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This report was commissioned by Saudi Aramco Technologies Company (Aramco Tech) and Abu Dhabi National Oil Company (ADNOC), sponsors of the NIC managed by TWI Ltd, to identify the current state-of-the-art and to identify future challenges to the safe
application of non-metallic materials. This is mainly in the form
of polymer composite materials in the oil and gas (O&G) industry.
In identifying trends, drivers and barriers, the report aims to prioritise recommendations to achieve an improved understanding
and expanded operating windows, through life quality assurance
and safe operation to protect both people and the environment.
Most of the information presented in this report was compiled after the
roadmap sessions in the NIC Technical Advisory Board (TAB) meeting
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Background

•

Provide unbiased insights and ideas from a third point-ofview.

The content of this report is not intended to be an all-encompassing, fully comprehensive review of the subject matter but rather a consolidation of the views and opinions of
the various attendees of the TAB and some selected additional information from the scientific and commercial literature. The TAB attendees are considered to represent an
informed cross section of organisations, companies, manufacturers, users and other stakeholders with specific expertise
and knowledge in the generic field of polymer composites.

that was held on 1 November 2018 in the Aramco Overseas Company
Office in London, UK. The TAB meeting involved four sessions related to
Reinforced Thermoplastic Pipe (RTP), Thermoplastic Composite Pipe
(TCP), Reinforced Thermosetting Resin Pipe (RTR), and polymer-lined
steel pipe. The attendees were from academic institutions, research
centres, O&G companies and composite materials manufacturers.
The TAB’s remit was to:
• Provide an understanding of the technical, market and industry
trends;
• Advise and recommend a technical future research strategy for
the Non-Metallic Innovation Centre;
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0 2
Foreword
Polymeric materials are used in oil and gas (O&G) production services in various applications. Traditionally they are used as barrier
materials for produced fluid containment and to protect metallic
components from corrosion. Examples of implementation are in
unbonded flexible risers, flowlines and polymer lined carbon steel
pipes. Polymeric materials’ contribution to the design and manufacturing of critical infrastructure has been vital in overcoming historical constraints such as rigidity, weight and corrosion.
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though metals have been vital to the practice of moving fluids
through a conduit, long-term structural integrity challenges, operations limitations and high capital cost have driven interest in
the development and use of alternative non-metallic materials.
Collaboration between supply chains in the 1970s, led to the development of of the first spoolable non-metallic pipe. Although developed
for the O&G sector, its limitations in terms of temperature and pressure led to it being adopted in other industrial sectors such as mining.

The O&G industry has been using pipelines for transportation of
fluids since the 1800s, with the world’s first successful oil pipeline constructed in 1879 by the Tidewater Pipe Company¹. Al-

The National Oil Companies (NOCs) in the Middle East have been
pioneers in accelerating the adoption of the technology in the
O&G industry with a large scale deployment by Petroleum Development Oman (PDO) and Saudi Aramco². The global adoption of
non-metallic solutions as an alternative to metals for critical applications requires dedicated resources, a skilled workforce, stateof-the-art facilities and a strategic long-term focus on the development of novel and highly resilient polymer composite materials.

¹Williamson, Harold F. and Arnold R. Daum. The American Petroleum Industry: The Age of Illumination, 1859-1899. Evanston, IL: Northwestern University Press, 1959.

²MD Anwar Parvez, Abdulaziz Y. Asiri, Adel Badghaish, Abdullah K. Al- Dossary, Abdulelah Al-Mehlisi, Saudi Aramco
datails non-metallic products development in oil, gas, Oil&Gas Journal, 2018.

Adoption of technology is a two-stage process with development
being the precursor to acceptance. The risk of isolation (silos) between the two is high. Hence, any programme of work aimed at
achieving adoption requires a change in mind-set and the participation of the entire supply chain from concept to completion.
The Non-metallic Innovation Centre (NIC) is aiming to realise the
full potential of non-metallic materials for critical applications in the
O&G sector. This foresight review captures the output of a consultation process undertaken by the NIC Technology Advisory Board, with
the major stakeholders representing all parts of the supply chain.
In this foresight review, key focus areas are defined that encompass the lifecycle of non-metallic materials in piping and pipeline applications, from materials development to recycling. There
is a focus on structural integrity which includes new builds and
existing pipeline, with an objective to apply novel, data-centric engineering solutions to assert integrity management.
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The dominant position of metallic alloys in the O&G industry, in
which a range of corrosion resistant alloys are increasingly adopted for the development of new solutions to demanding industrial
applications, is being increasingly challenged by advanced polymeric materials. Due to their chemical nature, polymers and reinforced polymer composites have been employed in various industrial sectors and are the material of choice in many applications
where corrosion and resulting steel degradation is of concern.

0 3
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Introduction

Market estimations suggest that the increase in use of advanced
polymer materials in industrial applications, will lead to the development of cheaper, more productive and competitive manufacturing processes, thus reducing the overall price of the end product.
The O&G industry has adopted polymers for use in pipes for
crude gas and chemicals transfer³. The highly corrosive chemical environment of operation has led to polymeric-based
materials being increasingly adopted as a reliable solution
for many applications. Further potential benefits include
weight reduction in the overall structure, and sustainability.
It is expected that the global O&G industry is set to increase the use
of non-metallic materials in the few coming years, with pipeline
products comprising the majority of the market followed by tanks
and pultruded products, as a result of new technologies, practices
and products that will enter the market in the following decade.
With significant growth potential for non-metallic pipes in the
O&G sector, the non-metallic initiative jointly launched with AramcoTech and TWI, sought the consensus view of key stakeholders in mapping the direction and focus of future developments.
The TAB of the NIC consists of invited representatives from end
³Khlefa A. Esaklul, Jim Mason, 27 - Nonmetallics applications in oil and gas production (pipes, liners, rehabilitations),
Editor(s): A.M. El-Sherik, In Woodhead Publishing Series in Energy, Trends in Oil and Gas Corrosion Research and Technologies, Woodhead Publishing, 2017, Pages 627-660.

users, manufacturers, suppliers, accreditors and academia. At a
meeting on 1 November 2018, the TAB shared their knowledge
and experience in the area of non-metallic pipes. The outputs
from the meeting have been summarised in this report, which will
be used for defining and prioritising recommendations regarding development actions for the industry in this technical area.

sociated

time

frames

in

this

document.

The TAB meeting focused on the three types of pipes
that are expected to dominate the majority of O&G applications in both the upstream and downstream sectors:
• Polymer-lined steel pipes;
• Spoolable thermoplastic composite pipes, encompassing reinforced thermoplastic pipes (RTP) and thermoplastic composite
pipes (TCP);
• Reinforced thermosetting resin (RTR) pipes.
In addition, this report also includes information from the scientific
and commercial literature that helps in defining the current state-ofthe-art, gaps and barriers associated with these products and identifies critical recommendations for improving the operability of existing pipeline systems and developing the needs for future systems.
It is expected that new technologies will be developed to
overcome some of the barriers and gaps identified. Therefore, the recommendations are restricted to a four years horizon from the time of gathering the information and preparing this report. A subsequent review is planned in 2020
time to investigate some of the barriers and gaps in more detail and to see how new technologies have addressed them.
The main gaps and barriers to achieving the industry’s future goals, based on their priorities and as determined at
the TAB meeting, are categorised and summarised with as-
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4 .1 Overview

Historically, polymer-lined steel pipes have been used predominantly for water injection service. Their use for hydrocarbon transfer offers significant potential for capital cost savings⁴. Along with
their current use for hydrocarbon transfer, there has been a rise
in expectations regarding the availability of increasingly versatile and resilient materials. Liners in carbon steel pipe are tight
fitting internal polymer layers. Sometimes they can incorporate
grooves and external or internal vents. Liners provide protection
against chemical degradation and friction between the fluid and
the pipe. They also delay permeation of corrosive gases in the
presence of water that could affect the integrity of the steel pipe.
Carbon steel host pipes lined with thermoplastic polymers have
been used in surface and subsea operations for the transport of
water injection fluids, oil, gas, sewerage and mining slurries for the
past 30 years⁵. In some instances, corroded pipe can be rehabilitated through a lining process⁶. Thermoplastic and composite liners have been used to a limited extent in downhole applications⁷.
However, limitations exist in high temperature, high pressure, and
challenging corrosive conditions. In some cases, polymer lined
steel pipes, have a micro-annulus or grooves between the liner
and the steel pipe where permeated gases may build up and have
deleterious effects due to hydrogen embrittlement or corrosion.
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The main suppliers of polymer lined pipe to operators are Swagelining Ltd, TechnipFMC and United Pipeline Systems. Differences
in their products are in swaging methods (roll in or swage), venting
⁴Atkins Ltd On Behalf of Swagelining Ltd, (2010). ‘Polymer Liners for Pipelines - The Cost and Benefits of Polymer Liners
in Subsea Pipelune Applications’. Report No: 5092013/RP01/Rev3.

(LinerVent™ or external vent), liner terminations, and connector
configurations. Currently, a number of polymers are available for
liner use in O&G applications (such as high density polyethylene
(PE 80/100), Polyethylene-RT, Polyamide 12 (for example: Vestamid®, Evonik), Polyvinylidene fluoride (for example: Solef®, Solvay⁸) and Polyphenylene sulfide (for example: Fortron® Ticona).
The challenges for the general implementation of polymer lined
carbon steel pipe are:
• Wear of the liner and replacement or repair in field locations;
• The effect on the liner of the fluid that contains hydrocarbons
and gas;
• Inspection and integrity assurance, especially of the connectors;
• Annular space environment development when water and
CO2 and/or H2S permeates through the liner and the resultant
steel corrosion;
• Common or standardised approach for the qualification of
these products;
• Impact upon fluid flow or dynamics and pressure drop in pipeline.
One of the specific challenges associated with polymer lining systems is the potential for circumferential collapse or buckling of
the liner. This can occur due to the build-up of gas pressure between the liner and carbon steel pipe. During pipe blow down, the
pressure drop in the bore could cause the liner to collapse as the
trapped gas expands. The critical collapse pressure of the liner after an exposure period depends on Young’s modulus and Poisson’s
ratio, and the liner will not recover after it has yielded. Approaches
to overcome this issue include use of venting systems that have
the ability to vent annular gases back into the transported fluids.
⁵ Brogden, S., Lu, L., Dowe, A., Messina, N., and Robinson, J. (2012). The use of engineering polymers for internal
corrosion protection of hydrocarbon pipelines. Proceedings of MERL Oilfield Engineering with Polymers 2012, October
2012,London.

