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About Borealis
Borealis is a leading provider of innovative, value creating plastics
solutions. With more than 40 years of experience in polyolefins and
using our unique Borstar® technology, we focus on the infrastructure,
automotive and advanced packaging markets across Europe, the Middle
East and Asia, through Borouge, our joint venture with the Abu Dhabi
National Oil Company (ADNOC). Our production facilities, innovation
centres and service centres work with customers in more than 120
countries to provide materials that make an essential contribution to
society and sustainable development. We are committed to the principles
of Responsible Care ® and to leading the way in ‘Shaping the Future with
Plastics’™.
Borealis is owned 64 % by the International Petroleum Investment
Company (IPIC) of Abu Dhabi and 36 % by OMV, the Austrian oil and
natural gas group. With EUR 5.7 billion revenue in sales in 2006 and

4,500 employees, the company is headquartered in Vienna and has
manufacturing operations in Austria, Brazil, Belgium, Finland, Germany,
Italy, Sweden and the United States. Borealis also has two innovation
centres and customer service centres across Europe.
The company’s main products are polyolefins and it produces also
nutrients and base chemicals such as melamine, hydrocarbons, phenol
and acetone.
Learn more about us at
www.borealisgroup.com

Picture 1: Pipelife Norge project,
by courtesy of Pipelife Norge

Picture 2: Borealis Borstar® plant
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PE Pipes – for water distribution
systems
“Unlike energy, there is no alternative source to water”
by the World Business Council for Sustainable Development (WBCSD), Water Scenarios 2006
1995

Alongside climate change, the availability
of fresh water is the most crucial challenge
our world is facing. Unlike energy, there is
no alternative source for water. More than
one billion people don’t have access yet to
fresh water and 2 billion people lack proper
sanitation. Over the next 20 years, the
average per capita supply of water worldwide
is expected to drop by one third.
Water is far too precious to waste, so it
is essential to have distributions systems
that ensure absolute minimum losses in
transit throughout a long service life. It is
widely recognised that polyethylene (PE)
pipes have a valuable role to play in meeting
this objective, both for new systems in
developing countries and for renovation of

2025

By courtesy of World Business Council for Sustainable Development (WBCSD)

existing systems in the developed world,
many of which are old and leaking water at an
unsustainably high rate.
As a world leader in plastic solutions
for water pipe infrastructure, Borealis
is committed to take up the challenge.
We believe that by fostering knowledge
and partnership across our value chain,
sustainable solutions can be delivered for the
availability of fresh water.
Examples of our active involvment include our
Figure 1: World map of countries suffering from
fresh water stress, 1995 and 2025 forecast

membership to the Water Project Group of
the World Business Council for Sustainable Development (WBCSD) and to the
Water and Sanitation for the Urban Poor (WSUP) organisation. Borealis is also
a co-founder of the Stockholm Water Prize, awarded during the annual World

For more information:
www.wbcsd.org
www.wsup.com
www.worldwaterweek.org

Water Week which is organised by the Stockholm International Water Institute.
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Section heading
10 good reasons why PE water pipe systems
provide a superior solution:
1. PE pipes are corrosion-free, with the lowest rate of water leakage
of any material

2. Leak-tight fusion welded joints can even resist earth movement
due to earthquakes

3. PE pipes are flexible and tough, ensuring highest durability and a
long service life at low maintenance costs

4. Wide product range offering pressure ratings up to 25 bars and pipe
diameters from 20 to 2,000 mm

5. Well adapted to cost-saving modern trenchless installation
techniques, and to renovation of old pipe networks

6. Succesful track record of almost 50 years
7. PE, as a material, is neutral towards water; the organoleptic
properties of BorSafe pipe grades are regularly checked and audited

8. The light weight of PE pipes makes them easy to transport and
install, reducing the overall installation cost

9. Environmentally friendly: low energy consumptions and low CO2
emissions over their life-cycle. PE is easy to recycle and can be
converted into energy at the end of its service life

10. Innovative mindset has allowed constant improvement of the PE
materials and pipe solutions
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PE Pipes – a developing
success story
Since the first production of PE pressure pipes almost 50 years ago, the use
of PE for drinking water has continuously grown.

