vapour tightness, 
non-corrosive, and UV proof painted surface. 

Tough Coat is installed on Type-C tanks as rolls, and 
assembled before the final stage of spray foam insulation is 
applied. When Tough Coat is installed, the final spray foam 
layer is injected behind for expansion and to tighten up the 
Tough Coat installation. 

Figure 7. Glass fiber mesh network.

Figure 6. 28 000 m3 LNG floating regasification unit 
(14 000 m3 and 14 000 m3 single Type-C tanks).

Figure 5. 30 000 m3 LNG carrier (16 000 m3 and 14 000 m3 
bilobe Type-C tanks).