Alternatively, external venting systems can be used. Reducing gas permeation through the liner will require the development of novel polymeric materials that have improved barrier properties at high temperatures and pressures. Progress on
liner design requires an in-depth understanding of the material behaviour under service conditions. This could be established through real-time monitoring, which would necessitate the development of novel integrated monitoring systems.
⁶Schmitz, J. (2010) Paper No 10073 High Density Polyethylene Liners for High Temperature and Gaseous Applications Corrosion 13th Middle East.
⁷Davis, R.H. (2003) The Versatility of Internal Thermoplastic Tubular Liners in Mitigating Downhole Corrosion and Wear CORROSION 2003, 16-20 March, NACE-03148.
⁸O’Brien, N. (2018) High performance polymers for use in high pressure high temperature (HPHT) steel pipe linings and flexible risers, Oil and Gas Non Metallics-UK.
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4 .2 Gaps & Barriers

Category

Category

S hort term
Currently, models used to describe liners are
based on generic assumptions; (i.e. linear behaviour) which are not representative of in-service behaviour.

M ain Gaps and Barriers
S hort term

Liner M aterials

Limited studies related to the effect of pressure
on the rate of gas permeation (such as H2S and
CO2) and water vapour in liners under service
conditions.

No prediction has been made to include the
effect of host pipe corrosion.
M edium term

Analysis of the effect of key parameters (pressure, temperature and material mechanical resistance) responsible for polymeric liner collapse
still remains at a laboratory research level. No
actual service assessments have been made.
M edium term

Study of the correlation between liner thickness
and the effect of permeation, ageing or any liner
breaching phenomena in general that induce
buckling collapse.
Long term

Thermoplastic hybrid liners (i.e. multi-layer liners) have shown potential but still lack detailed
experimental test, simulation and validation.
Long term
Lack of studies / evaluation of the effects of lower temperature exposure of the liner materials.
Lower temperatures (below the tg temperature
of the polymer material) have a significant effect
on the stress tolerance and the overall mechanical properties of the liner. At these temperatures,
the liners become rigid and prone to crack generation.

16

M ain Gaps and Barriers

D esign
& M odelling

The performance of the liner at the hot plate
fusion area is critical. Standardised methods of
pipeline design are required.
Porosity, mechanical and chemical properties at
connector sections must be assessed, and specifications should be developed accordingly for
on-shore and off-shore projects.
Increased collapse resistance should be addressed and ventilation systems monitored to
track and record annular gases.

0 4 -Polymer-lined S teel Pipes

Category

S tandards

M ain Gaps and Barriers

Category

S hort term

S hort term

Lack of standards associated with effective design, installation and repair.

Inadequacy of monitoring and evaluation of the
mechanical performance of polymeric liners
in-service, while subjected to long-term compression and transverse loading.

Qualifications should be developed to highlight
the effect of permeation on the liner mechanical
properties.
M edium term

Lack of a real time system to monitor the behaviour of the liner in terms of diffusion rate and
thermal properties for in service liners.
M edium term

& Qualifications Need for specialised standards in polymer liner
inspection methods and a non-metallic engineering critical assessment (ECA) that will define
and establish a flaw acceptance range.
Long term
Standards to include effective lifetime prediction
for liners.
S hort term
Installation methods for free standing pipe-inpipe liners should be reviewed.

Transportation
& Installation

M ain Gaps and Barriers

High attenuation of the inspection signal (example: ultrasound) reaching the liner.
Long term
Inspection
& M onitoring

Lack of methodology to assess ageing and degradation of the liner material.
A thorough understanding of the effects of ageing on crack initiation and propagation.

Challenges of slip lining (insertion of spoolable
pipe within a conduit pipe) vs horizontal directional drilling should be addressed.
M edium term
Clear restriction on bends and tees.
Long term
Effective bend radius during installation should
be established.

17
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Category

M ain Gaps and Barriers

Category

S hort term

S hort term

Lack of detail regarding the influence of permeation rate on the detachment and deformation
of the liner during depressurisation.

The association between the liner surface metrology and oil consumption, wear and friction is
still poorly investigated for in-service pipes.

Absence of validated life-time prediction models.

Pressure effects on rate of permeation and collapse of liner layer.
M edium term

Lack of integrity management programmes to
assess and address failure modes.
M edium term

Operations

Need to accommodate fluid composition changes over time.
Long term

Debonding may arise in multilayer liners.

Integrity
M anagement

Poor ageing and degradation control over the
liner material.
Long term

Permeation of gases diluted in the transferable
fluids should be monitored, as well as the proper
operation of pipe ventilation systems.
S hort term

Application of effective real time monitoring is
essential.

Challenges to repair the liner material in-service.
M edium term

M aintenance &
Repair

18

M ain Gaps and Barriers

Lack of addressing of maintenance issues early
might lead to irreversible damage and grave
financial loss.
Long term
Slow Crack Growth (SCG) due to extended material ageing and the accumulation and merging
of small cracks. This leads to sudden, large-scale
pipe collapse.

Category

M ain Gaps and Barriers
S hort term
The reuse or recycling of the material depends
on its nature and the type of chemical degradation and ageing outcome.
M edium term

Reuse
& Recycle

The drafting of recycling and waste management guidelines would help with the more efficient exploitation of aged/ replaced pipes.
Long term
Lack of recycling methods would lead to expensive waste management under strict regulations.
S hort term
Market fluctuation due to the installation cost
of the lined products. This influences the profit
margin for the contractors.

M arket

High material cost especially for high temperature applications (e.g, PVDF).
Production capacities of certain engineering
polymers could pose a challenge in case of a
wider deployment.

19
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5 .1 Overview

to refer to this generic type of pipe throughout this report. The
different individual pipe types will be referred to separately as TCP,
RTP and S-GRE where the distinction is considered important.

Spoolable composite pipes (SCPs) usually comprise three components: an inner thermoplastic liner, a structural (reinforcement) composite layer and an outer thermoplastic cover. The
reinforcement layer is a composite laminate composed of several reinforcement layers within a polymer matrix (e.g. thermoplastic or thermosetting resin) usually oriented at a certain angle (e.g. +/- 55 degrees) to fully utilise the reinforcement
capacity of the layers in both the axial and hoop direction⁹.
SCPs can be divided into three categories based on the definitions
provided within API 15S: thermoplastic composite pipes (TCP),
reinforced thermoplastic pipes (RTP) and spoolable glass reinforced epoxy pipes (S-GRE). Spoolable composite pipes have the
advantage of spoolability compared to reinforced thermoset resin
(RTR) pipes, which in-turn leads to a reduction in costs associated with the transportation and installation for these products. The
main difference between the three pipe types is related to how
the individual layers are placed within the structure. In TCPs, the
three layers are fully welded/bonded and, within the reinforcement layer, each individual fibre is in contact with the matrix.

22

In RTPs on the other hand, the three layers can be fully bonded,
semi-bonded or unbonded. S-GREs are normally semi-bonded and
the reinforcement layer is chemically bonded to the inner liner
but can move independently from the outer sheath. In addition, in
RTPs and S-GREs, the structural composite layer consists of fibre
bundles reinforcing the matrix instead of individual fibres, which
are used in TCPs. The term spoolable composite pipes will be used
⁹Yu, K., Morozov, E.V., Ashraf, M.A. and Shankar, K., (2017). A review of the design and analysis of reinforced thermoplastic pipes for offshore applications. Journal of Reinforced Plastics and Composites, 36(20), pp.1514-1530.

Photo courtesy from Baker Hughes, a GE company.
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Current State of
Te
T
echnology

Pipe M aterial and Connections

The internal liners in SCPs are designed to provide a chemical barrier to protect the structural composite layer from the transported
fluids, while the external cover provides protection against external damage. The common thermoplastic materials used for liners in
spoolable composite pipes are high density polyethylene (HDPE),
cross-linked polyethylene (PEX), polyamide (PA) and polyvinylidene
fluoride (PVDF)⁹. The outer sheath is commonly made of carbon black
filled HDPE , which has high resistance when exposed to ultraviolet
irradiation in service conditions due to the presence of carbon black.
The reinforcement layer is the principal load-bearing component
of spoolable composite pipes. Different reinforcement types can
be used, such as metallic and non-metallic fibre reinforcements.
Within this report, the focus will be on non-metallic fibre reinforcements. Aramid fibres are used in many manufacturing approaches. Glass fibres, including A-glass, E-glass (the main grade used
by all manufacturers), C-glass and D-glass are considered being
relatively low-cost materials with a good balance of mechanical
and chemical resistance. On the other hand, carbon fibres have
superior mechanical, thermal (low coefficient of thermal expansion) and chemical resistance properties compared with glass fibres, but come at a much higher cost 10. Glass fibres exhibit good
temperature and chemical resistance, high tensile strength and
low moisture absorption. An important limitation of E-glass fi10

Bai, Q., Bai, Y. and Ruan, W., (2017). Flexible Pipes: Advances in Pipes and Pipelines. John Wiley & Sons.
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bres compared to carbon fibres is their long- term ageing properties, specifically when exposed to water and acidic environments. E-Glass tends to lose strength over time when in contact
with water and hydrocarbons. In comparison, carbon fibres have
an almost flat regression curve. The current trend in RTP/TCP is
towards adoption of carbon fibre (even for volume applications e.g. in onshore applications). The better performance, as well as
the cost trend (dropping each year) ,will make CF more economical for large scale deployment TCP/RTP in the few coming years.
Joining of spoolable composite pipes is achieved using two different types of connectors: (a) in-line connectors and (b) end fittings.
Most commercially available connectors are made from corrosion-resistant metal alloys (CRA) such as stainless steel and duplex
or nickel alloys. Joining takes place through mechanical fastening
of the connector to the pipe. The selection of the material for the
connector depends on the service requirements and can include
the use of an internal coating 11. Thermoplastic composite in-line
connectors are also available and utilise electrofusion joining technology to provide a fully welded joint between two pipe ends.

