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ABSTRACT 

Hydrocarbon transport system in oil and gas industry faces major challenges of flow blockage resulting from 
hydrates formation and wax depositions. To ensure efficient and economical hydrocarbons transport from wellhead to 
processing facilities, flow assurance is important in planning and designing of flow transport system. Flow assurance 
challenges in offshores increase with water-depth because of the surrounding low temperature. Flow assurance thermal 
management techniques include insulation, pipe burial, electrical heating, and hot fluid circulation. A survey on thermal 
management techniques employed in oil and gas industry with their various comparative advantages and disadvantages 
focused on achieving economic pipeline design was conducted. The review showed that the most cost effective method of 
thermal management technique is pipeline burial and thermal insulation but less effective down deepwater. Electrical 
heating is effective at all length and at various ambient conditions but expensive. Hot fluid circulation is economical and 
maintenance friendly with less technical risk but less effective when compared with electrical heating. 
 
Keywords: thermal management, flow assurance, insulation, passive heating, active heating, heat retention. 
 
INTRODUCTION 

Flow assurance studies play a significant role in 
the identification, quantification, prevention/mitigation of 
severe fluid flow issues in oil production/transportation 
systems in the offshore oil and gas industry. Flow 
assurance is a major technical challenge which results due 
to the appearance of wax and formation of hydrates at 
temperatures below the wax appearance temperature and 
hydrate formation temperature in flowlines, respectively. 
In some cases, asphaltene precipitate are formed in heavy 
crude oil and deposited on the pipe wall, thus restricting 
the flow. Flow assurance techniques are designed to 
optimize oil recovery and enhance oil production from 
wells over the full range of the oil field's life. It is a key 
factor in the developmental planning of any exploration 
site (Esaklul et al. 2003). Several techniques are available 
for flow assurance in the oil and gas industries which 
include chemical inhibitors, thermal management and 
thermo-chemical management. The chemical inhibitors 
may be in the form of hydrate inhibitors employed in the 
control of hydrate formation or pour-point-depressants 
used for wax deposition control. For long flowlines, the 
economics and viability of chemical inhibitors becomes 
questionable (Thant and Maung, 2012), (Thant et al. 
2011). The use of chemical inhibitors alone has been 
reported by PETROBRAS to be of unfavorable in terms of 
cost-benefit (Rocha et al. 2009), (Cardoso et al. 2003), 
(Marques et al. 2003), (Minami et al. 1999), (Khalil et al. 
1994). Thermal management is an alternative solution to 
chemical injection in the management of hydrate 
formation and wax appearance. Thermal management is a 
technique of heat containment in a flowline to control the 
temperature of the flowing hydrocarbons. Thermal 
management system comprises of thermal insulation and 
active heating. Thermal insulation uses materials with 
relatively low thermal conductivity to reduce heat loss 
from flowing hydrocarbon to the surrounding while active 

heating is the addition of heat from external source to the 
flowline and the flowing fluid. To sustain the heat in 
flowing fluid and control heat loss from the flowing fluid 
in pipeline, thermal insulation is the commonly employed 
technique (Goodlad, 2013), (Dixon, 2013), (Wang et al. 
2009), (Rubel et al. 1994).  

From the survey of Thant et al. (2011), 
comparison of flow assurance mitigation techniques using 
active heating inferred that a combination of two or more 
thermal management techniques are used to effectively 
manage wax deposition and hydrate formation. Therefore, 
this paper reviews thermal management techniques of flow 
assurance, identifies the challenges and recommends 
suitable combination of the cost effective techniques.  
 
THERMAL MANAGEMENT SYSTEM 
 Thermal management technique of flow 
assurance is heat containment method of maintaining the 
temperature of the hydrocarbon flowing through flowline 
at a temperature above wax appearance and hydrate 
formation temperatures. In flowline designs thermal 
management is considered very important in flow 
assurance development because of its cost-effectiveness, 
however with some technical limitations. Thermal 
management techniques can be classified into passive 
mechanism and active mechanism.  
 
