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The global energy industry continues

to expand into deeper waters, harsher
climates, and increasingly complex operating
environments, and the consequent demands
placed on pipeline systems continue to
intensify. Higher temperatures, fluctuating
pressures, corrosive environments, and
challenging installation conditions all place
extraordinary stress on the infrastructure.
The combination of mechanical forces and
thermal cycling creates coupled stresses
that require protective systems capable

of maintaining stability under dynamic,
rather than static, conditions.

Pipeline coatings play a crucial role in
Maintaining the long-term reliability and
performance of the energy infrastructure.
They serve as the first line of defence against
external conditions that can compromise
pipeline integrity, protecting against
corrosion, mechanical damage, and thermal
loss. As infrastructure continues to be
deployed in the challenging environment,
coating solutions must be tailored with
precision to ensure safety, efficiency,

and asset longevity.
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Functions of Pipeline Coatings

Pipeline coatings typically address
three main requirements. Anti-
corrosion protection prevents

the degradation of steel surfaces
caused by exposure to seawater,

soil chemistry, or transported media.
Mechanical protection safeguards
against impact and abrasion,

an essential consideration where
pipelines cross uneven terrain,

are laid in shallow waters susceptible
to impact from fishing or dropped
objects, or face handling damage
during installation. Thermal insulation
provides control over heat transfer,
ensuring transported products
maintain operational temperatures
while minimising environmental
heat loss.

To meet these demands, specialist
field joint coating contractors offer
and apply a wide range of coatings.
Fusion Bonded Epoxy (FBE) is

a well-established anti-corrosion
system used onshore and offshore.
Polyethene (PE) and Polypropylene
(PP) provide mechanical
reinforcement over anti-corrosion
layers, protecting against handling
and impact damage. Polypropylene,
Polystyrene and Polyurethane

are the basis of three of the most
commonly, though not exclusively,
used materials for insulation of
pipelines. Heat-shrink sleeves are
also a practical solution for field
joints, both for onshore and
offshore projects.

Each coating system responds

to specific operational and
environmental challenges.
Selecting the right combination is
essential for ensuring that pipelines
can withstand decades of service
under variable conditions.
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Onshore and
Offshore Differences

The coating requirements for
onshore pipelines are generally
less complex, with FBE, PE/PP
wraps, paints, and heat-shrink
sleeves meeting many operational
needs. Onshore coatings typically
face ambient temperatures,
predictable soil compositions,

and installation environments that
allow for controlled application
and curing. While onshore
challenges such as rocky terrain,
cold-weather installation, or high
groundwater salinity still require
careful engineering, the range

of proven systems available
makes specification relatively
straightforward.

Applications for the offshore
environment, however, present
significantly greater technical
challenges.

Subsea pipelines operate in an
environment where seawater

may be 4°C or lower, while
transported products can exceed
150°C. To manage these extremes,
multi-layer insulation systems are
often applied, using polyurethane,
polystyrene, polypropylene or silicone
composite syntactic materials or
foams in thicknesses of up to 120
mm. These layers help maintain
temperature stability and prevent
issues such as wax deposition or
hydrate formation. In addition,
high-performance FBE systems are
specified to provide robust corrosion
resistance. Pipelines operating

at elevated temperatures require
specialised materials and processes
to ensure reliable long-term
performance.

Every offshore project introduces
unigue variables — differing

water depths, seabed geology,
installation methods, and operating
temperatures all influence coating
selection. Thermal properties
become critical, especially where
flow assurance models indicate

a risk of solid formation or heat loss.
Mechanical strength is also vital,

as subsea pipelines must withstand
installation loads, abrasion from

the seabed, fatigue when moving in
subsea currents, when rising to the
surface as a steel catenary riser and
occasionally, free-span movement.