24

Joining of spoolable composite pipes to above-ground piping relies
on the installation of metallic end fittings to provide a flange transition at the pipeline endpoints 10. During the operation of these
pipes, the gas that has permeated through the inner liner can accumulate either between the reinforcement layer and the outer
sheath or between the inner liner and the reinforcement layer.
Some RTP pipes utilise a vent port at the end of the pipe section,
where the metallic end fitting is, to allow any permeated gas to
be vented out and avoid accumulation. Manufacturers specify the
design and location of vents to suit their piping materials and systems, and the intended use of the pipe. If the pipe is used in sour
11
Wang, S., Yao, L. and Meng, X., (2018). Bending mechanical behaviour analysis of glass-fiber reinforced thermoplastic
pipe based on a nonlinear solid element model. Journal of Marine Science and Technology, 26(4), pp.575-586.
CAPP, (2017). Use of Reinforced Composite Pipe (Non-Metallic Pipelines).

12

service, attention is paid to the location of venting points, venting
procedures and the possible use of a chemical scavenger to scrub
vent gas. In cases where internal corrosion is a concern, additional protective coatings or use of CRA couplers are considered 12.
When these products are intended to be used for sour hydrocarbon service, the liner material permeation properties need to
be reconsidered by the manufacturer or a barrier layer between
the inner liner and the reinforcement layer should be included.

5.2.2

Design and Modelling

The design of spoolable composite pipes mainly covers resistance to pressure, temperature and fluid composition, such as
hydrocarbons (H 2S and CO 2). Global loads include pressure,
functional, environmental and accidental loads. These are converted to local loads such as pressure, axial, bending, and torsion. For unbonded RTPs, vacuum loads are also included.
The mechanical design properties considered for spoolable composite pipes are bending stiffness, burst pressure, collapse pressure, installation bend radius (IBR), operating bend radius (OBR),
short-term collapse pressure, storage bend radius (SBR) and
minimum bend radius (MBR). The bending stiffness is temperature dependant, therefore, it increases as temperature drops
and decreases with deploy-time. The design should ensure that
the reinforcement layer sustains the pipe lifetime integrity under the defined service conditions. Depending on the pipe type,
materials and diameter, different pressure ratings are available.
Currently, the manufacturer provides the pipe specifications,
in the form of short-term and long-term load-bearing test data,
temperature limitations, fluid compatibility details and ageing

characteristics. The design philosophy for spoolable composite
pipes follows the limit state design (LSD), which is based on the
limitations of the service conditions to ensure safe operation. The
failed state is considered once the defined limit state is exceeded.
Connectors of spoolable composite pipes must ensure that the coupled end of the pipe has at least the same structural integrity as the
rest of the pipe. The installed connector should match or exceed the
full design ratings of the pipe and, in particular, the maximum load to
which the pipe will be exposed under normal operating conditions.
Current modelling techniques depend on the input assumptions and availability of material properties. Finite element
analysis (FEA) can be employed to model the pipe in order
to predict its anticipated behaviour under load combinations
such as internal pressure, external pressure, tension, bending and any combination of these loadings. A similar approach
has been utilised by DNV GL-ST-F119 for predictive modelling and design of products for a specific service condition.

5.2.3

Standards and Qualifications

API 15S is a standard that provides guidelines for manufacturing, qualification and application of spoolable composite pipes
intended to be used for transport of multi-phase fluids, hydrocarbon gases, hydrocarbon liquids and water. The standard contains guidelines on material selection, product qualification,
and pressure rating. Quality control tests, hydrostatic tests, dimensions, material properties, physical properties, and minimum performance requirements are included. The qualification
test programme given in API 15S was initially designed around
non-metallic reinforcements, exhibiting time-dependent mechanical properties characterised by regression analysis (ASTM
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D2992), and metallic reinforcements were excluded. However,
this was revised to include qualification, manufacturing and application requirements for spoolable pipes with steel strip or wire
reinforcement, and a revised version was issued in 2016 10. API 15S
is confined to pipe and end fittings or couplers and does not relate to other system components. Where other system components (elbows, tees, valves, etc.) are of conventional construction, they will be governed by applicable codes and practices.
The API 15S standard covers pipe systems where the pressure and thermal loading is static or cyclic, with loads resulting from typical installation methods. It does not cover systems
that are subjected to other types of static or dynamic loads.
Furthermore, DNV, NORSOK, ASME and NACE cover supplementary standards for the definition of hydrodynamic loads,
sour service qualification and integrity management. DNVGL-ST-F119 describes requirements for TCPs for offshore applications. This standard is intended to build trust and confidence
in the use of TCPs for safe and reliable use in offshore service.
Furthermore, it has the objective of promoting continued innovation and technology development. In order to achieve this,
the standard describes how TCPs can meet the technical provisions and documentation requirements of DNVGL-ST-C501, and
thus achieve the prescribed minimum safety level. This standard provides the design philosophy and requirements for specification of loads and global analysis valid for TCPs. It applies to
all newly-built TCP systems and may be applied to the modification, operation and upgrading of existing pipelines and risers13.
A combination of calculations and testing is typically used within this standard for the design of new products. The calculations
DNVGL-ST-F119, 2017. Thermoplastic composite pipes.

13
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are mainly based on structural analysis, and extensive testing is
required to obtain all material parameters that will be used as input data for the analysis. Following the material testing stage,
the agreement between calculations based on fundamental material parameters and medium scale tests is assessed to check the
validity of the models produced. This approach helps to reduce
the qualification costs by reducing the number of full scale tests.
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5.2.4

Transportation and Installation

An important benefit associated with spoolable composite pipes is
their suitability for transportation on large shipping reels that are
carried on trailers on the road, or on boats for offshore use. After arriving at the construction site, the pipe reel is unloaded, and the pipe
kept on the shipping reels until installation begins. Prior to shipment,
inspection checks are carried out to ensure, for example, effective
securing of the pipe reels to the trailer, to prevent pipe damage.
During winter construction, heating of the pipe reel may be necessary prior to unreeling. Thermoplastic materials are very sensitive
to temperature and, in cold weather, become stiff and less ductile.
The heating procedure should be carried out carefully and in accordance with the manufacturer’s guidelines. Uneven heating may lead
to significant variations in the pipe stiffness and pipe kinking damage can occur during unreeling. Care should be taken in order not to
overheat the pipe above its specified temperature limit14. When installing spoolable composite pipes, either plough-in or open trench
construction installation methods may be utilised. To help determine which method to use, discussions with the pipe manufacturer
and experienced local installation contractors should take place.

5.2.5

Other inspection technologies include:
• Ultrasonic inspection: Non-destructive inspection systems
based on ultrasonic waves can be considered for inspection
of spoolable composite pipes. The testing range is significantly reduced compared to metallic pipes because of the high
signal attenuation arising from damping associated with the
fibre reinforcement in the composite laminate as well as porosity in the matrix. Therefore, ultrasonic inspection of the
inner liner could be challenging if the inspection is carried
outside the pipe. Also, it is important to avoid frequencies at
which resonance occurs between ply interfaces within RTPs.
•

Acoustography is an image process where the sensor is employed to convert to convert ultrasound to an image in
real time. Acoustography can detect voids, delamination,
cracks, impact damage, and sub-surface inclusions. It offers the ability to scan from one side in field measurements
(i.e. the accessible side of the structure is the top surface
of the pipe) with better resolution than typical conventional ultrasound C-scans. However, it cannot obtain information on the depth of features detected in the specimen.

•

Guided waves: Guided ultrasonic wave methods may offer the possibility of general inspection with fast scanning and monitoring possibilities. However, the sig-

Inspection and Monitoring

The most significant damage mechanisms in SCPs are related to
delamination, impact damage, matrix cracking (due to overstress)
leading to weepage (leakage), environmental ingress, polymer
swelling, thermal damage, loss of thickness (due to erosion or severe chemical attack) and blistering (due to water exposure). These
damage mechanisms may lead to fibre failure, yielding (of the
Yu, K., Morozov, E.V., Ashraf, M.A. and Shankar, K., (2017). A review of the design and analysis of reinforced thermoplastic pipes for offshore applications. Journal of Reinforced Plastics and Composites, 36(20), pp.1514-1530.
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polymer), ultimate failure, elastic buckling, large displacements,
distortions, stress rupture, fatigue, wear and chemical decomposition 15. Careful visual inspection can reveal defects that threaten the
integrity of the pipe. Optical aids are used to improve the probability of detection. However, a visual inspection will miss any sub-surface flaws that do not cause surface disturbances or anomalies.

15
Alig, I., Bargmann, M., Oehler, H., Lellinger, D., Wanner, M. and Koch, D., (2010). Investigation of delamination mechanisms in polymer coatings by scanning acoustic microscopy. Journal of Physics D: Applied Physics, 44(3), p.034009.
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nificantly higher attenuation in plastics compared
to metals will greatly restrict the inspection length.
• Radiography:
Radiographic
inspection
only
detects cracks that are close to parallel to the radiation
beam. Delamination perpendicular to the beam is almost impossible to find with conventional radiography.
•

Acoustic emission: Acoustic emission can monitor the whole
pipe with only a few transducers. However, it is not capable of detecting flaws unless they are progressing, and the
sensitivity is adversely affected by ambient plant noise.

•

Thermography: Thermography is often used in composite applications where radiography or ultrasonic inspection produces
results that are difficult to interpret. It can be used in applications in which access from one side only is possible. Thermography is one of the most expensive techniques to use.

5.2.6

28

Integrity Management

Following construction, the pipeline must be pressure tested
to verify overall integrity, joint integrity and quality. Pneumatic leak testing is not recommended due to safety concerns related to a high potential energy involved, and the associated harm
that may result from a joint failure16. The methodology for prioritising inspections and risk ranking must be applied differently to
that used for steel pipelines. For baseline information, general
awareness of causes of failure and contributing factors based on
industry failure statistics are needed. Knowledge of general failure mechanisms experienced can be used and local area operating
history can be incorporated into integrity management planning.
16
10

API 510, (2006). Pressure vessel inspection code: in-service inspection, rating, repair, and alteration.
Bai, Q., Bai, Y. and Ruan, W., (2017). Flexible Pipes: Advances in Pipes and Pipelines. John Wiley & Sons.