Figure 2: % Share of km by material for drinking water distribution systems in Europe (all diameters)
Source: AMI

Polyethylene (PE) materials are produced by the polymerisation of ethylene
which is obtained from oil. PE describes a family of polymers ranging from
low density to high density materials, each with different performance
characteristics. The first commercial pipe materials were produced in the

1950s but these are very different to the high performance polymers of today.
High quality PE compounds suitable for water pipe manufacture are produced
by combining all the necessary additives with the polymer powder in a very
controlled manner. The additives protect the polymer from degradation during
manufacture and its service lifetime. The compounds are then rigorously
tested by the raw material producer against the specification requirements.
All PE materials are thermoplastic, which means that they soften when
heated above a critical temperature. Once heated, the material can be readily
reformed into another shape. This makes the material ideal for pipe and fitting
production and for fusion welding in the pipeline.
PE materials have been progressively improved throughout the last 30 years.
This has given a growing confidence to water engineers to use PE pipes at
ever higher operating pressures. In particular, improving the resistance of the
material to Slow Crack Growth enables the pipes to withstand higher levels of
installation damage, and thus improves their durability. This has allowed many
new installation techniques to be utilised.
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According to the ISO 12162, PE materials are designed to meet the defined
strength values for a minimum lifetime of 50 years at 20°C (table 1).
In addition the material must meet all the other criteria laid down in the
specifications ISO 4427 or EN 12201. It is to be noted that all BorSafe
materials can fulfil the classification with a calculation based on > 100 years.
Classification to ISO 12162

MRS value

50 year/20°C strength values

PE63

6.3

Above 6.3 MPa - less than 7.99 MPa

PE80

8.0

Above 8 MPa - less than 9.99 MPa

PE100

10.0

Above 10 MPa

Table 1: Classification for PE material

Today in the water industry, medium density PE80 materials are used for
small diameter pipes where coilability and flexibility provide the greatest
benefits. Because of its higher strength PE100 material is usually chosen for
larger diameter pipes. This enables thinner walled pipes to be used for a given
pressure rating (table 2).
Classification to ISO 12162

Pressure (bar)
SDR 11

Pressure (bar)
SDR 17

Pressure (bar)
SDR 26

Pressure (bar)
SDR 33

PE80

12.5

8.0

5.0

4.0

PE100

16.0

10.0

6.0

5.0

Table 2: Water pressure rating of PE pipes

The maximum operating pressure can be calculated
from the minimum 50 year design strength, the pipe
wall thickness (or SDR) and the design coefficient. For
water the minimum design coefficient is 1.25 and the
commonly used systems are given in the table 2.

Figure 3: Extrapolation of pressure test
data to calculate 50 year design strength
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BorSafe™ – protecting your
future
Borealis provides a complete range of materials for the water industry, from
PE and PEX compounds for water distribution pipes to special pipe coating
packages for steel pipelines.
BorSafe is our new brand name for all PE pressure grades.
For drinking water systems, it reflects our strong commitment to contributing
to a better availability of drinking water.
With BorSafe materials, we are developing innovative solutions contributing
to improve the quality, the reliability and durability of the water distribution
systems.
We continuously improve the performance of our materials based on
feedback from pipe producers, installers and network managers and owners.
The overall aim is to provide materials that offer cost-effective solutions to
real pipeline problems, and ever greater reliability.
BorSafe grades produced with our proprietary Borstar PE technology, open up
new opportunities for converters and provides even better pipe performance.
Furthermore, BorSafe brings unsurpassed benefits to every party involved in the
value chain, from producer to consumer.

