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Foreword - First global overview of the PEX-Market

KWD-globalpipe, 2009-02-04. These are uncertain times in the heating and plumbing pipe in dustry
not only because of the current financial and economic crisis.

After plastic and composite pipe  have captured significant market share from metal pipe  (primarily
copper pipe) over the past decades, today increasing concerns are noticeable as to the compatibility
of plastic pipe to potable water additives that have not been used before (chlorine etc.). Rehau exit-
ing the PE-Xa (Engel method) tap pipe business in North America is only one example in this context.
And there is the all important question: Which composite pipe system is both safe and econom ic
for which type of piping . The “Leak-proof only after pressing’-fittings designation (“Piss Fittings”) is
more a visual aspect and a marketing tool than a real innovation, quite to the contrary, in some cases
pressing weakens the entire system.

With the market introduction of composite pipe systems material combinations of PE-X / Aluminum
/ PE-X or PE-RT / Aluminum /PE-RT have prevailed. Besides, many other hybrid type combinations
exist, i.e. composite pipe with PE-Xa or PE-Xc inliners and outer PE-Xb or HDPE layers.

Thus, you will find in this KWD market report “PE-X and PE-RT Heating & Plumbin g Pipes World-
wide 2009” many companies processing significant amounts of PE-Xb material even though these
companies don’t supply PE-Xb pipes. The reason is that composite pipes are always categorized ac-
cording to the inliner material , for example composite pipes are labeled as PE-Xc pipe even though
the outer layer is made of PE-Xb.

As for material quantities processed by each pipe manufacturer, the numbers for the last two months of
2008 could not always be included. For 2009, it seems to be relatively certain that the processed
guantities will decrease by approximately 20-30% compared to 2008 (depending on the market,
numbers vary between 15% and 40%, raw material suppliers estimate a decline of 30%).

Some data, i.e. for companies in East Asia, South East Asia, India, etc. are based on estimates pro-
vided by market participants. Despite that we have been urged to include these companies in our re-
port.

In the end, it is difficult to calculate the weight of the material (tons) based on kilometers of pipe
manufactured. Only rough estimates can be given because each pipe manufacturer uses its own mate-
rial specifications for composite pipe.

Some trends begin to show . For one, the renaissance of plain PE-Xa pipe for under floor heating
applications , and also of PE-X pipe (both plain plastic and composite) in Eastern Europe and Asia.

Winfried Hamich (winfried.hamich@kwd-online.de) and Jutta Hix (hix@kwd-online.de).

You will find in this KWD market report many companies processing significant amounts of
PE-Xb material even though these companies don't supply PE-Xb pipes. The reason is that com-
posite pipes are always categorized according to the inliner material , for example composite
pipes are labeled as PE-Xc pipe even though the outer layer is made of PE-Xb.

Please find examples to all chapters of the KWD-Market Report “PEX and PE-RT Heating & Plumbing
Pipes worldwide 2009” on the following pages:

Chapter 1. (Cross Linking Methods — a brief Introdu  ction) and chapter Il. (Production of PE-X
pipes and piping systems) are

- explaining the production methods

- telling Pros and Cons

- giving an overview about production layouts



Examples of Chapter I. and Il:

FEX { PE-RT Report Worldwide 2009 Page & wannay lowrd-globalpipe.com

turers have begun to cress-link the finished multilayer while they used to cross-link the inliner before
wirapping the aluminium around.

Apart from the high investment cost this method can only be used for sizes up to 32 mm. \While larger
sizes still have to be cross-linked before being turned into multilayer.

In principle there are the following po ssibilities of cross-linking:

a) E-beam of PE or composite pipes (single-layver or multi-layer): Cross-linking is done by rewind-
ing the pipe on a second empty drurm after it has been fed through an e-beam unit (fram drum to
drum). It is limited by the winding parameters and only be used for sizes up to 50 mm (for eco-
Nnomic reasons).

Advantage: profitable cross-linking costs
Disadvantage: downstream manufacturing from the drum

b} E-beam of coiled bhundles, single-layer or multi-layer; Disadvantagous are the are the variation
of degree of cross-linking and it can only limit for sizes up to 20 mm.

t) Cross-linking of inliner for composite pipes from drum to drum, only for sizes up to 32 mm (pro-
helms of oval pipes by winding bigger sizes). For higoer sizes e-beam of composite pipes from
sizes up to 110 mm (diameter) and to 12 m length - expensive method. Practised only for sizes
up ta 75 mm (diameter) and 6 m length.

Occasional total perforations are detected by blowing helium through the pipe, a method used by baoth

Hewing and Studer.