Spoolable composite pipes, due to their flexibility, are generally less prone to mechanical damage than Reinforced Thermoset Resin pipes. However, they may be prone to impact or damage at connectors where stresses are often highly intensified.
In addition, where steel pipe segments for couplers are present, corrosion of the steel pipe sections must be considered.
In terms of temperature, the margin between the pipe maximum
temperature rating and the actual operating temperature of the pipe
in service should always be considered. A larger margin would tend
to reduce the risk of premature pipe degradation for the same pipe
in a given set of service conditions. The presence of routinely occurring pressure fluctuations in a pipeline system can lead to premature pipe degradation through fatigue related failure mechanisms.
Operation with such fluctuations should be reviewed with the pipe
manufacturer as the effect on the pipe’s integrity may vary based on
the particular pipe involved and the overall severity of the pressure
cycles (amplitude and frequency). Remaining life assessments can
involve burst testing adjacent pipe samples in coordination with
failure analysis of the individual fibre layers. Consideration can be
given to the adoption of additional service factors beyond that of the
maximum pressure rating of the pipe after a failure has occurred10.

5.2.7

Operations

Operation and maintenance personnel should ensure the pipeline is operating within its design limits. To increase awareness, field signage can be used to highlight the locations of
spoolable composite pipelines. Instruments such as pressure
or temperature sensors are not normally installed or mounted directly on non-metallic pipe, but are incorporated into steel
piping or wellhead facilities located at the ends of the pipelines.

Photo courtesy from Airborne Oil & Gas.
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5 .2.8

M aintenance and Repair

turing, and then melted to make the new product by extrusion12.

Spoolable composite pipeline repairs normally involve cutting out
a section of a pipe, as all the damaged area should be removed.
Once the damaged length has been removed, pipe couplers can
be installed on each cut end and the new pipe repair section is
installed into the couplers. The repair couplers of each spoolable
composite pipe product are unique and cannot be interchanged between different pipe products or pipe of different pressure ratings.
Damaged pipe layers may have been exposed to
line service fluid with some ingress into the adjacent
In such instances, additional pipe may need to be cut
to ensure full removal of the service fluid affected

5 .2.9

5 .3

pipepipe.
back
area.

Reuse and Recycle

The reuse of spoolable composite pipes is limited, especially after degradation and damage. Most operators prefer to recycle damaged pipes rather than to reuse them due
to the lack of appropriate lifetime estimation methodologies.

3 0

Recycling and incineration are the usual recovery methods for
thermoplastic composite pipes. Recycling presents advantages
such as a reduction in environmental problems and savings of both
materials and energy17. The primary recycling process refers to the
reuse of recycled products in their original structure; the disadvantage of this is a limit on the number of times each material can
be recycled. Secondary or mechanical recycling is a process where
the plastic waste is formed by cutting, shredding or washing it into
granulates, flakes or pellets of appropriate quality for manufacGrigore, M., (2017). Methods of recycling, properties and applications of recycled thermoplastic polymers. Recycling,
2(4), p.24.
CAPP, (2017). Use of Reinforced Composite Pipe (Non-Metallic Pipelines).
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Photo courtesy from SoluForce.
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Category

M ain Gaps and Barriers

Category

M ain Gaps and Barriers

Short term

Short term

Fluid composition determines metal alloy requirement for the joint.
CRA is expensive.

Higher pressures and larger diameters lead to increased thickness
of the fibre reinforced composite layer, resulting in challenges for
pipe bending and flexibility.

Dynamic instability due to low weight materials for offshore applications.

Optimisation between required pipe design diameter and storage
reeling diameter.

High performance materials such as those that can operate at higher service temperature have higher associated cost.

Challenges in defining exact material properties for modelling,
especially in an aged state relevant to the field application.

Ageing of polymer materials. HDPE mechanical properties (modulus of elasticity and tensile strength) are highly affected by the
absorption of hydrocarbons.

Current modelling techniques in FEA are considered conservative
relative to field performance.

M edium term

M edium term

Lack of effective vacuum control on the pipe especially RTP. This is
essential to prevent collapse.

Accurate contact surface modelling is required in FEA, especially
for RTP where layer sliding should not be restricted.

Development of cost effective TCP connectors and fittings for
onshore applications.
Pipe M aterials

Insufficiently reliable permeating barriers.

& Connections

Application limitations in terms of H2S and CO2 content in the
conveyed fluid and the use for high pressure gas service.
High performance materials in terms of temperature, fluid compatibility and barrier properties are often associated with higher cost.
During manufacturing of unidimensional fibre-reinforced tapes,
the high viscosity of the molten polymer matrix leads to difficult
impregnation of the fibre bundle.
Long term
Lack of development of renewable reinforcement fibres such as flax
fibres.
Need for advanced research on biodegradable/green polymers and
their compatibility with oil and gas environment applications.

D esign
& M odelling

Necessity of robust modelling with transparent approaches and
fewer assumptions.
Absence of guidance or recommended practice on modelling
assumptions and approach, which subjects FEA results to challenge
by industry experts.
Need for the industry to review current safety and knock down
factors used at the design stage (considered being very conservative) with support from extensive field experience and reliable
laboratory data.
Long term
Inadequacy of well-established correlation between theory and
operational behaviour.
The LSD of pipes is always used based on the limiting conditions,
which results in an over-designed structure.
Fundamental, non-linear design and analysis using FEA.

3 1

0 5 -Spoolable Composite Pipes

Category

M ain Gaps and Barriers

Category

Short term

Short term

Operators to revise their specifications (especially design temperatures), originally developed for steel pipes, which could prevent the
deployment of already available technologies and could reduce/
eliminate the need for some higher temperature products.

Lack of established QA and QC procedures related to pipe installation and joint assessment. For example, lack of effective control
over-torque in the pipe during installation. This is essential to limit
the damage associated with this phenomenon.

Long period testing is required for qualification.

Thermoplastic materials are very sensitive to temperature which
causes difficulties in transportation and installation in harsh environments.

Lack of well-established standards. Minimum performance requirements are included in current standards.

Higher probability of installation deficiencies than steel pipe. Poor
soil support, inappropriate anchoring, improper back-filling practices, etc.

API 15 S and 17J focus more on design rather than operations and
service damage, i.e. fatigue, chemical degradation, permeation,
etc.

M edium term

M edium term

Need for excessive precautions when providing pipe support for
contraction and expansion under operational loads.

API 15S to adopt a pyramidal approach (similar to DNV) and reduce
the number of full-scale tests required for qualification.
Standards
& Qualifications

API 15S covers pipe systems with only static or cyclic loading. It
does not include hydrodynamic loads, sour service and integrity
management.
Regression curves produced from specific products, as claimed by
the manufacturer, tend to be flat, which demonstrates no significant change in the structural performance of the pipe, and do not
accurately reflect the in-field structural behaviour. This could be as
a result of using water as testing fluid, which is very different to the
service fluids being used.
Conservative safety factor is considered in all qualifications.
Long term
Limited operational window qualification covered by the current
standards, with limited opportunity to extend to products beyond
the covered range.
Descriptive technical approaches are not enforced, which limits the
opportunity to find cost-effective solutions.

3 2

M ain Gaps and Barriers

Transportation
& Installation

Limited assessment of vent ports and procedures in RTP pipes.
Limited inspection specifications related to the transportation of
thermoplastic spoolable pipes.
Installation procedures are often manufacturer/product specific. No
universal standard to cover the installation of SCP in general.
Long term
There is a need for a clear control over storage period, environment
and temperature.
Lack of records for qualifying personnel when it comes to installing
and joining of SCPs.
Limited presence of manufacturer representatives during installation.
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Category

M ain Gaps and Barriers

Category

Short term

Absence of inspection and monitoring approaches adapted to
different pipe layers and connections.

Spoolable composite pipes are more vulnerable to mechanical
damage due to excessive soil induced stresses.

Absence of well identified failure modes and their effect on pipes
and joint operations.

Efficient control of the margin between the pipe maximum
temperature rating and the actual operating temperature of the
pipeline to avoid premature degradation.

Need for non-contact approaches for underground pipeline inspection.

Lack of lifetime prediction and assessment analysis.
M edium term

Ultrasonic detection approaches suffer from high attenuation in
composite materials.

After cyclic service, it is difficult to determine the pipe remaining
life. It requires a combination of NDT and risk analysis with the possibility of burst testing. Pipe cut-outs are required for burst testing
to define the existing pipe properties.

M edium term
Resonance occurs between ply interfaces in the case of RTP pipes.
Need for effective and practical global and local methods.

Need to develop a non-destructive methodology for lifetime assessment/extension of in-service pipes.

Long term
Inspection
& M onitoring

M ain Gaps and Barriers

Short term

Development of cost effective NDT methods with minimum sensitivity to in-service noise.
Implementation of NDT methods independent of pipeline boundary conditions.
Lack of available damage data records for different operational
conditions.

Integrity
M anagement

Consultation on pigging usage to select the correct procedures,
such as pig geometry and durometer hardness, to maintain the
integrity of the liner.
Long term
Development of an integrity management platform that enhances
the communication between operators and manufacturers.
Lack of efficient predictive damage modelling of the spoolable
composite pipes.
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Category

M ain Gaps and Barriers

Category

Short term

Short term

Lack of feedback from operators for a better understanding of infield structural behaviour.

Lack of confidence in reusing repaired or damaged pipes.
Inadequacy of recycling of pipes due to the high cost involved in the
procedure.

Optimisation of venting strategy and locations for onshore RTP and
high sensitivity to pressure cycles. This leads to the fact that the
initial design pressure is de-rated by the cyclic pressure factor.

Most recycling approaches are based on those associated with
polymers rather than with composites.

M edium term
Operations

Optimising and monitoring of pulsation dampeners.
Lack of effective control to keep the pipe within operational limitations.

M edium term
Reuse
& Recycle

Long term

Long term
Opposition to landfill (the cheapest disposal route) is expected to
increase over the coming years.

Lack of communication between operators and manufacturers
regarding reviewing and discussing high-cyclic effect on the actual
pipe used in service.

Lack of communication between manufacturers, operators and
environmental legislation.

Short term

Short term

High performance repair couplers are required to prevent damage
at the new connection.

High cost of spoolable composite pipes especially fully bonded
systems (TCP).

Damage thresholds are not well defined.

High temperature rating products (200F+) are mostly required
in the Middle East region. Need to localise the production of raw
materials and pipes to meet the expected customer requirements
(volume and cost).

Lack of best practices and standards on repair methodologies and
procedures.
Current underwater repair techniques are very expensive.

& Repair

M edium term
Hydro-vacuum excavation is commonly used but causes damage to
the pipeline via erosion.
Most current repair procedures require operational shutdown.
Long term
Lack of use of self-healing materials technology in spoolable composite pipes.

3 4

Need to adopt other industries’ technologies and innovative solutions to enhance the maintenance of pipes with the optimum cost.