BorSafe, benefiting the whole value chain
• The pipe producer
– consistent quality
– innovative products
– more value to pipe solutions
• The installer
– ease of installation
– lower installation cost
– reliable welding and joints
• The infrastructure owner
– high safety of assets
– low maintenance
– long lifetime
– peace of mind
• The consumer
– protection of the precious fluid
– less leakage and spoilage
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The Borstar® technology
means better processing and
mechanical properties
BorSafe grades are produced with the advanced Borstar technology.
Borstar technology has been developed by Borealis and is unique to the
company and its worldwide partners. Borstar plants are in operation in
Europe, the Middle East and China.
The Borstar process is extremely flexible and produces bimodal materials with
improved processing characteristics and mechanical properties. This is because
the process takes place in two reactors - separated by flash evaporation
which removes all the unreacted hydrocarbons. The polymer particles grow in
both reactors on the same catalyst particle, thus forming an interpenetrating
molecular network of low and high molecular weight polymer chains.
For BorSafe bimodal polymers the low molecular weight materials are formed
in the loop reactor and the higher molecular weight materials in the gas phase
reactor. The low molecular weight polymer provides the lubrication required
in processing whilst the higher molecular weight materials provide the
mechanical strength of the material.
The separate control of the two reactors enables the molecular weight
distribution of the final material to be engineered to provide the desired
balance of processing and end use properties. For example, the Borstar
process makes it possible to improve both processing performance and the
Slow Crack Growth resistance of the material.

Figure 4: The Borstar bimodal process
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BorSafe PE80 pipe materials
for water distribution
For smaller sizes, pipes are generally coiled in long lengths. Medium density
PE80 materials with superior flexibility are then the preferred choice,
providing storage and installation benefits. Borealis now brings the benefits
of the bimodal process to this family of materials, allowing them to be
engineered to meet higher targets.
The table shows the range of BorSafe PE80 materials available from Borealis.
Grade

Colour

Material type / Classification

BorSafe ME3444

Blue

Bimodal medium density PE80

BorSafe ME3440

Black

Bimodal medium density PE80

Table 3: BorSafe PE80 grades

Improved process efficiency
In producing the medium density BorSafe PE80 material, the viscosity of the
material at processing shear rates has been reduced, resulting in increased
process efficiency as demonstrated in extensive processing trials.
In extrusion trials on two different machines, output rates were increased
by 10% (figure 5 ). A similar 10 % increase in mould filling capacity was
demonstrated in spiral flow tests carried out at two different injection
pressures.
These improvements in process efficiency offer direct benefits to the pipe
and fitting producers in the form of reduced costs and increased effective
plant capacity.

Figure 5: Higher output with BorSafe ME3440
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Improved mechanical properties
The ‘tailored’ molecular weight distribution also provides improvements to
the Slow Crack Growth (SCG) resistance and Rapid Crack Propagation (RCP)
resistance, the two key properties that define the reliability of polyethylene
systems.
The SCG resistance of the material is the best measure of the actual lifetime
of the pipe and of its tolerance to installation defects. This property is usually
measured in the notched pipe test. For the new BorSafe grades the SCG
resistance has been increased fourfold compared to most unimodal materials
and is now forty times the minimum specified in the standards (figure 6 ).

Figure 6: Superior Slow Crack Growth resistance of BorSafe ME3440

Another key property of PE pipe materials, their resistance to Rapid Crack
Propagation (RCP), has also been substantially improved. The results in
both the Full Scale test and the S 4 test (Small - Scale Steady - State) are
outperforming the values traditionally obtained with the previous generation
of medium density PE80.
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BorSafe PE100 pipe materials
for water distribution
As a consequence of their success, PE pipes are more and more widely used
in an increasing variety of applications and conditions. As all situations are
not the same, Borealis has developed a complete range of PE100 solutions,
tailor-made to offer the best possible options for long-term performance.

