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Abstract— Piping systems have greatly evolved over the last 

decade through both material innovation and extrusion 

technologies which have undergone a significant 

advancement. Though the plastic pipes are currently 

estimated as the best solution for a safe fluid supply, various 

compounds differing in macromolecular structures or 

additives composition are now available to overcome the 

previous restrictions faced. Some key features are highlighted 

of these recent developments which have resulted in a wider 

range of modern infrastructural and industrial projects across 

the globe for a longer service lifetime, thus establishing 

plastic piping materials as a preferred base material for any 

application under pressure in the most demanding 

environment with improved significant characteristics. The 

new materials that have been analysed in this paper are: PE-

RT, PE100-RC, Cross-linked Polyethylene pipe resins and 

some Polymer Composite matrix’s. Life Cycle analysis of the 

plastic piping material with its advantages over the 

conventional piping has proved to be a highly profitable and 

economic solution on the long term basis. New advancements 

in the recycling of PVC have also been put up to ensure the 

biological balances to be maintained also reduce and reuse of 

the material scrap cost.  
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I. INTRODUCTION 

Conventional metal pipes used in the industry as piping 

material are plagued by high costs of maintenance, corrosion 

and lower life cycles. The total annual cost of corrosion losses 

in the oil and gas industry is estimated at $1.372 billion, with 

$589 million representing pipeline and facility costs, down 

hole tubing expenses consuming $463 million and $320 

million capital expenditures for corrosion control (Ruschau 

and Al-Anezi, 2003). The use of plastic piping as a material 

will greatly reduce the economic losses (due to corrosion and 

high cost of maintenance), less thermal conductivity, less 

frictional losses, light weight, easy handling and simple 

installation. In last few decades various advanced plastic 

piping systems are developed for various applications. Many 

alternative materials and products are being continually 

developed across the world. 

New vistas have now been opened in Hot and cold 

water supply, soil and waste disposal, Cooling and heating 

systems, Rainwater Disposal/Harvesting systems etc. 

alongside the old conveyance usage of drinking water supply, 

chemicals, ultra- pure liquids, slurries, gases etc. 

Plastic piping system fulfils a variety of service 

requirements. For each application alongside their specific 

characteristic, Like: 

 Conveyance of drinking water: Hygienic requirements 

 Conveyance of gas: Highest Safety requirements 

 Plastic pipes for radiant heating and floor heating: 

Temperature resistance over decades. 

 Sewer applications: High chemical resistance. 

 
Plastic pipes are capable of fulfilling the specific 

requirement for each application. They do so over a long 

lifetime and with trustworthy reliability and safety. The key 

success factor is achieved by maintaining the consistently 

high quality levels. For plastic piping products, these levels 

are defined by the different standards. Two aspects are 

fundamentally important for the performance of plastic pipes: 

flexibility and long lifetime. 

Common materials for plastic pipe include: 

 polyvinyl chloride (PVC) 

 chlorinated polyvinyl chloride (CPVC) 

 high-density polyethylene (HDPE) 

 low-density polyethylene (LDPE) 

 acrylonitrile butadiene styrene (ABS) 

PVC pipe provides good flexibility, a smooth 

surface, and nontoxic qualities. Because PVC piping is inert, 

some grades are used in food and chemical processing. 

CPVC pipe shares many of the same advantages and 

uses as PVC, but typically carries higher temperature ratings. 

HDPE pipe provides good temperature resistance 

and is used in drainage structures and systems. 

LDPE pipe is used in drainage systems as well as 

industrial process components, laboratories, and sprinkler 

and drip irrigation systems. 

ABS pipe provides good chemical and creep 

resistance as well as dimensional stability. Other types of 

plastic pipe are also available. 

Along with the numerous advantages of plastic 

piping recent problem faced by the plastic piping industry is 

in the drinking water distribution lines made from polyvinyl 

chloride (PVC) and chlorinated PVC (CPVC); Given the 

formulation of the material from vinyl chloride (VC), there 

has been concern that the VC (a confirmed human 

carcinogen) can leach from the plastic piping into drinking 

water. So there is a need to overcome such problems by 

development of new better materials with required problems 

beings eliminated for smooth and satisfactory working. 
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New products are constantly being developed to 

overcome such problems faced by ensuring a good quality 

with a healthy and sustainable lifestyle of humans. 

II. OBJECTIVE 

This paper aims to provide an overview on the material 

characteristics of advanced grades of polymer piping material 

developed all around the world which can be practically 

brought to use for required applications. 

III. ADVANCED GRADES OF PLASTIC PIPING MATERIAL 

A. PE100-RC 

Polyethylene having specific severe requirements for 

resistance to slow crack growth focused for pipe laying with 

alternative techniques, improved resistance to chlorine 

disinfectants used in drinking water distribution systems, 

superior temperature resistance in industrial applications and 

excellent behaviour for large bore ducts are some of the most 

state-of-the-art solutions for challenging applications. But 

practically witnessed as polyethylene piping systems do not 

fail through ductile bursting, unless they are severely over 

pressurised, but through cracking due to stress concentrations 

or structural defects in the material. 