Primary recycling approach represents the existence of a limit on
the number of cycles of each layer of material to be used in the
original structure.
Recycling limit due to the layered construction of SCPs. TCP pipes
create another limitation due to their layer bonding.

Effective solutions to replace damaged pipe without affecting the
service pipelines.

M aintenance

M ain Gaps and Barriers

M edium term
M arket

Manufacturing and environmental requirements should be adapted
per designated country.
Multiple spoolable composite pipe industry is fragmented and
backward compatibility might be an issue.
Long term
International trading including restrictions and taxation.

35

3 6

0 6
Reinforced Thermoset Resin Pipes

3 7

0 6-Reinforced Thermoset Resin Pipes

6.1 Overview

Reinforced Thermoset Resin (RTR) pipes comprise a combination
of fibre reinforcement (commonly glass) and thermosetting material used as a matrix (commonly polyester, vinylester or epoxy).
Depending on the desired final mechanical properties of the
pipe, the thermoset material, fibre reinforcement (material and
orientation) and curing cycle time may differ. In the context of
this foresight review, the term RTR is used as a generic term to
refer to thermoset resin-based composite pipes such as Glass Fibre Reinforced Polyester or Plastic (GRP), Fibre Glass Reinforced
Polymer (FGRP), Glass Fibre Reinforced Epoxy (GRE), Glass Fibre Reinforced Vinyl Ester (GRV), Reinforced Plastic (or Polymer)
Mortar Pipe (RPMP), and Carbon Fibre Reinforced Plastic (CFRP).

3 8
Photo courtesy from Future Pipe Industries.

6.2
6.2.1

Current S tate of
Te
T
echnology

Pipe M aterials

RTR pipes can be used for all types of fluids in varied applications,
from disposable water in utility systems to sour hydrocarbons in O&G
service. RTR pipes can be utilised in over ground and underground
buried systems. The following table summarises the application environment where the current thermosetting based pipes are used.
Type of Pipe

M ain Application

Location

GRE

O&G flowlines

Underground application.

Chemical and petro-chemiGRV and GRE cal industry, industrial waste
applications.

GRP

GRV and GRP

Water transmission and distribution systems, fire protection
networks, sewerage drainage
systems, irrigation systems.
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The typical layer structure of RTR pipes consists of full bonded layers:
the envelope, middle layer (structural layer) and an inner layer (liner).
The outer layer is the envelope of the pipe; a thin layer comprising
resin acting as external protection, with no reinforcement included.
The liner is a resin-rich barrier layer which protects the structure of
the pipe against direct contact with the internal fluid. Different types
of resins are used as a matrix in RTR pipes depending on the service
requirements, such as epoxy vinyl ester and isophthalic polyester.
The middle layer between the liner and the envelope of the
pipe is a structural layer. The main function of this is to provide mechanical support for the pipe and accommodate applied loading. The configuration of the structural layer varies
depending on the application of the pipe, the required operating conditions and the manufacturing process. For example, the
structural layer of GRP pipes comprises chopped fibre reinforced
polyester, while the FGRP version produced by filament winding consists of continuous wound fibres. In RPMP buried pipes,
the structural layer contains a resin impregnated sand layer.

Aboveground application.

Mainly underground
application.

Power stations and desalina- Aboveground and undertion plants.
ground application.
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6.2.1

Pipe Material and Connections

Standards and Qualifications

The manufacturing process of RTR pipes includes several methods such as centrifugal casting (CF), filament winding (FW), pull extrusion process, and resin transfer moulding (RTM). However, almost all the RTR pipes used in
the O&G industry are made by filament winding process.

API 15HR and ISO14692 are the most widely
cepted standards in the O&G industry. A
the main industry standards and guidelines
sign and qualify RTR pipes are listed in the

6.2.3

The hydrostatic design basis (HDB) for RTR pipes can be evaluated
using the standard practice described in ASTM D 2992. The standard procedure comprises exposing the pipe, at a certain temperature, to different pressures at a cycling rate of 25 cycles/min. The
long-term ring-bending strain of the RTR pipes can be obtained
using the procedures described in ASTM D 5365. The methods involve submerging a pipe ring sample in fluid in a controlled environment and subjecting the sample to constant load to induce deflections in the pipe. The ring strain is monitored throughout testing.

Design and Modelling

Piping codes, such as ISO 14692-1, provide guidelines for the design,
fabrication, material and testing of pipes. RTR pipes can be designed
and qualified by considering the guidelines summarised as follows:
•
•
•
•

Define specification and requirements of the pipe system
Design and calculation of the key product parameters
Production process development and optimisation
Qualification of the produced pipe systems

For reliable pipe system, accurate and comprehensive modelling and simulation in design and operational assessment of
RTR pipes are fundamental to ensure the flow of the liquid and
avoid damage to downstream equipment. There are several
factors considered in the design of RTR pipes, such as the pressure, service temperature, installation environment, chemistry of the transported fluids through the pipe and its effect on
the liner. The correlation between these variables through simulation is necessary to predict the behaviour of the pipe and
can only be estimated through modelling of the pipe system.

40

6.2.4

used and acsummary of
used to detable below.

Hydraulic failure pressures of RTR pipes are determined by continuously increasing the internal hydraulic-pressure in a controlled environment. The method used to obtain the hydraulic pressure must
comply with the standard procedure described in ASTM D 1599.
The standard test method to determine the chemical resistance of
RTR pipes comprises exposing the pipe to a corrosive solution while
maintaining the pipe at a defined strain level. The time to failure
for different strain levels is measured. The long-term chemical resistance of the pipe is obtained by extrapolation of the regression
line. The qualification standard ASTM D 3681 describes the detailed
procedure for determining the chemical resistance of RTR pipes.
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Standard

Description

API 15HR
API 15LR (low
pressure)

High-pressure Fiberglass Line Pipe

ISO 14692

Main component of GRP pipe system

ASTM D3262

BS EN 14364

Plastics Piping Systems for Drainage and Sewerage With or Without Pressure – Fiber-Reinforced
Thermosetting Plastics (FRP) Based on Unsaturated Polyester Resin (UP) – Specifications for Pipes,
Fittings and Joints.

ISO 2084

Pipeline Flanges for General Use

ISO 10639

Plastics piping systems for pressure and non-pressure water supply. Glass-reinforced thermosetting
plastics (GRP) systems based on unsaturated polyester (UP) resin

Fiberglass Gravity Sewer Pipe

ASTM D3517

Fiberglass Pressure Pipe

ASTM D3754

Fiberglass Pressure Sewer and Industrial Pressure
Pipe

AWWA C950-07

Fiberglass Pressure Pipe

AWWA M 45

Fiberglass Pipe Design Manual

DIN 16868

(German) Glass Fibre-reinforced Polyester Resin
Pipes

BS 5480,

(British) Pipes and Fittings for Water and Sewage

ISO 7370

Glass Fibre Reinforced Thermosetting Plastics
(GRP) Pipes and Fittings

BS EN 1796

Plastics Piping Systems for Water Supply With or
Without Pressure – Fiber-Reinforced Thermosetting Plastics (FRP) Based on Unsaturated Polyester
Resin (UP).

6.2.5

Transportation and Installation

RTR pipes are transported on flatbed trailers using wooden supports
(dunnage) or cradles. positioned below and between the pipes for
support, separation and to maintain stability during transportation.
In the case of above ground installation, pipe cradle spacing
with associated support and couplings are designed based on
the pipe size, weight and stiffness. In the case of buried pipes,
the installation requirements vary depending on the pipe stiffness, soil properties and depth. Care must be taken during installation to haunch, pipe-bed and backfill (material gradation
and associated support must be prepared preventing any voids).
RTP pipes may be connected using different approaches. Flanged
joints allow easy assembling/disassembling of pipes. Butt and
warp joints are applied for RTR piped with a diameter over 300
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mm. Although the rubber seal joint uses a locked mechanism, it
allows for slight axial movement and angular deflection. In addition, adhesive joint is used by applying epoxy resin and hardener between the socket and spigot ends. Threaded joints may
also be used to join RTR pipes. However, special considerations should be taken to ensure the quality of the connection.

6.2.6

Integrity Management

Fatigue is a major damage mechanism in RTR pipes and will occur if the pipe is subjected to high cyclic loading beyond the material’s allowable stress limits. Different modes of failure are associated with the reinforcement layer, depending on the type of
loading (biaxial or uniaxial). In the case of a closed-end situation,
a non-linear stress-strain response is detected by resin cracking
and debonding of fibre-resin at high loading rates. In the case of
biaxial loading, weepage is associated with transverse cracking of
the resin and resin-matrix interface at 20% of the burst pressure16.
Other
damage
mechanisms
include
impact
damage, environmental ingress, thermal damage and loss
of thickness due to erosion or severe chemical attack.

6.2.7

42

Inspection and Monitoring

Currently, visual inspection and hydrotesting are currently the
two main techniques used for RTR inspection/monitoring in the
O&G industry. The following table summarises the main advantages and limitations for each inspection/monitoring technique.
16

Hull, D., Legg, M.J. and Spencer, B., 1978. Failure of Glass/Polyester Filament Wound Pipe, Composites.

Method
Visual
inspection

Advantages

Limitations

- Basic type of NDT
- Limited to surface and
- Low cost, affordable
visible damage only
- Quick approach
- Quantification is difficult
-Needs no equipment - Depends on operator skills.

