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ABSTRACT 
 

Up to 80% of water resources in most countries are used to irrigate crops mainly by 

inefficient flood irrigation methods. Unpredictable weather, acute water shortage and 

increased food demand make such a practice unsustainable. Newer polyethylene 

pipe materials can contribute to alleviating this problem. In drip irrigation, AquilityTM, a 

new PE material to simplify production of drip irrigation pipes, can reduce production 

costs and increase its useful life, thus improving its affordability especially for farmers 

with small land holdings. In Egypt, the benefits of this new material are demonstrated 

in the peak irrigation demand season resulting in better quality consistency and 

simpler and more cost effective production. In India, it also encourages a wider 

adoption of drip irrigation systems by reducing the farmer’s reliance on the local 

subsidy system. In U.A.E, a new approach to ‘Green the desert’ showcases how 

AquilityTM enabled Barari Forest in the desert to expand and meet its plastic waste 

recycling targets while producing drip irrigation pipes of acceptable quality. The newer 

and tougher materials e.g., BorSafeTM High Stress Crack Resistant (HSCR) PE100 

have demonstrated their worth in reducing water loss in the Valetta Irrigation Scheme 

in New Zealand and in restoring water to the agricultural communities around Mount 

Guanyin, Taiwan after the local irrigation channels were damaged by a tropical 

cyclone and landslides. This paper cites results from a study by Professor Alessandro 

Marangoni, of Bocconi University, to define the cost benefits of different water 

management strategies to the Italian agricultural industry. 

 
Keywords: Polyethylene, plastic pipes, drip irrigation, durable, reduce production 
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1. INTRODUCTION 
 
Irrigation uses up to 80% of available water resources globally. Reducing its wastage 
will have a large impact in water stress areas. Significant loss from evaporation and 
leaks occurs during the conveyance to farms via open canals. At the farms, water is 
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again wasted if flood, furrow or spray methods are used. Mitigating actions such as 
the use of drip irrigation in farms and closed conveyance such as irrigation tunnels or 
closed channels have been adopted. 
 
Subsidies and realization of its benefits is driving the adoption of drip irrigation. 
Addressing conveyance loses require more investment and have therefore been 
pursued more selectively. Plastics, especially polyethylene (PE), has played a key 
role in this respect due to its light weight, flexible and relatively inexpensive nature. 
Polyethylene is the preferred material in the production of drip irrigation pipes 
(laterals)and drippers. Large plastic pipes made from PE is also making significant 
headway as a competitive and practical solution to transport raw water to farms. The 
ease of producing and transporting plastic pipes, fittings and other PE parts has led to 
its widespread adoption in the agriculture sector. 
 
Improvements in polymer technology have given the latest generation of materials 
that are more durable, tougher and easier to process. The case studies below show 
how two new generation PE materials – AquilityTM and BorSafeTM High Stress Crack 
Resistant (HSCR) PE100 - is improving water efficiency in modern irrigation. 
 

2. DRIP IRRIGATION 
 
2.1  Current practice versus AquilityTM 

 
All drip laterals are produced from a blend of materials such as low density PE 
(LDPE), high density PE (HDPE), linear low density PE (LLDPE) and additives such 
as carbon black master batch and even some polymer processing aids. These 
components impart different properties on the pipes such as sufficient flexibility, 
strength and elongation. Carbon black gives the necessary UV stability for outdoor 
use while the processing aid helps the machine properly mix all the components 
before the pipes are extruded. 
 
Shortage in just one component can disrupt the production cycle. Keeping sufficient 
inventory implies higher warehousing and material handling costs, and hence higher 
working capital to buy and store everything. In some markets, insufficient availability 
of the different PE materials during peak season means that production needs to 
improvised with whatever is available, which may result in inconsistent product 
quality. Adjusting the machine settings to compensate whenever a component is 
changed results in more scrap leading to higher product cost. 
 
AquilityTM was developed to simplify the production by enabling manufacturers to use 
just one PE material, eliminating the need for mixing. This new generation material 
combine the properties of earlier PE materials and comes pre-compounded with 
carbon black, giving it the possibility to become a one-component solution. 
 
2.2  Case study: Production of cylindrical inline drip laterals at Nile Drip, 

Egypt 
 
Nile Drip is one of Egypt’s biggest drip lateral manufacturers and irrigation solution 
suppliers. Their cylindrical inline drip laterals was previously produced from a blend of 
LDPE, HDPE, LLDPE; additives such as carbon black master batch and polymer 
processing aids. Due to the difference in the availability of materials locally and the 
high raw material demand during the peak season, the consistency in the quality of 
the end product often suffered and more scrap was generated.  
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Converting to AquilityTM allowed them to successfully use one material for their 
production. The processing temperatures could be lowered by 30-40oC, which 
resulted in energy savings and minimized polymer degradation when temperatures 
are raised higher to homogenize the blends. Another observed benefit after switching 
to AquilityTM was a 15% increase in the extrusion speeds.  
 