PASSIVE MECHANISM 

The passive mechanism of thermal management 
is the insulation of flowlines with materials of low thermal 
conductivity such as polyurethane, polyurethane foam 
(Hansen, 1999), rockwool, rubber, glass reinforced plastic 
and silica sphere slurries (Nelson et al. 1993) to minimize 
and control heat loss from production fluid to the 
surrounding. Some of the insulation methods include wet 
and dry insulations, pipeline burial, pipe-in-pipe, vacuum 
insulated pipe, thin film insulation, and hybrid riser tower.  
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Wet insulation systems employ materials such as 
polyurethane, polypropylene, rubber or glass reinforced 
plastic which have low heat transfer coefficients (U-
values) of approximately 2 W/m2K (Lee, 2002). On the 
other hand, materials for dry insulations include 
polyurethane foam and rockwool which have U-value of 
approximately 1 W/m2K (Lee, 2002) and are mostly 
employed for shallow water and onshore flowline 
insulations. Insulation reduces the heat loss from the 
flowline to the ambient. When a flowline is insulated to an 
optimum insulation thickness, the technique is of lower 
cost compared to other flow assurance techniques but the 
increase in the thickness of the insulation incurs higher 
cost while contact with water deteriorates the performance 
of the dry insulation (Thant et al. 2011), (Hansen and 
Delesalle, 2000), (Woodyard, 1978). Going deep down the 
sea, buoyancy effects limit the overall insulation thickness 
for flowlines. Following the setbacks of the use of 
insulation as thermal management techniques in the 
offshore flowlines, Pipe-In-Pipe (PiP) system was 
introduced to prevent water ingress to the insulation layer 
and to give better insulation performance. The main 
features of a PiP system are a concentric insulated inner 
flowline and a protective outer pipe (Sriskandarajah, 
2000), (Inglis et al. 1996), (Bokaian, 2004), (Harrison et 
al. 1997). Between the inner pipe and the protective outer 
pipe is an annular space for insulation of the inner pipe to 
avoid thermal losses from the flowing fluid (Tough et al. 
2001). A PiP system can be designed with the inclusion of 
partial vacuum in the insulation to reduce the U-value to 
about 0.5 W/m2K (Lee, 2002), (Easton and Sathananthan, 
2002), thus making the system more effective for fluid 
flow heat containment.  

The PiP systems have gained popularity in flow 
assurance for offshore transport of oil/gas, hence designs, 
operations, and thermal studies were reported by various 
researchers (Harrison et al. 1997), (Tough et al. 2001), 
(Easton and Sathananthan, 2002), (Mollison, 1991), 
(Suman and Karpathy, 1993), (Guijt, 1999), (Fyrileiv and 
Venås, 1998), (Ghoi, 1995), (Eigbe et al. 2006). PiP 
flowlines can be installed either in conventional lay barge 
or by reeling operations (Tough et al. 2001), (Mollison, 
1991). The thermal expansion of PiP flowlines has been 
investigated analytically and numerically by various 
researchers (Harrison et al. 1997), (Suman and Karpathy, 
1993), (Guijt, 1999), (Fyrileiv and Venås, 1998). The 
effects of thermal gradients and restraining forces in 
pipeline was studied by Han (Ghoi, 1995) with focus on 
providing accurate pipeline design criteria. (O'Grady et al. 
2008) developed an engineering tool for the prediction of 
installation response of pipe-in-pipe systems in offshore. 
Remedial and operational repairs in PiP was presented by 
(Jukes et al. 2008), (Eigbe et al. 2006), (Gilchrist, 2001). 
The cost of designing a PiP flowline was estimated to be 
about 1.27 ±25% the cost of single insulated pipeline of 
same materials and insulation thickness (C-Core, 2000).  
In the quest to improve heat retention, Vacuum insulated 
Tubing (VIT) was introduced. VIT is an improved design 
of PiP system with thin annulus maintained at vacuum 

condition to reduce heat transfer from the fluid to the 
ambient (Feeney, 1997). VIT is characterized by low heat 
transfer coefficient of 0.008 to 0.36 W/m2K (Feeney, 
1997), (Bunton, 1999). In the Gulf of Mexico deepwater 
fields, VITs were successfully used to prevent wax 
deposition and hydrate plugging and handle annular 
pressure buildup during crude transport process (Bunton, 
1999), (Azzola et al. 2007). VITs were also used to 
manage flow assurance challenges in Norman Well fields 
(Purdy et al. 1991) and Alaska (Singh et al. 2007), (Singh 
et al. 2006), (Feeney, 1999). VITs have no specific 
insulation value (U-value) rather the insulation losses are 
associated to the boundary conditions such as coupling 
insulation and the surrounding thermal conditions (Azzola 
et al. 2004). Vacuum insulated tubing is considered 
expensive when compared to other thermal insulation 
methods of flow assurance (Wang et al. 2009), (Feeney, 
1997), (Purdy et al. 1991), (Davalath and Barker, 1995) 
but may be of advantage in places where the cloud point 
temperature of the crude is high such as Gulf of Mexico 
(Bunton, 1999). 