-Easy to set-up (usually to
- Damage could develop
1.5*design pressure)
during the hydrotesting
-Used post-installation
itself
Hydrotesting
but also to check the
- Difficulty to quantify the
integrity of pipe sections
exact location/type of damon regular basis (every 3
age
to 5 years)

Ultrasonic
testing

-Difficult to set-up
-Crack location, size, and
-Not appropriate to RTR
orientation are obtained
pipes due to the high level of
-Speedy scan with good
porosity in the matrix (signal
resolution
attenuation)

- Characterisation of defect
types other than delamina- Easy to detect defects
tion is difficult
Shearography - Low noise susceptibility
- Other NDT testing must be
testing
- Less skilled users can
used with shearography for
easily use this test
proper evaluation of defects.
-Cannot pick up deep de- Useful for surface and
fects
near surface defects
- Highly skilled personnel
- Easy to apply on large
Thermography
are required to operate the
surfaces
equipment
- Does not require direct
-Limited to above ground
contact with the pipe.
pipes

- Commonly used to
detect voids, cracks, non- - Orientation of the fibre
uniform fibre distribution,
may affect the test
Radiography
and delaminations in air -Reinforcement thickness
pockets produced during
affects the test
manufacture
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6.2.8

Maintenance and Repair

Generally, RTR pipes require reduced maintenance. Internal blockages may be removed using conventional methods such as pressurised waste, mechanical and chemical cleaning. Special attention must be taken if the pipe is
coated and the coating has peeled from the surface of the pipe.
Composite wraps, tape, and clamps are used as repair techniques
for RTR pipes in the case of minor repairs. Minor damage is defined by ISO 14692-4 and is surface damage such as cracks, air
bubbles, and chalking due to UV light. These are also applicable
as temporary repairs. Minor cracks in the RTR pipe or its fitting
may be repaired by grinding and filling the cracks with resin. Major damages may be repaired via replacing the damaged section.
For major joint repair of RTR pipes, threaded joints flanges may be required. This is accomplished using the pipes
cut approach⁸. The pipe may be required to undergo testing and recertification after major repairs. Other techniques
such as wrap joints are available for repair of RTR joints.

6.2.9

Reuse and Recycle

Recycling is one of the major challenges associated with the largescale application of RTR pipes given the fact that commercial
thermoset resin are (in general) not recyclable. The use of landfill to dispose of thermosetting resin based composites is becoming more restricted, with environmental legislation already in
place to significantly limit landfill in many European countries 13,19.
Several recycling techniques are emerging as potential alternatives to landfill such as mechanical recycling, pyrolysis, and solvolysis. However, only pyrolysis has reached an industrial scale.
The basic pyrolysis process is thermal decomposition of the material, which is performed in the absence of oxygen. In some cases, steam is also introduced into the process 24. Pyrolysis techniques include fluidised-bed pyrolysis and microwave-assisted
pyrolysis 20,21. In the fluidised-bed process, a bed of material such
as silica sand is fluidised rendering the conditions oxidative. The
most recently developed method is microwave-assisted pyrolysis. The microwaves are used to increase the temperature of the
composite while placed in a chamber with an inert atmosphere.
The materials recovered from the RTR pipe recycling process are mainly the fibres and products from decomposition of the resin 13. However, their reuse depends on several factors including the hardener used to cure the
resin and the type of fibre used to reinforce the pipe.
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Jacob, A., 2011. Composites can be recycled. Reinforced Plastics, 55(3), pp.45-46.
20
Pickering, S.J., Kelly, R.M., Kennerley, J.R., Rudd, C.D. and Fenwick, N.J., 2000. A fluidised-bed process for the recovery
of glass fibres from scrap thermoset composites. Composites Science and Technology, 60(4), pp.509-523.
21
Åkesson, D., Foltynowicz, Z., Christéen, J. and Skrifvars, M., 2012. Microwave pyrolysis as a method of recycling glass
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6.3
Category

0 6-Reinforced Thermoset Resin Pipes

Gaps & Barriers

Category

S hort term
The influence of small variations in the winding angle is more marked
than the variation of fibre volume fraction, which adds to the challenges of system design .

M ain Gaps and Barriers

The design stress used to identify the pipe pressure rating is the hoop
stress, which does not consider the shear and axial stresses related to
soil loading, settlement and thermal expansion stresses.

S hort term
Pipes operating at high pressures require an increase in the thickness
of the reinforcement layer. This results in mechanical limitations
where defining the bending angle becomes a challenge.
Low impact resistance due to the brittle properties of thermoset
materials.
Use of carbon fibre as a reinforcement for large diameter pipes in
water applications (pressure above 3000psi).
M edium term
Pipe M aterials
& Connections

M ain Gaps and Barriers

D esign &
M odelling

Most studies addressing the effect of winding angle have only
focused on limited theoretical analysis and basic experiments on a
laboratory scale.
M edium term
Lack of accurate evaluation of the influence of winding angles on the
failure of RTR pipe. Most studies have been limited to experimental
and modelling scale in idealised environment.

The effects of environmental factors such as crude oil and well stream
chemicals on the properties of RTR pipes are still poorly understood.

Models describing the effect of different ageing conditions on the
performance of RTR pipelines are still poor and do not simulate
in-service environment behaviour.

Development of new connections and sealing systems for large diameter (16”+) high pressure (1500psi+) applications.

Long Term

Current studies have failed to specify the effect of key manufacturing
parameters on the mechanical properties of RTR pipes.

Lack of analysis of the effect of bending moment and pressure load
ramping combined with failure.

Long term
Development of RTR pipes using renewable resources such as cardanol based novolac resin is still at a research stage.
Development and assessment of new resins and fibre sizing systems
for hot wet conditions (i.e., above 110 C).
Lack of in-field investigation into the effect of different materials for
joints on the system performance.
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Category
M ain Gaps and Barriers
S hort term

Category

S hort term

The certification for RTR pipes requires long-term qualification tests
up to 10,000 hours.

RTR pipes joints/connectors are the main areas of failure during and
post installation.

Unsatisfactory QC/QA requirements in current standards.

Pipe connector technology is usually proprietary and requires highly
skilled experts to implement during pipe installation.

Lack of functional standards associated with RTR pipes.

M edium term

- Development of qualification standard to enable further penetration
in downhole applications (casing and tubings).

S tandards
& Qualifications

- Very limited use of modelling (virtual testing) in current industry
standards.
M edium term
In many cases, specific standards have been replaced with generic
standards, which are used beyond their scope.
Absence of standards and qualifications highlighting the effect of
different damage scenarios on pipe and connections
Long term
Absence of specification and qualification standard for downhole
applications (tubings and casings) which hinder deployment opportunities for current products
The existing standards fail to address the requirements necessary
for designing RTR pipes with different material properties and their
influence on the performance of the pipe.
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M ain Gaps and Barriers

Transportation
& Installation

Absence of regulations for inspection during RTR pipes transportation.
Lack of training programmes to qualify personnel on RTR pipes joining. Most joining personnel have experience with steel pipe installation only.
Automation technology for the installation process is still in its early
stages.
Long term
Lack of studies to address the effect of different materials on transportation parameters such as the specific minimum bend radius associated with each pipe design. Mapping the area to check the location
of the underground pipes.

0 6-Reinforced Thermoset Resin Pipes
Category

M ain Gaps and Barriers

Category

S hort term

S hort term

Most inspection methods for RTR pipes rely on visual inspection.

Microcracking and delamination are the main failure modes detected
so far due to loading conditions. RTR pipe modulus decreases significantly due to debonding of fibre/matrix interfaces. In addition, water
absorption leads to plasticisation of the resin which would result in
fibre/matrix debonding.

Limited short- and long-term behaviour of monitoring data of RTR
pipes subjected to different operating conditions in service.
Lack of failure evaluation of RTR pipes under various loading conditions.

Integrity management, influenced by the pipe thickness, accessibility,
coupling and surface condition, makes automation of the process a
big challenge.

Most NDT tests require direct contact with the pipe which increases
the cost of the test and represents a limitation when it is required to
access buried pipes.
Results from variability during pipe manufacture which can result in
variability in the final properties of the pipes.
Quality control of RTR material pipes by NDT techniques is not optimised, with many parameters still not evaluated.
M edium term
Inspection
& M onitoring

M ain Gaps and Barriers

NDT tests that use guided wave propagation become significantly distorted at elbows where joints act as barriers, which reduces signal-tonoise.
Quantifying the size of damage is often not accurate.
UT thickness meters suffer from attenuation due to composite layers
and fibre reinforcement orientation in RTR pipes in addition to high
porosity in the matrix (due to the manufacturing process).
Smart RTR pipes with embedded sensors for integrity/ageing monitoring are promising technology which is still under development.

Lack of reliable methodology to assess the criticality of detected defects and residual lifetime.
Integrity
M anagement

Lack of non-destructive methodology to re-validate/extend the life of
legacy RTR pipes.
M edium term
Lack of aging historical ageing assessment data for RTR pipes in
operations
Fatigue analysis of RTR is limited to experimental evaluation of the
lifetime subjected to cyclic loading pressure.
Unfamiliarity with non-metallic structures and increased reliance on
operator experience with conventional steel pipes.
Long term
During curing and post-curing stages, residual stresses are induced in
the structure of RTR pipes. Consequently, micro-cracks could start to
appear after manufacture.

Most studies fail to address the impact of small manufacturing defects
on the performance of RTR pipes. For example, defects in the angle of
wounding.
Long term
Lack of analysis for the vibration behaviour of RTR pipes.
Limited published data from the industry on the long term behaviour
of RTR pipes in hot wet O&G environment.
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Category

Operations

M ain Gaps and Barriers

S hort term

Skills gap in the workforce specialising in RTR pipes. Need to establish training and certification programmes. Operators should be
leading this effort along with standard organisations and certification
bodies.

Lack of studies on the compatibility of the different recycling techniques for the resins and reinforcement materials in RTRs.

Crude oil emulsions still pose a major challenge, including creating
pressure instability in pipes. The resin in RTR pipes affects these
emulsions.

M edium term

M edium term

Reuse
& Recycle

By-product chemicals produced from recycling have environmental
and health hazards, which are the main limitations for large-scale application of some recycling technologies.
Long term

Long term

Recycling techniques are linked back to thermoset polymers and not
to composites.

Limited data disseminated between operators and manufacturers.
Education of working bodies is important. Composites are very different from metals pipes.

There are no specific standards to qualify recycled RTR products.

Lack of case studies for possible RTR pipe operation challenge and
associated possible limitation scenarios.

S hort term

S hort term

The RTR pipes market is found mainly in the Middle East where the
world’s main O&G exporters are.

Limited expertise in resin- based joints.
Lack of data and experiments supporting the argument that most
RTR damage occurs at the threaded joint.
M edium term
Limited communication between operators and manufacturers.
In-service repair of threaded joints is a major challenge.
Long term

4 8

Chemical recycling is at the development stage where recycled products have high cost and limited applications.

Systematic installation of RTR pipeline systems is still in its early
stages.

Most repair techniques rely on replacement of the damaged section
of the pipe.

& Repair

M ain Gaps and Barriers

S hort term

Lack of experts in RTR pipe maintenance.

M aintenance

Category

Quality and cost effective repair methods are limited, in addition to
expensive clean up and surface coating.

Lack of applications where RTR pipes can be reused efficiently.