Nile Drip General Manager, Mr Hesham El-Sayed, summarizes the benefits as 
follows: “We are very pleased with the performance of AquilityTM LE3406 after we first 
started using it in December 2012. We have seen how versatile the material can be 
and also how it contributed to improving the consistency of our quality while 
significantly simplifying production. It will play a key role in supporting our plans for 
growth in the sector.” 
 

 
 

Figure 1. Cylindrical drip laterals from Nile Drip made from AquilityTM. 
 
2.3  Case study: Reducing cost of drip laterals to encourage adoption without 

subsidy, Kothari Agritech, India 

 
India is a predominantly agrarian society relying on farming to feed its population and 
provide employment. Sugar cane is an important cash crop grown by 60 million 
farmers there. Being a member of the grass family, sugar cane is relatively easy to 
grow but it requires at least 60cm of water during the season. Most farmers still use 
traditional flood or channel irrigation and to encourage the adoption of drip systems, 
these need to be more affordable. 
 
Kothari Agritech, Solapur, produced their 20mm flat drip laterals using AquilityTM 
LE3406 on their latest high speed production lines from Kabra Extrusiontechnik. 
Switching from their usual blends to AquilityTMresulted in immediate logistics savings 
and processing efficiency gains. To achieve further savings, Kothari invested in these 
high speed machines that allow lateral thickness to go down to 0.3mm while 
achieving line speeds up to 180 m/min.  
 
In India, under the subsidy scheme, a farmer has to buy inline drip laterals of class 2 
with a thickness of 0.7 to 0.9mm. Farmers with bigger land holdings cannot get 
subsidy for area larger than 5 Ha. Insuch cases, the farmers would like to look for 
suitable alternatives to avoid higher initial investment. The thin wall inline is a very 
good option with low initial cost and minimum 3 years durability. Even a marginal 
income farmer can now opt for this low cost but efficient system. From a pipe 
manufacturer point of view, cost amortization is also better with a pipe of lower 
thickness that can be produced at a higher speed (e.g. running at 150m/min instead 
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of 110m/min) provided the resin supports high speed extrusion. The result is a pipe 
that is cheaper for a farmer to buy even without subsidy. 
 
Kothari’s 20mm – 2 liters per hour laterals produced from AquilityTM LE3406 has been 
tried by local farmer Rajanji Patil who was able to increase his planting acreage from 
16 to 40Ha using the available water. His yield increased from 125 to 188 tons per 
hectare after the adoption of drip irrigation which at market prices then meant that he 
can pay for his investment after only a few months. The superior carbon black 
dispersion in AquilityTM better protects the laterals against UV radiation, giving it an 
estimated life of at least 12 years – making it a worthwhile investment for the farmer. 
 

 
 

Figure 2. Sugar cane with the 20mm flat drip laterals made from AquilityTM. 
 
2.4 Case study: Greening the desert in Abu Dhabi, U.A.E. 

 
Abu Dhabi has planted more than 14 million trees in 250,000 hectares of forest, 
irrigated from 5,651 wells by a network of 55,000km of irrigation pipes. One of the 
companies charged with managing these areas is Barari Forest Management. These 
forests provide an effective screen against sandstorms and dune invasion of roads, 
agricultural holdings and populated areas. They also provide shelter and fodder for 
the wild animal cool down the environment especially in the hot summer months. 
 
Barari originally sourced their irrigation laterals externally but found that poor reliability 
resulted in many premature failures due to cracks. Due to the very hot climate, the 
irrigation networks cannot be turned off for repairs to be made. The remoteness also 
made maintenance impractical causing wastage of water. To improve upon the 
situation, Barari decided to start producing these laterals in-house. The ease of just 
using AquilityTM to produce the laterals helped the production team quickly set up and 
stabilize their extrusion line despite not having any prior manufacturing experience. 
 

 
 

Figure 3. Trees being moved to its final location in the desert. 
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After stabilizing production, management addressed their next goal of reducing the 
huge plastic waste from the failed laterals collected over the years. Together with the 
Borouge Innovation Center Abu Dhabi, a study was made to determine if controlled 
amounts of recyclate from the collected waste could be re-used in producing laterals 
meant for areas with easier access (Lou, Nikhade et al. PPXVII 2014). The studies 
showed that up to 30% recyclate could be added to the AquilityTMvirgin material and 
still have adequate reliability, pipe flexibility, tensile stress and elongation. 
 