Grade

Colour

Description

Main application field

BorSafe-LS versatile grades

BorSafe HE3490-LS

Black

Standard PE100, low sag properties

PE100 pressure pipes from DN63 to DN2000

BorSafe HE3494-LS

Blue

Standard PE100, low sag properties

PE100 pressure pipes from DN63 to DN2000

BorSafe-LS-H grades for demanding installation conditions

BorSafe HE3490-LS-H

Black

High stress crack resistance grade,
low-sag properties

PE100 pipes, demanding installation conditions

BorSafe HE3494-LS-H

Blue

High stress crack resistance grade,
low-sag properties

PE100 pipes, demanding installation conditions

High flow injection moulding grade

PE100 fittings

BorSafe-IM pressure fitting grade

BorSafe HE3490-IM

Black

Table 4: BorSafe PE100 pipe materials
LS= Low Sag
H= based on hexene technology
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BorSafe-LS – the versatile pipe
materials

Figure 7: Viscosity curve for BorSafe HE3490-LS and HE3490

BorSafe-LS grades have been designed for standard installation techniques,
while still exceeding the stringent performance requirements of the PE100 +
Association. They also offer the best low sag extrusion performance on the
market. As processing characteristics are unaltered, all sizes of pipe, from

20 mm to 2,000 mm, can be produced from the same material, thereby
simplifying operations for pipe producers.
The Low Sag properties and resulting lower variation in pipe wall thickness
also provide both the pipe producer and contractor with a number of benefits.
Benefits for the pipe producer:
• Higher output rates and quicker start up times –> lower cost
• Simpler set up procedure and less scrap produced –> lower cost
• Simpler logistics and lower stocks (one material for all pipe dimensions)
Benefits for the installer & operator
• Simpler and higher quality butt welding –> lower cost
–> safer networks
Large diameter, thick walled pipes – now a practical proposition with
BorSafe-LS materials
Large diameter, thick walled PE pipe has always been difficult to process
due to material sagging, i.e. flow of material to the bottom of the pipe before
it has cooled down and solidified sufficiently. This can be corrected to some
extent by offsetting the die but this takes time and always leads to the use of
additional material.
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In BorSafe-LS (Low Sag) materials the molecular weight distribution has been
adjusted to increase the viscosity of the material at low shear rates (figure 7)
whilst maintaining the same viscosity at normal processing shear rates. This
reduces the tendency for the material to sag and makes large diameter, thick
walled pipe a practical proposition.
This is easily demonstrated using a melt flow indicator and allowing the material
to flow freely through the orifice – using BorSafe-LS materials this flow rate is
reduced by an order of magnitude.
Many large diameter thick walled pipes have already been manufactured
from BorSafe-LS materials, with wall thicknesses of up to more than

100 mm. We are proud to say that our grades have contributed to extend the
PE pipe scope to new projects.
Mechanical properties far above specification requirements
Whilst the processing characteristics have been changed, the mechanical
properties of the material have also been improved.
Stress crack resistance levels in the notched pipe test consistently exceed the
requirements of the relevant EN and ISO standards by several factors. This
gives pipes made from this material a much greater tolerance to the cuts and
gouges suffered by the pipe during handling and installation. RCP resistance
is also well above the specification requirements, again providing even higher
levels of safety.
Borealis is a founding member of the PE100 + association.
BorSafe HE3490 -LS and BorSafe HE3494 -LS have been consistently part of
the PE100 + Quality Material List since its origin.
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BorSafe-LS-H – the new PE100
materials for demanding
installation conditions
Some of the major benefits of using PE pipes are to be achieved in installation.
But these techniques are becoming increasingly demanding on the pipe,
creating the need for a new generation of materials.
When pipes are subjected to external damage during installation, which is
likely to occur in e.g. directional drilling or pipe bursting, it is essential that the
pipe material has a high resistance to stress cracking from the grooves and
notches created. Similarly if pipes are laid in rocky conditions, high stresses
can build up on the bore of the pipe which over time can lead to crack
development and ultimately pipe failure.
The superior resistance to Slow Crack Growth of BorSafe HE3490 -LS-H and
BorSafe HE3494 -LS-H makes them materials of choice for water engineers
to overcome demanding installation
conditions. For example, pipes made
from BorSafe HE3490 -LS-H have
passed 18,000 hours in the Notch Pipe
Test (NPT), more than 100 times the
current requirements of the European
standards for PE drinking water pipe
systems.
They also exceed by far the stringent