M arket

M edium term
Lack of competitive and cost-driven market.
Long term
Product regulations may differ based on the country of operation.
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The demand for polymer composite pipelines that do not corrode is the driver for accelerated application of polymer composite pipes in the O&G industry. Evidence of increasing demand is expected to encourage major stakeholders to commit
long-term resources towards research and development. It is
envisaged that competition between service providers to gain
market share will be a challenge to achieving collaboration.
However, the increased demand, abundant opportunities and
encouragement from operators is expected to bring the supply
chain together to provide economic (i.e. affordable) solutions.
Taking the outputs from the TAB of NIC, in combination with the consultation process involving subject matter experts, the following recommendations, if adopted, are expected to make a significant difference in the
development and accelerated uptake of non-metallic pipes.
It has been widely agreed that principles of future development
applications should be based on:
• Cost effective solutions;
• Compliant / qualified products;
• Confidence in the supply chain;
• Competent workforce.
Any commonalities between pipeline systems (such as materials,
inspection, RBI, etc.) should be leveraged during the development
process to share and transfer knowledge where applicable. The specific recommendations for each of the pipeline systems are as follows.

7 .1

The primary consideration for adoption of polymer liners for
steel pipelines is utilising the combined benefit of a steel pipe
and a polymeric liner. While challenges associated with extreme applications should be addressed in the short term, there
is a requirement to consider the future asset management of
these pipeline systems. The following are recommended priorities for future development of polymer liners for steel pipelines.

7 .1.1
Increased Performance for E x treme Operating E nvironments
There is a strong requirement amongst operators to expand
the operating window for polymer liners, including when subjected to temperatures and more corrosive fluids. Opportunities therefore exist for the development of novel materials
and operational mechanisms. The key recommendations for increasing the performance in extreme conditions are as follows:
•

•

5 2

Polymer-lined
S teel Pipes

•

Development of cost-effective materials to operate at high
temperatures (up to 120°C) and to withstand high concentrations of corrosive fluids (30% H2S/CO2 and 50% aromatics)
with minimal material degradation;
Development of liners with increased pressure rating to provide longer pipeline installations;
Reduction of permeation through the polymer liner using, for
example, graphene;
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•
•

Development of safe venting mechanism (such as special fillers
embedded during manufacture);
Advancement of multilayer liners to combine the superior
properties of different materials, such as high temperature
and reduced permeability, by developing novel, cost-effective
co-extrusion processes, and the associated qualification protocol/standard.

7 .1.2
Bridging the Knowledge Gap in
M aterial D egradation and Failure M echanism
•

•

•

•

Advanced understanding of liner collapse by recognising the
influence and impact of contributing factors such as permeation, rapid gas decompression, etc. leading to design and
operational guidelines;
Modelling the effect of mechanical loads and fluid properties
on the system over time to understand the degradation mechanisms leading to life-time prediction (enabler of Digital Twin
technology);
Development of cost-effective, collapse resistant liner by
impregnating graphene into the polymer liner. Although
graphene as a permeation is close to realisation, major challenges persist regarding repeatability and scaling;
Multi-physics modelling to allow predictions to be made of the
impact of environmental conditions in conjunction with conventional thermo-mechanical loads. The accuracy will depend
on the strategy for linking physics across multiple length, and
time-scales. It is essential that high performance numerical
modelling is accompanied by a state-of-the-art review to understand scale-bridging methods for non-metallic multiscale
modelling;

•

Application of Artificial Intelligence (AI) to enable improved
design of liners, giving consideration to lifetime operation and
contributing factors.

7 .1.3
D esign for M aintenance and Inspection
•

•

•

•

•

The connectors between pipelines are necessarily complex in
design in order to provide sealing and transfer of mechanical
forces. Therefore, a cost-effective monitoring / inspection
technology to detect leaking and loss of mechanical integrity
is essential for asset management and to qualify performance;
Development of an inspection method or a combination of
inspection methods for both the steel pipe and the polymer
liner. Challenges exist with the inspection of the polymer liner,
with accuracy being pivotal to identifying failure initiation.
Since remediation of failure initiation or modification of operating parameters is essential to mitigate failure propagation,
the development of NDT for the liner is crucial;
Development of embedded non-intrusive inspection technology during production or installation of the polymer liner in
order to provide data for use with the Internet of Things (IoT)
and Digital Twin technology;
Development of a monitoring system for flow assurance and
liner aging. A flow assurance monitoring system would enable
operational decision making, such as deposit clean-up for flow
optimisation and purging to remove debris. Determination
of liner aging would greatly enhance the residual life of the
system;
Redesign and reconfiguration of state-of-the-art robotic inspection for internal pipeline inspection (through intelligent
pigs) and non-intermittent image processing for mapping of
critical locations (e.g., through drones).
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7 .1.4
Understanding and M itigating
Risk of Failure
•

•

•

Determining the degradation mechanism of the polymer liner
under exposure to extreme conditions and corrosive fluids,
enabling ECA techniques (such as fitness for service (FFS), risk
based inspection (RBI) and other probabilistic methods);
Development of fatigue assessment models for polymer liners
subjected to cyclic loading (pressure and temperature) due to
changing operational requirements;
Development of a venting strategy (such as condition based,
predictive or preventative) in the annulus region to ensure the
integrity of polymeric liners. The opportunity for optimisation
of a venting strategy as a function of real-time properties can
be realised by integrating ‘as-built’ information with representative real-time information on a purpose-built modelling
platform.

7 .2

Spoolable Thermoplastic Composite Pipes

Oil companies allocate significant expenditure and resources to
repair and replace failed steel pipeline systems. Most of the failures are due to internal and external corrosion. Spoolable thermoplastic composite pipes offer excellent corrosion and erosion
resistance properties, high fatigue resistance, reduced maintenance cost, faster commissioning, and improved flow rates, and
hence are widely regarded as an alternative to steel pipelines.
Current product offerings provide resilience, not only against
corrosion but through proper reinforcement, against pressure and impact. However, the main drive to use spoolable thermoplastic composite pipes will be based on reducing their cost for demanding applications. In addition, the
demand for larger diameter spoolable thermoplastic composite pipes provides additional challenges, including cost-effective manufacturing, bending, transportation, and inspection.
Note that many of the research outputs from polymer liners for steel
pipelines can also be applied to the inner liner of spoolable thermoplastic composite pipes since the functionalities of both are similar.

5 4

Considering the advancements in material science and structural integrity, the following are recommended priorities for the future developments of spoolable thermoplastic composite pipes.

7.2.1
Cost-Effective Manufacturing of
Pipes and Connectors
•

•

•

•
•

•

Investigate the development/use of cost effective thermostatic
resins for HPHT (high pressure, high temperature) applications
(above 82°C and 1500psi), including maturing new technological solutions (e.g. co-extrusion) and their related design and
qualification standards;
Find cost-effective reinforcement materials for higher pressures without compromising on performance. The reinforcement layer contributes to the pressure bearing capacity of a
spoolable thermoplastic composite pipe and the major proportion (>50%) of the raw material costs of such pipes is associated with the reinforcement. The most common reinforcement
materials in O&G applications are glass fibres and carbon
fibres. However, other fibres (e.g., Vectran is a liquid crystal
polymer - LCP- fibre and UHMWPE fibre e.g., Dynema), should
be considered, and techniques used in other industry sectors
should also be explored;
Further investigation of the use of cost-effective non-metallic
connectors for spoolable thermoplastic composite pipes, to
replace the expensive CRA connectors that are designed for
offshore applications. Alternatives to flanged connections will
also need to be explored;
Development of next generation welded thermoplastic connectors for HPHT applications;
Development of cost-effective connectors for TCP to enable
piloting and deployment in onshore applications (volume-driven market);
Connectors should be designed to withstand the pressure and
chemical composition of the pipeline and should also be re-

•

•

•
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silient to changes in the environment, fluid composition and
vector forces;
Research into submerged applications, including dynamic stability, is key for expanding the adoption of spoolable thermoplastic composite pipes in offshore environments;
Development of large diameter spoolable thermoplastic composite pipes (>8in) for transporting fluids with high concentration of H2S, CO2 and aromatics. Challenges will include manufacturing, materials and transportation;
Development of hot tapping methods for spoolable thermoplastic composite pipes in operation to enable multilateral
flow lines.

7.2.2
Accelerating Assurance of Compliant Solutions
•

•

•
•

Investigating the impact of exceeding the design specification
and management of residual life. Changing service conditions
may include exchanging the fluid composition, or operating
the pipeline at higher temperatures or pressures, or for longer
periods of time;
Development or revision of internationally accepted standards
to include accelerated qualification procedures without compromising on the confidence level. Extrapolation methodologies can potentially be applied, backed by rigorously proven
testing and reliable predictive models;
Revision of standards to include design, installation, operation, inspection, maintenance, FFS and end of life;
Investigation of applications related testing will enable the
accelerated development of new products. The threat of operating beyond the accepted regime should be thoroughly inves-

55

07-Recommendations
tigated and mitigation recommended;
• Development of numerical modelling methodologies and
data-centric engineering for validating products specification,
enabled by lab-scale testing to support the development of
aging and degradation models.

7.2.3
Progressing Towards Prognosis:
Enabling Through-Life Safety
•

•

•

•
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Research into the effects of permeation and degradation
mechanisms to include identification of failure modes and
their impact, including the threshold for managing the fault.
Saturation of H2S, CO2 and aromatics during fluid transfer is
unavoidable. Research into the rate of saturation and its impact on properties is essential;
Investigation into degradation mechanisms due to mechanical
loading and (prolonged) fluid exposure to inform development
of NDE methodologies and identify preventive methods;
Development of temperature, pressure and flow metering
methods (preferably non-invasive) for accurate and reliable
monitoring of pipeline conditions. Cost-effective monitoring
methods will be essential for better decision making in the
short-term and development of Digital Twin models in the
long-term. The potential of incorporating a sensing system in
the connector should be investigated;
Development of inspection technique(s) for multiple layers in
spoolable thermoplastic composite pipes. The current stateof-the-art is limited to inspection of the external layer only.
However, a non-destructive examination (NDE) method for
inspection and monitoring (specifically for identifying smallscale cracks and breaches) in each layer is essential, in order

•

•

•

to manage the risk of damage and failure;
The recommendation here is to fast track technology advancements in order to tackle the limitations for each approach. Meanwhile, ultrasonic inspection and guided waves
look promising if the distance between consecutive sensors is
controlled to reduce the chance of attenuated signals;
Development of risk based inspection and FFS methods to
evaluate the safe functionality of spoolable thermoplastic
composite pipes under loading and environmental conditions.
ECA methods, informed by NDE, will enable the demonstration of service safety in the presence of flaws. A holistic approach should be developed, to include data from all stages
including fabrication, spooling, installation and service;
Development of Digital Twin models to cover the intended
service environments, including but not limited to upset conditions that may occur due to changes in service conditions,
to enable the accurate prediction of the remaining life, and
potential damage and failure models.