In the superior AquilityTM, a limited quantity of recyclate could be added during 
production without affecting its quality. Plastic waste material generated from Barari’s 
operations can thereforebe recycled and its environmental impact significantly 
reduced. 
 

3. WATER CONVEYANCE PIPES 
 
3.1  Valetta Irrigation Scheme, Canterbury, New Zealand 
 
Historically, the farms here have been supplied by open channels from a canal built in 
the early 20th century taking water from the Rangitata River. The open channel loses 
a large amount of water due to seepage and evaporation, which could be reduced by 
using a piped system. This caused an estimated water savings of 28% and enabled 
37% more land to be irrigated without increasing the water extraction. 
 
The Valetta Irrigation Scheme was designed to supply 45 farmers over 13,000 
hectares with water. The project utilized a mobile and temporary pipe extrusion plant 
to produce PE pipes close to the installation site. This enabled lengths of up to 250m 
of pipe to be extruded and transported the short distance to site – further reducing 
costs due to fewer pipe welds and faster installation. Over 84 km of PE pipes from 
200-1600mm diameter were used. The manufacture and use of 1600mm diameter PE 
pipe in New Zealand was the first of its kind at that time. 
 
To minimize the environment impact and increase pipeline reliability, the 
BorSafeTMHSCR PE100 material was selected. This is more resistant to scratches 
and gouges and allowed the project to use the same excavated soil, as long as it was 
screened to remove stones, as pipe bedding material – saving the cost of purchasing 
and transporting imported bedding material used in standard pipe laying procedures. 
This eliminated the need to dispose the excavated soil – significantly reducing the 
environmental impact. The weldable nature of PE further ensures a continuous, end 
load resistant leak-free network. 
 
The design of the HSCR PE100 material features longer and more entangled polymer 
chains that significantly slows the crack growth in the material matrix thus allowing PE 
pipes with scratches and gouges to be used almost 10 times longer. The factor of 
safety of a PE pipeline made from this material is significantly higher than normal 
PE100 if all factors remain the same. 
 
These new materials make challenging water conveyance projects more economical 
and environment-friendly while providing a higher level of reliability to secure the 
precious water resources. 
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3.2  Water & irrigation systems over Mount Guanyin, Taiwan 
 
Following the huge destruction caused by Typhoon Soulik in July 2013, important 
irrigation channels feeding the farming areas around the mountain were destroyed. 
The local government thus set up a project to install new water pipelines to the 
agricultural communities around Mount Guanyin.  
 
As the terrain is remote, rocky and prone to flooding, an innovative solution to 
suspend the pipes on cables was used. To provide additional security, the local pipe 
manufacturer selected the HSCR PE100 as there was risk of scratches on the pipes 
due to the rocky surrounding. The manufacturer had previous experience with using 
this material and was keen to use it for this challenging project. The estimated 7km 
PE pipes ranging from 63-200mm diameter used in this project will be less vulnerable 
to crack from external scores and notches that can arise on an exposed pipeline. 
 

 
 

Figure 4. The 1600mm diameter HSCR PE100 pipeline before being installed 

 
 
Figure 5.  Installing the pipeline suspended from a cable over the Rocky River bed 

on Mount Guanyin 
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4. ITALIAN STUDY 
 
A study by Professor Alessandro Marangoni, of Bocconi University (Marangoni et al. 
Althesys Consulting 2011) was partly funded by Borealis in 2011, a 50% owner of 
Borouge, to define the cost and environmental benefits of using modern irrigation 
systems in Italy. These same arguments apply in many countries around the world 
and the model can be used to demonstrate the greater water efficiency and financial 
benefits from the use of modern irrigation systems. 
 
The study found that adopting modern irrigation systems and policies could bring Italy 
benefits of up to EUR 17.3 billion over a 30 year period. The research was developed 
through the analysis of practices in four critical areas: irrigation methods (drip 
irrigation and micro irrigation versus standard sprinkler systems), management 
models (information services for farmers), new technologies (automated delivery 
systems) and irrigation networks (replacement of open channels with conduits and 
repairing existing ones). 
 

 
Figure 6. Table showing estimated savings in four critical areas in the study 

 

5. CONCLUSION 
 
Newer types of polyethylene pipe materials available today enable further 
improvements in proven solutions like drip irrigation systems and increase the viability 
of cost effective water distribution and conveyance systems which are 
environmentally friendly as well. 
 
It is hoped that these case studies can serve as a catalyst to encourage similar 
developments around the world to help achieve the aim of producing more food for 
the growing population while minimizing the impact on the limited water resources. 
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