Pipelines burial is one of the most cost effective 
thermal management techniques in flow assurance (Lee, 
2002) which finds applications in both onshore and 
shallow water sites. It is a form of thermal insulation 
where the pipelines are buried in excavated trench in the 
soil, backfill trench or have rocks dumped over them 
below the mudline. In offshore, pipeline burial depends on 
the pressure, viscosity and temperature characteristic of 
the site, soil properties, topography geohazards and 
infrastructures (Thant et al. 2011). The rationale for 
pipeline burial is on the advantage of utilization of the 
good heat capacity of the soil as both heat storage and heat 
sink. Heat capacity of insulated buried pipelines can be 
higher than a PiP while the cost of an insulated and buried 
pipeline is approximately between 35-50 % that of a PiP 
system (Bai and Bai, 2012), (Bai and Bai, 2005). Buried 
pipelines has as much as four times longer heat retention 
than PiP system during the shutdown period before gelling 
process of wax and hydrates occur (Thant et al. 2011). 
Some analytical and numerical models of the thermal 
process in partially and fully buried pipelines have been 
developed (Zakarian et al. 2012), (Ovuworie, 2010), 
(Morud and Simonsen, 2007), (King et al. 2011). (Oh et 
al. 2014) conducted laboratory experiments to validate 
some of the analytical and numerical models.  
 
ACTIVE HEATING 

The active heating mechanism is a thermal 
heating process where external heat is added to the 
flowline/production fluid through circulated hot fluid or 
electrical heat source (Fleyfel et al. 2004). It is an 
effective and economical solution for flowline thermal 
management systems especially in deep water fields where 
flowlines (subsea tieback field concept) and riser lengths 
are such as to span large temperature and pressure 
differences (Thant and Maung, 2012), (Thant et al. 2011), 
(Chin and Bomba, 1999), (Chin and Kvaerner, 2003). 
Active heating of flowlines are employed for warming up 



                              VOL. 11, NO. 10, MAY 2016                                                                                                                     ISSN 1819-6608            

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved.

 
www.arpnjournals.com 

 

 
6417

the flowline and to maintain or increase temperature for a 
flowing fluid, thus keep hydrocarbons temperature above 
the wax and hydrates formation temperatures over longer 
distances compared to a passively insulated pipeline. The 
use of active heating reduce dependence on flowline 
pigging for wax deposition control (Esaklul et al. 2003).  

Electrical heating is one of the effective heat 
containment flow assurance techniques for long flowline 
systems (Lervik et al. 1998), (Lenes et al. 2005), (Von 
Flatern, 2001). It can be employed to flowlines to 
compensate for the heat loss to the surrounding in the 
course of fluid flow or to heat up flowline and dissolve 
plugs when flow lines were allowed to cool below 
desirable temperature or when plugs obstructs the flow 
pipe (Mares, 1959). It has been successfully applied in 
Statoil Asgard in the North Sea (Helland et al. 2001), 
(Dretvik and Bornes, 2001), (Knudsen et al. 2001) and in 
DeepStar in the Gulf of Mexico (Hansen, 1999).  

The hot fluid circulation method is a flow 
assurance technique where the hydrocarbon is heated by 
convection and conduction from hot water or another 
suitable fluid which is circulated in a relatively small 
heating pipe in a tube bundle. The hot fluid is generated at 
the subsea wellhead or by a heater situated above-surface 
processing facility. The use of hot fluid circulation has 
found application in Statoil's Gullfak and ConocoPhillips' 
Britannia fields (both in the North Sea) and BP's King in 
Gulf of Mexico (Fleyfel et al. 2004) . A hot water heated 
bundle of 15 km subsea Britannia project, UK North Sea, 
design and implementation was reported by (Brown et al. 
1999) and the operation kept transported fluid above its 
hydrate formation temperature. (Zhang et al. 2002) 
analyzed the factors affecting performance of hot fluid 
active heating pipeline system and reported that hot fluid 
flow rate, hot fluid temperature, pressure, and heat 
generation system capacity must be properly determined 
with respect to transport flowline length and the 
surrounding condition for the pipeline to meet the 
expected performance. The authors reported that direct 
and indirect hot fluid heating are effective but direct hot 
fluid heating has more efficient heat exchange between the 
heating fluid and the heated fluids than indirect hot fluid 
heating. On the heat loss, it was reported that indirect 
heating loses less heat to the ambient than the direct 
heating. On cost relationship, the indirect heating bundle is 
smaller than the direct heating bundle in size, thereby 
lower in cost of manufacture. The indirect active heating 
technique was also reported to have more flexibility for 
modification, maintenance and repairs than the direct 
heating system. (Rouillon, 2002) presented the report on 
the installation of production bundle in West Africa, which 
has stringent operating requirements for flexibility with 
the length of the production bundles varies from 700 m to 
3000 m and showed that indirect heating system was 
suitable for the required flexibility. (Esaklul et al. 2003) 
describes the flow assurance challenges encountered in the 
development of a multi-well of about 27 km transport 
bundle length and how a 30 wt % aqueous ethylene glycol 
solution as heating fluid was used to solve problem of wax 