New hexene platform boosts performance
of PE100 water pipe products
A number of grades have been recently
introduced as a result of Borealis’ continuing development programme to meet the
demands of specific processing, installation
or end user needs. The products presented in
these two pages are those that are relevant
to water distribution products.

German requirements for so called
VRC (Very Resistant to Crack )
materials used for sandless bedding installation.
Pipes made out of these grades, in full-wall pipe or as inner or outer layer of
multilayer-construction, will then be protected against failure and show higher
durability.
As indicated by the ‘LS’ in their names, these two grades also benefit from
outstanding Low Sag properties, making them suitable for large wall pipe
extrusion. Typical material properties are shown in figure 8.

Figure 8: Typical properties of
BorSafe-LS-H materials
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BorSafe-IM – for injection
moulding of pressure fittings
When PE100 materials were first introduced, fitting
manufacturers were enthusiastic about making
a matching range of injection moulded fittings.
However the task of producing high quality fittings
in tools designed for the much more easily flowing
MDPE materials proved to be very demanding.
Today, manufacturers still struggle to maintain the
balance between dimensions, surface finish and
mechanical strength and often have to concede
cycle time or additional inspection procedures
to succeed.

Figure 9: The effect of cycle time on

To address this need Borealis has
Several other specialist products are also in the
development pipeline and will be launched in
due course. In the development of these products, hexene co-monomer was used instead of
butene in the Borstar process.
Although hexene is more costly it extends
the performance envelope, enabling other
parameters such as flow properties to be
increased while still maintaining the high
performance requirements expected from a
BorSafe PE100 material.

production costs per fitting

developed BorSafe HE3490 -IM, a
new hexene-based BorSafe material
specifically designed for injection
moulding PE100 pressure fittings.
By combining the long-term strength
of BorSafe PE100 materials with
the improved flow characteristics
more often associated with MDPE
PE80 materials, a specialist injection
moulding material has been created.

Higher production rate, lower costs
The improved flow properties of BorSafe HE3490 -IM enable injection
temperatures to be reduced compared to other PE100 materials, allowing
manufacturers to produce fittings with lower internal stresses, less warpage and
an improved surface finish.
Because temperatures are lower, cooling times and overall moulding cycle
times can also be reduced. This means lower fittings costs and a higher
production capacity, which can be extremely useful at times of high demand.
Helping customers with CAED support
Borealis has extended its considerable expertise in using CAED techniques
to analyse the injection moulding process for the engineering polymers used
in automobiles and white goods components to the analysis of the moulding
of relatively thick walled PE pressure fittings.
This has helped a number of our customers to optimise their moulding
conditions and get the best out of the new material.

Figure 10: Computer aided design
modelising fitting
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Borcoat PE and PP products –
proven coating systems for
pipeline protection
Borealis also produces a wide range of specialist PE and PP coating systems
for high pressure steel pipelines under the name Borcoat. These products
have been used in many projects around the world both on land and offshore.
Grade selection is based on the specific operating conditions of the pipeline,
in particular the operating temperature. In general Borcoat PE systems
are used on pipelines operating from - 45ºC to + 90 ºC and Borcoat PP
systems at temperatures up to +110 ºC. For higher temperature offshore oil
projects special PP thermal insulation systems are available for operating
temperatures up to +140 ºC.
Selected Borcoat PE materials
Grade