7.2.4
Operability of Spoolable Thermoplastic Composite Pipelines: Maximising Flexibility
•

Mitigate spoolability challenges associated with large diameter pipes. Spoolable pipes offer high flexibility, making installation easier, more efficient and cheaper. However, increasing pipe diameter also increases the minimum bend radius
that can be achieved. If spoolable thermoplastic composite
pipes could be designed to include low bend stiffness without
compromising the operational specification, this would lead
to the ability to transport longer lengths of pipe. This may

•

be achieved through the validation of different coupling and
contact elements in the bonding/un-bonding of each layer and,
in general, through the robust modelling of spoolable thermoplastic composite pipes using finite element analysis;
The development of guidelines informed by research to mitigate the challenges of bending spoolable thermoplastic composite pipes, especially at acute angles, to avoid loss of integrity (such as delamination of reinforcement), particularly in
pipelines subjected to high pressure.

7.2.5
Transitioning to Sustainability:
Reduce, Repair, Reuse and Recycle
•

•

•

Enhanced sustainability of spoolable thermoplastic composite
pipes such that, upon decommissioning after prolonged use,
the pipe itself may be refined for reuse or recycled;
Development of novel, multi-functional materials such as
shape-memory and self-healing polymers in order to heal
cracks and extend the operational life of the pipe;
Development of standardised repair methods, maintenance practices and assessments to assure
pipeline integrity, providing confidence for
prolonged service.
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7 .3

Reinforced
Thermoset Resin Pipe

Since
thermosets
and
thermoplastics
have
differing
strengths and limitations, it is important that RTR and
spoolable thermoplastic composite pipelines form a portfolio covering the various applications and operating conditions required in the O&G industry. The following are recommended priorities for the future development of RTR pipes.

7.3.1
Cost-Effective Pipe for Customised Application
•

•
•
•

•
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•

Development of large diameter RTR pipes (12” or above at
3,000 psi for water application and 16'' or above at 1,500 psi
for crude and gas service);
Development /assessment of new resins and fibre sizing systems for hot wet conditions (i.e. above 110°C);
Use of carbon fibre as a reinforcement for large diameter
pipes in water applications (pressure above 3,000psi);
Development of new connections and sealing systems for
large diameter (16”. or above), high pressure (1,500psi or
above) application;
Development of cost-effective coatings for protecting the
external surface of RTR pipes from soil contamination;
Development of cost-effective reinforcement for high temperature and high pressure application, including various types
and grades of glass fibre, carbon fibre, and high-performance

•

•

•

polymer materials such as aramid;
Research and development of fast-curing resins to expedite
the production of RTR pipes. There is a constant requirement
for new, more resilient, thermoset resins with faster curing
cycles and process versatility;
Research and development activities to encourage the introduction and use of self-healing and shape memory materials
(to maintain geometry and reduce stress concentration);
Improve fire retardance of RTR for in-plant applications. Fire
retardance is essential for power plants and refineries where
hazardous chemicals are transported at high temperature and
where pipes are usually exposed to fire hazard (i.e., above
surface).

7 .3 .2
•

•

M onitoring J oint Integrity

Development of inspection tools for high pressure (e.g.
threaded) joints to detect crack propagation due to
over-torquing;
Development of permanent/continuous monitoring of RTR
pipes. The brittle nature of these, combined with the material
degradation associated with transported fluids, necessitates
frequent monitoring. For asset management, real-time automated monitoring should ideally be applied.
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7.3.3
Engineering Critical Assessment
Inclusion in Standards
•
•

•
•

•

Crack-arrest methodologies for RTR pipes to mitigate (catastrophic) failure;
Guidelines for the selection of resin/glass matrix to minimise
the effect of chemical attack, rapid ageing, and mechanical
wear;
ECA methodology for RTR pipes;
Multi-physics modelling to enable the accurate prediction of
environmental degradation and ageing of polymers as a result
of mechanical and thermal loads, and the permeation of fluids;
Enhancement of current standards and qualifications to include FFS and lifetime prediction of RTR pipe systems, leading
to the development of procedures that will ensure a safer, predictable and more accurate operational environment.

7.3.5
tions
•

•

Transitioning to Novel Applica-

7.3.6
ment

Enabling Life Cycle Manage-

•

Development of an environmentally friendly recycling method
for RTR pipes:
- Recovery of continuous reinforcement through local pyrolysis of
matrix material;
-New technologies such as air splicing of discontinuous tow to
yield continuous spooled tows.
• RTR pipe repair:
-Hot tapping for RTR pipes if sections need to be replaced;
-Composite wrap repair with in-situ process monitoring;
-Temporary, ultra-fast patching of damaged RTR pipe for safe operation and sub-sequent maintenance/repair;
-RTR pipe integrity confirmation after repair.
• Reconditioning/reuse of RTR pipes for alternative applications:
-Surface treatment of pipe after removal;
-RTR pipe re-lining for new use.

Development of RTR pipes for downhole tubing and casing
applications that are designed to withstand different loadings
to typical of standard fluid transportation. Detailed study into
design requirements, leading to the development of dedicated
standards;
Development of RTR pipe with added functionality such as
with cables that carry data and telephone networks.
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08-Leading a Step-Change in Accelerated Adoption
Developing technical solutions alone is not sufficient for industrial uptake of non-metallics in the O&G industry. In addition to the
technical recommendations, there are supplementary factors that
need to be considered. The most notable aspects are as follows:

8.1.1 Non-metallic Mind-Set - Transfer of Data from Steel to Non-metallic
Pipe
Metallic materials have enabled advancements in engineering for
centuries. Hence, any substitutes, such as polymers, are expected
to adopt the practices (standards, procedures and processes) developed for metals. This is detrimental to the future adoption of non-metallics and it is important for early adopters to consider non-metallic materials as stand-alone materials, requiring their own design
guidelines, standards and practices. It is also essential to transfer
lessons learned from metals, where applicable, to non-metallics.

8.1.2 Collaborative Development
with End-Users

62

It is evident from past experience that collaborative development
of solutions has the potential to maximise value for all elements of
the supply chain (i.e. from raw material suppliers through to finished product manufacturers). Therefore, it is important to bring
key stakeholders together, from concept to completion, leading to value creation at every step of the development process.

8.1.3 Technology Transfer from Advanced Sectors
The distinct benefits of non-metallic materials have led to applications in many other engineering sectors, such as Formula 1,
aerospace and renewable energy. There are important developments and knowledge in these sectors that can be transferred
to the O&G industry, for example, the higher strength-to-weight
ratios found in Formula 1 materials, that can withstand continuous non-linear loads, as used in the renewable energy industry,
and inspection methodologies used in the aerospace industry.

8.1.4

Bridging the Skills Gap

The O&G industry has suffered a skills shortage for decades. Therefore, introduction of new technologies should be supplemented by
upskilling the existing workforce. The ongoing skills crisis is expected to be further impacted by the introduction of novel technologies
such as the IoT, data-centric engineering, cloud computing and machine learning. With the expected increase in use of non-metallics
and advancements in the adoption of novel engineering practices,
there is an impending necessity to bridge the skills gap of the existing workforce as well as to train new graduates. While the opportunities for non-metallics are abundant, there is a large amount of
work required to fully optimise their performance, leading to successful commercial applications. A strategic long-term partnership
with a collaborative approach at the core, led by leading industrial
benefactors, is essential to starting the journey to value creation.
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NIC V ision

Become a world-class research and technology
development centre creating new applications
for non-metallics in the Oil and Gas industry.

NIC M ission

D evelop innovative solutions through collaborations with industry and academia by transforming fundamental research into deployable
technologies.
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NIC is an integrated innovation centre focusing on advanced non-metallic technologies employed within the Oil and Gas (O&G) sector.
The centre has been established to develop breakthrough technologies leading to novel applications for non-metallics in the Oil and
Gas industry and to provide the required technical services for these
new products. NIC is part of the Private Technology Innovation Partnership (PTIP) initiative at TWI. PTIPs work to address their technology priorities, fostering innovation and working towards commercialisation of technology with their sponsors and supply chain.

Being based at TWI gives the Non-metallic Innovation Centre access to the research laboratories and technical teams of scientists and engineers, with the highly skilled capabilities in design,
build, evaluation and improvement for technologies relating to
(i) welding, joining, coating, additive manufacturing and cutting,
(ii) material, component and structural testing, and (iii) inspection and monitoring. This includes state-of-the-art equipment
for materials characterisation and analysis, identification of solutions for specific applications and causes behind industrial need.

NIC’s initial focus is on composite pipe applications, but the goal
is to develop breakthrough technologies leading to novel applications for non-metallics in the oil & gas industry and beyond.

TWI has gathered a collection of many millions of pounds worth of
equipment, ensuring the ability for the site to use the latest technologies in carrying out research projects. By amassing this quantity and
variety of high-level equipment, TWI and NIC will be able to tackle industry needs and expand innovations using analytical and investigative
techniques, providing NIC and its collaborators with detailed, insightful
reports and solutions. Much of our equipment is located in our 3200m2
engineering hall, served by four overhead cranes. In total, TWI in Cambridge features more than 6000m2 of workshop and laboratory space.

The Non-metallic Innovation Centre (NIC) is a partnership between TWI, Saudi Aramco Technologies Company (AramcoTech)
and ADNOC. The centre has been established at TWI in Cambridge to develop breakthrough technologies leading to novel applications for non-metallics in the Oil and Gas industry and
provide the required technical services for these new products.
As a multi-stakeholder centre based at TWI in Cambridge, NIC
will conduct a research programme covering technologies with
different maturity levels spread through Technology Readiness
Levels (TRL) 1-9. Partners are drawn from leading academic institutions, research centres and composite material manufacturers. NIC will hold an annual Technical Advisory Board (TAB)
meeting to gather advice and recommend actions for the development of research strategies. Furthermore, it is essential to
explore and identify novel research opportunities and accelerate development by highlighting and prioritising collaboration.
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