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discuss the construction 
of a power plant and its 
need to transfer fuel to 

local storage tanks using 
an insulated and heat 

traced pipeline.  

On the Greek island of Rhodes, a 
new 115 MW power plant is being 
constructed through an engineering, 
procurement and construction (EPC) 

turnkey contract.  
The plant will use diesel engine generators 

that will run on heavy fuel oil (HFO), with light 
fuel oil (LFO) as a backup. Therefore, there will 
be a need to transfer fuel to local storage tanks 
using a pipeline that is insulated and heat traced.  

The pipeline will have a 10.75 in. dia. section 
offshore, and both buried and unburied 16 in. dia. 
sections onshore.

The customer defined the thermal 
management of the pipeline to be a combination 
of a passive insulation and an active heating 
system. However, the challenge still resided in 
developing a cost-effective and fully integrated 
solution for such a concept. 

Shawcor’s scope for this project included 
engineering services, the provision of line pipe 
and field joint coatings (FJCs), as well as the 
design and procurement of the active heating 
solution. 

Shawcor’s pipe coating and insulation 
solutions are applicable to oil and gas 
transmission pipelines, can withstand 

Greece



temperatures above 120˚C and can heat waxy oil from an 
ambient temperature to 55˚C in less than 48 hrs. Although 
this article uses a power plant as a case study, the same 
technologies and solutions can be applied on oil and gas 
transmission pipelines.

Design basis
The design basis of this project specified that the HFO 
has an optimal flow temperature of 55˚C. It also had 
to be considered that before the arrival of a tanker, 
all pipeline sections had to be heated to 55˚C from 
ambient temperature, which could be as low as 10˚C. The 
specification indicated the heat-up time should be no more 
than 48 hrs. 

Active heating technology
The concept of the technology proposed by the customer 
was to use four 1 in. dia. heating conduits, spread evenly 
around the carrier pipe circumference, each carrying its 
own cable and welded onto the carrier pipe body. After 
preliminary engineering studies, Shawcor’s technical concerns 
were:

 ) The integrity of the anti-corrosion protection coating 
when installing the tubes.

Figure 1. Pre-insulated, heat traced hot bends.

Figure 2. Test project pipe fabrication embedding temperature 
sensors.

 ) The efficiency of pulling cable in the field through tubes at 
all clock positions around the pipe.

 ) Whether this approach would provide sufficient heating 
capacity during the heat-up phase.

Shawcor proposed a different heat tracing technology, 
which would bring technical and commercial benefits to the 
overall insulation system. Some of the technical benefits of 
this alternative technology are:   

 ) Improved compatibility between the anti-corrosion coating 
and installation of channels.

 ) Change of the conduits dimensional design, allowing 
improved and continuous contact surface with carrier pipe.

 ) Use of specific cabling with improved efficiency.

 ) Cable within the channels with an evenly distributed 
spread (i.e. between 10 and 2 o’clock).

 ) Flexibility in the design of the power system (i.e. longer 
distances, reduced power stations etc.).

 The active heating system proposed by Shawcor is based 
on three heating circuits composed by three cables each. The 
project conditions will only require to use a maximum of two 
circuits, thus considering the third circuit as a backup. The 
control system developed for these circuits delivers power to 
the cables and has the capability to seamlessly interchange 
between each of them in case of failures. 

Finite element analysis (FEA) heating simulations have 
been run up to steel temperatures of 120˚C, with the purpose 
of establishing the response and envelope of the overall 
system, taking into account the maximum specified heating 
time of 48 hrs. After various design revisions, the maximum 
design temperature was set to be 100˚C. The simulations 
showed good heat distribution, with no cold spots around the 
circumference, even though heat was only generated in one 
quadrant of the pipe. Such temperatures (heat-up stage) were 
expected to be maintained for about 25 hrs during the design 
phase. Active heating restarts at half capacity during vessel 
offloading to maintain the temperature. The heat-up stage 
then takes place again, upon arrival of the next cargo.

In addition to the thermal analysis, the pre-insulated 
pipeline has been modelled with dedicated software, which 
performs a stress analysis with the purpose of verifying the 
need of expansion loops, trench bed characteristics and 
mattresses position.

Coating and insulation
As per the customer’s specified concept, all pipeline sections 
are insulated from the tanker hook-up offshore to the storage 
tanks onshore.

The offshore section has 600 m subsea and 100 m 
of transition to land, is steel-in-steel, pipe-in-pipe, is 
10.75 in. x 15.9 mm inside 16 in. x 9.53 mm, and is insulated 
with polyurethane foam (PUF) at a density of approximately 
60 kg/m3.
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The buried onshore section is 4 km long, to a depth of 
1.5 m. It is a 16 in. x 21.4 mm pipe inside a 630 mm high density 
polyethylene (HDPE) jacket, and the annulus is PUF insulated.

Another positive impact derived from the proposed 
alternative active heating solution is that the technology 
enabled the application of factory applied corrosion coatings. 
This is relevant to the project’s functional requirements. 
Temperatures from the design phase indicated the need of 
a high temperature fusion bonded epoxy (FBE) to resist local 
temperatures from the heating cables. 