Colour

Application

Borcoat HE3450

Black

Top layer - used up to 90°C

Borcoat HE3453

Natural

Colorable UV and thermal stabilised top-coat

Borcoat ME0420

Natural

Grafted adhesive for all PE systems - pellet

Borcoat ME0433

Natural

Grafted adhesive for all PE systems - powder

Borcoat PE systems

Table 5: Borcoat PE materials

Selected Borcoat PP materials
Grade

Colour

Application

Borcoat BB108E-1199

White

Top layer use up to 110°C. Offshore and onshore pipelines

Borcoat BB127E

Natural

Grafted adhesive for all PP systems, pellet and powder available

Borcoat GA700E-7032

Grey

Syntactic compound for thermal insulation

Borcoat BB700E-7032

Grey

Base for direct extrusion of syntactic compound

Borcoat PP systems

Table 6: Borcoat PP materials

Disclaimer The information contained herein
is to our knowledge accurate and reliable as
of the date of publication. Borealis extends no
warranties and makes no representations as to
the accuracy or completeness of the information
contained herein, and assumes no responsibility
regarding the consequences of its use or for any
printing errors. It is the customer’s responsibility
to inspect and test our products in order to satisfy
himself as to the suitability of the products for
the customer’s particular purpose. The customer
is also responsible for the appropriate, safe and
legal use, processing and handling of our products.
Nothing herein shall constitute any warranty
(express or implied, of merchantability, fitness for
a particular purpose, compliance with performance
indicators, conformity to samples or models,
non-infringement or otherwise), nor is protection
from any law or patent to be inferred. Insofar as
products supplied by Borealis or its subsidiary
companies are used in conjunction with third party
materials, it is the responsibility of the customer
to obtain all necessary information relating to the
third party materials and ensure that Borealis’
products when used together with these materials
are suitable for the customer’s particular purpose.
No liability can be accepted in respect of the use
of Borealis’ products in conjunction with other
materials. The information contained herein relates
exclusively to our products when not used in
conjunction with any third party materials.

Borealis Pipe Systems
Borealis is a leading global supplier of advanced polyolefin plastics solutions
for the pipe industry. Through more than 30 years of close dialogue with
customers and other stakeholders, we have developed a broad and
innovative product and service portfolio. The applications cover water and gas
distribution, waste and sewage disposal, chemical and industrial projects, inhouse plumbing and heating and oil & gas exploration and transportation.
Borealis believes that customer-driven innovation is the only way to
achieve and sustain progress. In the pipe industry, Borealis has pioneered
the development of stiff PP grades for sewage and storm water pipes
(BorECO™) and ‘low sag’ PE grades for large diameter PE pipes (BorSafe™).
In hot and cold water systems the widest range of PEX and PPR materials
(including BorPEX™ and the new Beta-PPR™) provide plastics solutions in
virtually all European plumbing and heating markets.
Steel pipe coating solutions are also addressed with the widest range of PE
and PP materials and adhesives (Borcoat™), which have been used in many
of the world’s largest oil and gas pipeline projects.
Through foresight and focus on customer needs, Borealis continues to
provide innovative solutions for the pipe and fittings industry that add real
value throughout the value chain.

Borstar is a registered trademark of Borealis A/S.
BorSafe, Borcoat, BorPEX, BorECO, Beta-PPR and
Shaping the Future with Plastics are trademarks of
Borealis A/S.

We also know the high value that our customers in the pipe and fittings
industry place on product consistency and processability. We pride ourselves
on the performance of our products, and through ongoing investment in
upgrades and new plant programmes, we continue to set new records for
output efficiency and product reliability.
Borealis believes that responsiveness is the
foundation of fruitful customer partnerships.
We ensure this through highly skilled and
experienced technical, marketing and product
development people, located in Borealis hubs
across Europe: Central Europe, Scandinavia
and Finland. In addition we have a strong sales
force around Europe and close cooperation
with our joint venture Borouge in the Middle
East and Asia.
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For more information:
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