In Europe, cross-linking for P&H pipes is done by

- Hewing /D (Fipe production and crosslinking)

- Huber+Suhner ICH (Former Fipe production and crosslinking, today crosslinking in other areas).
- Acome [F (Fipe production and crosslinking)

- Leoni-Studer ICH (Crosslinking for other Pipe producing companies)

- Leoni-Studer /D, Bautzen plant (Crosslinking for ather Pipe producing companies)

- BGSID,Brif

- BGSID,Br| 1. Pros and Cons of PE-X piping svstems

- Zion Cable ) ) _ . _

- Golan Plas{ Like all other materials PE-X offers advantages and disadvantages during the extrusion process and as
- Gamma Sel Piping system. Major characteristics of all three PE-X pipe types and PE-X pipe production processes
- Henco /B (H aredescribed below:

a) PE-Xa processing
Pros

— Single-step production process. Cross-linking is done directhy during the extrusion process by
means of peroxide, which decomposes at a certain temperature, setting free radicals which then
trigger the cross-linking process.

— For heating pipe a diffusion barrier coating can be applied directly onto the pipe during the ex-
trusion process. Thase pipes are ready to ship (applies only to heating pipe, drinking water pipe
must be tempered / scoured out to remove valatile cross-linking derivates).

— Quality management for single-step processes is generally easier to plan and conduct than for
miulti-stage processes (hoth inline and offling in a |akh). Thus, internal testing costs are lower,

Cons

— Sensitve process in temrms of compounds used and therefare extensive processing know-hoey
and experience required.

— Standard PE-Xa extrusion lines encompass twin-screw extruder, gravimetric dosing, mixing unit
and infrared oven for cross-linking. All units have an effect on manufacturing costs in terms of
initial investment and energy consumption.

—  Relatively slow process, all melt parameters need to be monitored precisely.

— Starage and handling of raw material, especially of peroxide, is strictly regulated. Investments in
adequate storage facilities need to be keptin mind.

— Qutput rate and operating time of processing unit and extrusion die are relatively low, extruder
and dies need to be cleaned completely at short intervals, dies need a newy Teflon coating in
addition. Downtime needs to be calculated for the manufacturing costs.

— In case of an unexpected or unscheduled extruder breakdown, e.g. induced by a power outage,
both extruder and extrusion die have to be dismantled and cleaned immediately to avoid mate-
rial cross-linking in the processing unit. Processers located in countries with insufficient electri-
cal powier supply should thus be prepared for such incidents.

— For drinking water applications, in many countries the pipe must be tempered / scoured out after
extrusion ta remove valatile cross-linking derivates in order to comply with organoleptic require-
ments.

— Production scrap cannot be recycled.
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3. Preconditions for the production of the different PE-X pipe types 2.a) to 2.c)

PE-Xa pipe production lines for potable water and heating pipes (output / prices / length)

Equipment name

low output
up to 60 kg'h

normal out-
length| putupto &3 | length | high output | length
inm kg/h inm | over 100 kg/h [ inm

Fos. 1 Twinscrew extruder
Pos. 2 | Pipe extrusion head
Pos. 3 | Material dosing / mixing
Pos. 4 | IR crogslinking unit
Foz. & | Vakuumtank (B m)
FPos. B | Measuring WT & 0D Please find this
Pog. 7 | Cooling tank Na. 1 (8 m) . . .
Fos. 8 | Coextrusion EVOH information in-our
Pos. 8 | Coextusgion head market study
Pog. 10 | Cooling tank Na. 2 (5 m)
Fos. 11 | Cooling tank Na. 3 (B m)
FPog. 12 | Pipe dryer
Fos. 13 | Continuous ink jet) printer
Pos. 14 | Haul off
Poz. 15 | Cutter
Foz. 16 | manual pipecailar
FPoz. 17 | scour oot equipment
In total:
also for:

- PE-Xb pipe production lines for potable water and heating pipes (output / prices / length)
- PE-Xc pipe production lines for potable water and heating pipes (output / prices / length)

Chapter Il (PEX and PE-RT Markets Worldwide) gives  an overview of PEX and PE-RT pipe pro-
duction worldwide in tons.
- published are the production quantities 2008, sorted by PE-Xa, PE-Xb, PE-xc and PE-RT
- the figures are published by companies and sorted by countries
- with many graphics (the most important producers or countries / Regions worldwide ...)
- and much more interesting information about the PEX and PE-RT Markets

other charts and graphics in this chapter:

- Inliner Material in important Multilayer Pipe Producers 2007 (in million metres)

- PEX and PE-RT total amount Heating&Plumbing Pipe-Systems 2008 worldwide (in tons)
- PEX + PE-RT in Heating & Plumbing Pipe-Systems Europe 2002 / 2004 / 2008 (in tons)
- PEX-Pipes North-America 2004-2007 (in tons and million metres)

- PE-Xb Compounds in Heating &Plumbing Systems , USA 2008 (in tons)

- Market Shares PEX-System companies in North-America 2008 (in tons)

- North American-Market PEX-Pipes 2004-2007 (in million metres)

- USA Housing Starts 1990 — 2008: One Unit / 2-4 Units / 5+ Units (in 1000 Units) )

- USA: Housing Starts, Hydronic Radiant Tubing and Electric cables 1991 — 2007

- PE-Xb Compounds for Heating & Plumbing Pipes worldwide 2008 (in tons)