The nine channels selected from the design phase of 
the heating technology guide and ensure that the heating 
cables are fitted to the carrier pipe using permanent guides 
to maintain the intended channel orientation. Spacers fitted 
over the channels keep the outer pipe concentric with the 
carrier pipe. The guides and spacers are designed so they do 
not obstruct the pipe-in-pipe annulus and allow the expanding 
PUF to flow. The assemblies are stabbed into the jacket using 
wheeled guides temporarily clamped to the lead ends of the 
inner pipe.

The tilt and pour technique is the selected process to fill 
the annulus with PU. So, prior to insulation, each channel is 
plugged at both ends to prevent any inadvertent fill, which 
could block the cable pulling process. Specifically designed 
flanges are used on both ends so the PUF is moulded into the 
correct end geometry. The end of the PUF and jacket has a 
cutback that is 90˚ to the axis of the pipe.  

Field joint construction
Both field joint systems, onshore and offshore, have been 
provided by Shawcor. The onshore FJC consists of preforming 
PUF shells that are sized to fit over both the pipe and cable 
channels. The CANUSA SuperCaseTM system consists of shrink 
film sleeves, which fits over the PUF and a CSC-X shrink sleeve.

The anti-corrosion system on the carrier pipe is a high 
build liquid epoxy, which is field applied before the cable 
pulling process. Short sections of channels are then placed 
over the exposed cable, as are the PU shells. Canusa SuperCase 
ensures double sealing of the system.

The offshore field joint consists of liquid PU foam that is 
injected in the annular space obtained between the carrier 
pipe and a casing, which is obtained by welding two steel half 
shells.

Surface preparation of the carrier pipe, coating and cable 
pulling follow the same procedure of the onshore field joint.

The half shells were designed in accordance with the 
cutback configuration of the pipe-in-pipe, including a series 
of backing rings and strips to support and guide the two half 
shells during installation and welding.

After welding, non-destructive testing control and foam 
injection, the external surface of the field joint area is blast 
cleaned and protected using a high build liquid epoxy and 
a shrinkable sleeve. This, as a result, provides mechanical 
protection on the field joint area to supply continuity to the 
three layer PE coating that is applied on the steel casing pipe.

Verification trails and heat simulation tests
Performing a full scale heating simulation test was required 
to reproduce the planned operating condition, as a means 
of validating the proposed insulation and active heating 
solutions. The process consisted of heating a pipe with 
the factory applied insulation system and corresponding 
HFO, from an ambient temperature of 10˚C to an operating 
temperature of 55˚C in 48 hrs in a no flow condition.

A heat traced and insulated pipe was prepared for 
the heating simulation. The pipe was instrumented with 
temperature sensors before insulation, as was the bore of 
the pipe, to provide actual temperature readings of the HFO 
being heated during the verification trial. The ends of the pipe 
section were closed off with ported connections to allow the 
bore to be filled with test fluid.

The system was placed in a refrigerated environment and 
was allowed to stabilise at 10˚C. Then, the heat tracing was 
powered and the data recorded.

Compared to the simulations run during the design phase, 
the results showed a sensibly lower temperature differential 
between the steel pipe and the fluid during the heat-up phase, 
as well as a quicker convergence to the target temperature 
once the heating was switched off.

The heat-up simulation with the FEA model results 
(Figure 4) are represented by:

 ) The blue curve, which indicates the pipe surface 
temperature. 

 ) The orange curve, which indicates the HFO temperature.

 ) The red continuous line, which indicates a the active 
power duration that was considered.

The results of the full scale heating trials (validation trials) 
are represented by:

 ) The light blue is the actual pipe surface temperature 
measurements. 

 ) The green curve represents HFO’s actual measured 
temperature.

 ) The red dashed line indicates the active power duration 
used during the trials.

Figure 3. PUF shell section dimensional control prior to 
installation.
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In both cases (FEA model and heat trials), the 55˚C target 
was achieved before 48 hrs. The heat trial demonstrated the 
temperature is achieved before the time that was predicted 
by the FEA model. The heating trials also demonstrated 
improved efficiency of the active heating solution when 
compared to what was predicted by the models. It was 
attributed, probably, to the fact that FEA models used for 
the simulation did not consider the contribution of the 
convection. Additionally, the heating trials revealed that the 
pipe would need a shorter active heating time (in the order 
of 17 hrs) vs what was predicted from the FEA models (around 
25 hrs).

Installation challenges
Cable pulling was one of the key challenges identified at 
early stages. This was of interest since the selected process 
needed to facilitate the installation phase, allowing to pull 
longer lengths and avoid damage. The project also involved 
special items, such as hot bends, isolating joints, bulk heads, 
tees, cable extractions, subsea goosenecks etc. All these items 
required specific engineering work and design to incorporate 
the heating system and allow an easy installation.

Conclusion
This project required multidisciplinary capabilities and 
expertise. Shawcor, through its Pipeline Performance 
Group, managed to provide such support by leveraging 
its global engineering and technical solutions, delivering a 
full suite of corrosion protection, mechanical protection, 
insulation, field joints, weight coating and flow assurance 
solutions for onshore and offshore pipelines. Combined 
with the company’s complementary heat shrink sleeves, pipe 
protection, transportation and storage products, Shawcor 
offers end to end solutions to protect any pipeline, anywhere 
in the world.

The company’s diversified portfolio was also a critical 
contributor to the project requirements. Being an end to end 
solution supplier, the system components were successfully 
integrated in one efficient method, preserving and maximising 
the overall system performance. 

Figure 4. Simulation vs full scale test.
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