deposition. The report concluded that indirect active 
heating using hot fluid is more cost effective for long 
distance transport but requires exterior insulations using 
PiP. (Fleyfel et al. 2004) evaluated the cost effectiveness 
of conventional PIP insulation, non-jacketed insulated 
pipeline and two configurations of hot fluid active heating 
options for the transportation of waxy crude oil for 16.1 
km pipeline at offshore Africa. They reported that the non-
jacketed pipe option is not thermally efficient while the 
PiP insulation can keep the crude oil warm during normal 
flow but at low temperature, it could not meet the expected 
temperature requirement for waxy crude. It was reported 
that the bundled pipeline configurations maintain the crude 
oil temperature above the WAT thus avoiding waxing and 
gelling during both steady state flow and restart 
operations. 

Secher et al. (2002) describe an Integrated 
Production Bundle (IPB), which is an integration of the 
hot fluid active system with electrical heating technology. 
They concluded that both electrical and hot fluid active 
heating approaches have advantages where the hot water 
circulation is considered cheapest, followed by the 
integrated electrical and hot fluid circulation system while 
the electrical system was the most expensive but any 
selection between them would depend on the specific 
circumstances. 
 
COMPARISON OF FLOW ASSURANCE 
TECHNIQUES 

Based on the various thermal management 
methods currently practiced in the oil and gas industry, a 
comparison of their effectiveness, cost and flexibility is 
presented in Table-1. 
 
CONCLUSIONS 

Proper flow assurance strategy is important in the 
planning and development of any exploration site for the 
management and mitigation of hydrate formation and wax 
deposition in the production fluid transport system. A 
good flow assurance strategy will prevent flowline 
restriction which may result from solid depositions, reduce 
downtime during operation and prevent product loss and 
the related economic loss and environmental degradation. 

This study reviewed the current thermal 
management operation techniques for flow assurance 
challenges mitigations. It highlighted the different 
techniques applicability and limitations. In the review, 
pipeline burial was found to be most cost effective with 
good heat retention capacity but limited to shallow waters. 
Conventional insulation process was also found to have 
good thermal retention capability but when employed for 
offshore under high pressure might get soaked and lose the 
proper insulation quality leading to excessive heat loss 
from the flowline. The PiP system and the VIT-PiP system 
are effective in heat retention, control of leakage to the 
surrounding and pressure management but of higher cost 
compare to conventional insulation. The passive thermal 
management techniques are not suitable for long distance 
waxy crude transport in low temperature surrounding and 
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will require other supporting flow assurance techniques to 
effectively transport the crude with low down time. 

 

 
Table-1. Comparison of thermal management methods with their effectiveness, cost and flexibility. 

 

 
 

Active heating methods on their own without the 
support of the passive technique – insulation will be 
impracticable because of the excessive heat loss that the 
system will be prone to. Considering the two forms of 
active heating, it was shown that hot fluid circulation is 
more cost effective compared to electrical heating. For the 
hot water circulation, indirect heating is more cost 
effective compared to direct water circulation while the 
indirect heating method is less effective because the heat 
transfer mode between the dedicated heating tube and the 
production pipes is by convective heat transfer but for the 
direct, the heat fluid has direct contact with the production 

pipe which transports the products, thus higher heat 
transfer effect. 

A combination of two or more thermal 
management techniques was found to be common in the 
management of flow assurance challenges in the industry. 
It was found that flow assurance technique is site sensitive 
and production fluid characteristics will determine the 
thermal requirement.  

With thermal management techniques, the uses of 
conventional chemical injection of hydrate inhibitors such 
as glycol and pour point depressant can be avoided. For 
high performance, high efficiency and operational 
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flexibility, active heating is most practicable, economical 
and viable solution compared to passive techniques in the 
management of various flow assurance challenges in 
offshore fields. Following the above comparison, it can be 
inferred that hot fluid active heating with PiP insulated 
outer wall is most cost effective combination of thermal 
management techniques.  
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