The outstanding improvement of the resistance to 

slow crack growth, brought about by the availability of the 

latest PE100-RC compounds, have become a key factor for 

most applications both for the directional drilling, where 

toughness and slow crack growth properties are critically 

involved, and the conventional trench installation where 

extraordinary safety standards have to be strictly fulfilled. 

As the concentration of the short chain branching on 

the higher molecular weight chains affects their folding in the 

development of the crystalline structure and the generation of 

the entanglements, a dramatic improvement for the long term 

performance results. 

In PAS 1075, which is a supplement to existing 

standards and guidelines, there are three different types of RC 

pipe: 

 Type 1: Single-layer solid wall pipes made of PE 100 RC 

 Type 2: Pipes with dimensionally integrated protective 

layers of PE 100 RC 

 Type3: Pipes with dimensions conforming to DIN 

8074/ISO 4065 with an outer protective casing. Inner 

pipe made of PE 100 RC. 

Generally Type 1 & 2 are used for open trench 

applications where no sand bedding is used whereas Type 3 

is more commonly used for trenchless applications. 

B. PE-RT – Polyethylene of raised temperatures 

The original underground fiberglass reinforced pipe (FRP) in 

industrial sector presents an elevated risk to both environment 

and production targets due to the constant need of 

maintenance. The FRP piping showed evidence of spider 

cracking or complete inner delamination from the outer pipe 

wall. Therefore a solution to replace the adding FRP was 

found. 

A new PE-RT product now expands PE into 

industrial applications requiring resistance to high 

temperatures and having an HDB of 800psi at 180°F 

(82.2°C). The new PE-RT Resin protects against oxidative 

attacks at high temperatures and the flexible heat-fused 

HDPE pipe provides considerable cost savings during 

installation. Resin protects against oxidative attacks at high 

temperatures and the flexible heat-fused HDPE pipe provides 

considerable cost savings during installation. 

 
New additive technology gives the new PE-RT material the 

oxidative resistance required for demanding applications. 

The primary benefits of the material include the following: 

 Significant installation cost savings were achieved 

replacing FRP with the new PE-RT. 

 PE-RT material costs were less than equivalent FRP 

material cost. 

 FRP was considered to be very fragile during handling 

with a more difficult and longer joining process. 

 The new PE-RT material allowed the use of PE in this 

large diameter industrial application with ability for 

continuous operation up to 82°C and intermittent 

temperatures up to 95°C 

 Underground installation of PE-RT piping adjacent to 

existing FRP piping allowed installation to occur during 

production operation 

 PE-RT provides greater than 20 times the slow crack 

growth resistance compared to PE4710 requirements. 

As the benefits of these piping systems encompass a 

much wider temperature range, the applications have 

consequently been extended to new markets such as the 

geothermal or the offshore oil industry 

C. Cross-Linked Polyethylene Pipe Resins 

Cross-linked polyethylene tubes are beginning to gain 

popularity in many industries. Currently, cross-linked 

polyethylene is predominant in building services pipework 

systems, hydronic radiant heating and cooling systems, 

domestic water piping, and insulation for high voltage 

electrical cables. Natural gas, offshore oil applications, 

chemical transportation and transportation of sewage and 

slurries also use cross-linked polyethylene. PEX materials are 

generally believed to have a very good slow crack growth 

property and some would even argue that they are immune to 

slow crack growth. 

1) Properties: 

 High and low temperature 

 Hydrolysis resistance 

 High electrical and insulation properties 

 High abrasion resistance 

 Potable water approved 

 High extrusion speed on standard lines 

 Lower cost 

 Mechanically tougher 
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D. Polymer Matrix Composites 

Composite primarily consists of matrix and reinforcement 

and in addition may contain a third component known as 

‘filler’. The filler is mixed with the matrix during fabrication 

and may not necessarily improve the mechanical properties 

but rather some aspects of desired considerations. Some 

examples of fillers are hollow glass microspheres for reduced 

weight and clay or mica particles for reduced cost. 

Several works have been carried out on development and 

characterization of composites: 

Nuher et al. (2014) developed a palm fiber 

reinforced acrylonitrile butadiene styrene (ABS) composite 

using injection moulding machine (IMM) and found out that 

the density and water absorption increased with increasing 

percentage of fiber content while the tensile strength and 

flexural strength decreased with the exception of the fiber 

content at 5%. 

Sapaum et al., 2005  developed banana fiber 

reinforced epoxy composites and determined it mechanical 

properties. Tensile and flexural tests were performed and the 

maximum stress and Young’s Modulus were determined as 

25.18 MPa and 2.69 GPa respectively. Flexural test was 

observed at a maximum load of 36.3 N. 

Oseghale and Umeania (2011) evaluated the 

application of reinforced composite piping (RCT) technology 

vis-a-vis glass reinforced epoxy (GRE) for liquefied 

petroleum gas (LPG) as a substitute to the predominantly 

steel and plastic pipes. 