Importance of
Quality and Testing

Ensuring coating performance
under such demanding conditions
is paramount and requires rigorous
validation. Procedure Qualification
Testing (PQT) and Pre-Production
Testing (PPT) are mandatory for the
industry’s safety and efficiency,

as these test programmes verify
the compatibility of coating
materials, equipment, and
application techniques.

Testing often has to include full-scale
testing such as bend, clamp, impact,
fatigue, temperature and pressure
simulations to replicate installation
stresses, subsea environment
simulations to assess long-term
resistance, and small-scale material
evaluations to verify curing behaviour
and adhesion. Historic performance
data from previously qualified
systems could also provide an
additional layer of assurance.

By combining laboratory results
with field-proven data, we ensure
that coating solutions not only meet
but also sustain client specifications
throughout the asset lifecycle.
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Pipeline coatings deliver
corrosion resistance,
mechanical protection

and thermal insulation,
ensuring long-term integrity,
performance and reliability
of onshore and offshore
pipelines under demanding
operational conditions.

These testing programmes mirror
the stresses a pipeline encounters
during real-world operations —
laying over stingers roller supports,
bending during reeling, clamping

in tensioners, thermal expansion,
hydrotesting, and long-term
immersion. Validating coatings in
conditions that simulate these events
is essential for predicting long-term
performance and ensuring reliability
during installation.

Engineering and Innovation

A key advantage in the coating
sector is the ability to act as both

an applicator and an innovator.
Some contractors have engineered
proprietary application systems such
as the Raptor Il (combined heating
and FBE coating equipment) and
Injection Moulded Polypropylene
(IMPP) systems.

Innovations are not driven in isolation
but informed by a global database

of operational performance data
accumulated over decades and the
increasingly complex infrastructure
needs. This iterative approach
enables the sector to continually
refine its systems and respond o new
technical requirements emerging in
the oil, gas, and renewables sectors.

The combination of engineering
capability and field experience is
particularly valuable as the industry
transitions toward more demanding
operating environments. Whether
supporting deepwater projects, HP/
HT pipelines, CO» transport lines, or
emerging hydrogen infrastructure,
coating systems must continue to
evolve. Materials research, process
refinement, and predictive modelling
all play a role in achieving consistent,
high-quality coating performance.
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A Technical Contribution
to Projects

Although coating systems are often
client-specified, technical coating
teams contribute at every stage of
the project. During tendering and
project planning, experts provide
guidance on selecting the most
appropriate materials for expected
operating temperatures, pressures,
and environmental conditions, with
risk mitigation a key input. They also
recommend curing and application
techniques suited to site-specific
constraints, whether onshore
construction yards or offshore
fabrication sites.

This technical oversight ensures
that coatings are not only correctly
applied but are also optimised for
the realities of field operations.

Field joint coatings, in particular,
benefit from early engineering
input. Matching performance
characteristics with the parent
coating system - thermal properties,
adhesion, and durability -requires

careful selection and process control.

By addressing these details early,
project teams can reduce schedule
risk and ensure compliance with
design requirements.

Conclusion

As pipelines extend into more
extreme conditions, the demands
placed on coating systems will only
increase. Meeting these challenges
requires not just proven materials
but also rigorous testing, innovative
application systems, and technical
expertise integrated throughout
the project lifecycle.

When field-proven systems,
proprietary technology, and
specialist knowledge are combined,
coating solutions can be designed
to safeguard infrastructure
performance in both onshore

and offshore environments.

Such an approach helps ensure
that coatings deliver consistent
protection, durability, and efficiency,
contributing directly to the long-
term integrity of critical energy
assets.

As operating demands continue to
rise, so too does the need for coating
systems that deliver predictable,
repeatable performance under
pressure. Maintaining that standard
requires a commitment to rigorous
testing, disciplined application, and
continuous technical refinement
across every stage of the project.
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If you have any questions or
would like to find out more,
please contact:

enquiries@crce.com

Pioneering Today.
Powering Tomorrow.
T4s who we are

crcevans.com