Xia et al. (2001) developed filament-wound fiber-

reinforced sandwich composite pipe and analysed it based on 

internal pressure and thermo-mechanical loading. 

Ellyin et al. (1997) developed multi-directional 

filament-wound glass fiber/ epoxy pipe and analysed it based 

on biaxial loading. 

Thomas and Joseph, 2012; Kalia et al., 2009). In this 

study, Nigerian banana stem particulate was used as the 

reinforcement in the thermoplastic poly vinyl chloride (PVC) 

matrix with kankara clay. It was alkali treated to improve 

fiber matrix interaction of the produced composite. 

Comparison with conventional piping materials showed the 

composite offered a price savings per meter length of 84% 

and 42% when compared with carbon steel and PVC material 

with improved mechanical properties and better creep 

stability. 

Drawbacks of Polymer matrix 

 Environmental degradation[citation needed] 

 Moisture absorption from environment causes swelling 

in the polymer as well as a decrease of Tg. 

 The moisture absorption increases at moderately high 

temperatures. These hydrothermal effects can lead to 

internal stresses in the presence of fibres in polymer 

composites. 

 A thermal mismatch between polymer and fibre may 

cause cracking or debonding at the interface. 

IV. LIFE CYCLE ASSESMENT (LCA) OF A PVC-U RAIN GUTTER 

SYSTEM 

LCA is a suitable method to analyse the environmental 

impacts of products, processes and/or systems, seen from an 

entire life cycle perspective. An LCA quantifies the potential 

environmental effects of a product in every part of the life 

cycle, meaning that the extraction of raw materials, the 

production of materials and the product, the use and the end-

of-life treatment are taken into account. 

It is important to have an insight into the 

environmental aspects during the life-span of plastic pipe 

systems all the way from the cradle to the grave. 

 
Various experiments were performed and results 

were obtained. The complete analysis of the galvanized steel 

rain gutter system can be found in the Comparative Report 

(Peeters and Spirinckx, 2016b). 

The results of the LCAs of a broad range of plastic 

pipe systems indicate that the impact on the environment is 

relatively lower compared to the environmental footprint of 

main non-plastic piping materials. 

The contribution of plastic pipe systems to global 

warming (CO2 footprint) is for all plastic piping systems that 

have been studied lower in comparison of pipe systems made 

out of competing materials for the pipes. 

V. RECYCLING OF PVC WASTES 

Polyvinyl chloride (PVC) is one of the most commonly used 

thermoplastic materials in respect to the worldwide Polymer 

consumption. It's low cost and high performance combined 

with the wide range of products that can be obtained from 

different processing conditions and techniques, PVC has 

therefore become a universal Polymer. 

PVC-made products in recent years, the quality of 

used PVC items entering the waste stream is increasing 

rapidly. One simple route for disposing of PVC wastes, i.e., 

landfilling become more expensive and in many countries 

this method of disposal is no longer acceptable due to the 

increasing consumption, decrease in available landfilling 

areas, and potential environmental hazards associated with 

the chlorine content of the polymer. 

In particular, landfilling and composting are not 

suitable because of the unknown hazards associated with the 

oxidative degradation of PVC in the environment. 

Incineration and pyrolysis may also be disfavoured 

because of the large amounts of hydrogen chloride and other 

toxic products that are produced. 

Of the two acceptable recycling techniques, 

mechanical recycling and chemical recycling, the former is 

preferred when the provenance of PVC waste is known. 

The mechanical method for recycling of PVC will 

be preferred if clean PVC with known composition and 

previous history can be available. Mechanical recycling is 
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already practiced over many years for the post-consumer 

PVC wastes. 

Another recycling method, chemical recycling, is 

based on the idea of converting plastic back into the 

chemicals for reuse in polymerization or other chemical 

processes 

 

VI. CONCLUSION 

Plastic pressure pipes have shown a continuous and 

successful track record in industry for more and more 

demanding and advancing market in search of innovation for 

a reliable, economical and extended working lifetime 

performances. 

The review article we presented above described in 

detail various aspects of the advancement in the plastic piping 

with newly developed materials in recent years along with 

special applications related to them. Better performances of 

these new material piping systems, consisting in enhanced 

desirable properties respectively, extended use in higher 

temperatures or improved resistance to chlorine disinfectants, 

have been welcomed by industrial utilities and end-users as 

effective chances to regain the lost time in upgrading of the 

piping networks currently in use. 

The huge advantages of cutting-edge plastic piping 

systems have therefore increased and improved the 

opportunities for most applications, as long as the superior 

levels of technical specifications are preserved and 

adequately monitored through different tests (like LCA) are 

conducted. 

Furthermore, consideration of the recycling of the 

wastes produced also has to be considered while developing 

a product, all aspects of effective waste management of PVC 

waste and calculation of costs and energy requirements for a 

recycling process also need to be determined. 
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