- PEX and PE-RT Pipes in Heating & Plumbing-Systems /Europe 2004 — 2008 (in million metres)
- Trends in the European Heating Market



Countries and Regions worldwide:

A. EUROPE

Austria
Belgium
Czech
France
Germany
Greece
Hungaria
Irland
Italy
Poland
Portugal
Romania
Spain
Sweden
Switzerland
UK

B. EASTERN-EUROPE (except EU)

Russia
Ukraine

C. NORTH-AMERICA

Canada
Mexico
USA

D. SOUTH-AMERICA

Argentina
Chile

E. ASIA/ PACIFIC

China
India
Korea

F. MIDDLE EAST / ARABIA / NORTH-
AFRICA

Iran
Israel
Palestine
Jordan
Maroc
Qatar
Syria
Tunisia
Turkey
UAE
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Examples of charts and graphics (Chapter Il1):

I PEX and PE-RT Markets Worldwide

PE-Xa Heating & Plumbing Pipe-Svstems, Worldwide 2008 (in tons)

The rise of PE-Xa in the USA is very special and closely connected to the extraordinary marketing
efforts by WIRSBO when they first conguered a market share for the hitherto unknown PEX pipes
against the hitter resistance by the copper industry. In those days Wirsho's Temas Lenman was Amer-
ica's Mr. PEX and he later called his own company the same name. Another worthy achievement of
Wirsho's s the change of the pipe market in Maorth America into a market far systems, later helped by

smaller but nifty rivals.

Taoday, the PEX market in the States iz mare inclined towards PE-Xb where Viega (“anguard), for
instance, have managed to a) Single PEX-Pipe; b) Two Layer PEX Fipe (Wanex Ultra).

Quantity PE-Xa = PE-Xa Fipes

+ Multilayer Fipes with PE-Xa Inliner
+ M Fipes with Outer Layer of FE-Xa

A. EUROPE 2008 in tons
Country Company PE-¥a
Germany Frankische
Germany Rehau
Germany =chitz
Sermany Total
Please find this
Partugal Duofi information in our
Fortugal Total market study
Spain Blansal f Tubesil (Barbi Group)
Spain Uponar

Spain Total

Worldwide 2008: Quantities PE-Xa Pipe Producers (i

(C) KWD-globalpipe 2009
0%
0%
North-
America
29%

Europe
61%

n%)

@ Europe

m Eastern-Europe

00 North-America

O Soutch-America

m Asia/Pacific

@ Middle East /Arabia /North
Africa




USA: Housing Starts, Hydronic Radiant Tubing and Ekctric cables 1991 — 2007

Housing Starts |Hydronic Hydronic Electric
(in Units) (in 100 metres) | (linear feet) (square feet)
1991 1.013.900 72.659 23.838.210
1992 1.199.700 90.901 29.823.280
1993 1.287.600 120.132 39.413.230
1994 1.457.000 149.362 49.003.180
1995 1.354.100 185.704 60.926.540
1996 1.476.800 216.809 71.131.710
1997 1.474.000 296.901 97.408.360
1998 1.616.900 371.165 121.773.400 284,925
1999 1.640.900 422.755 138.699.240 419,39
2000 1.568.700 432.902 142.028.110 681,143
2001 1.602.700 586.802 192.520.230 No data
2002 1.704.900 649.503 213.091.670 1,161,632
2003 1.847.700 735.238 241.219.720 1,856,965
2004 1.955.800 1.010.364 331.484.270 5,824,855
2005 2.068.300 1.016.393 333.462.230 6,228,667
2006 1.800.700 1.005.621 329.928.000 6,109,556
2007 1.353.700 988.702 324.377.340 9,089,300
2008* 840.000 800.000 262.467.192

* Forecast (KWD-globalpipe)
Source: Housing Units: NAHB, www.nahb.org, www.HousingEconomics.com

Hydronic Radiant Tubing, Electric cables: RPA

2.500.000

USA: Housing Starts versus Hydronic Radiant Tubing

2.000.000

1.500.000 -
1.000.000 ~
500.000
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1991
1992
1993
1994
1995

—@— Housing Starts
(in Units)

© N~ ©® O O A N M T 1 © I~ X

o o O O O O O © o © O o 8

o o © 9 © ©9 © O © © © 9o 8
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—aA— Hydronic

(in 100 metres) Source: www.nahb.org
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Chapter IV. Summaries 2003 — 2008
All Summaries have the follwing classification:

1. PE-Xa Material Informations

2. PE-Xa Machinery Informations

3. PE-Xa Pipe Producer Companies

4. PE-Xa Special Fitting and Connection Solutions

5. PE-Xa Pipes in Plumbing Sytems

6. PE-Xa Pipes in Heating Systems

7. PE-Xa Pipes in District Heating Systems

8. PE-X Pipes in Gas-, Water- and Sewage Systems

9. PE-X Pipesin other Systems (Solar-, Geothermal-, etc)
10. PE-XPipe Certification and Standardisation, Organisations

.. same with PE-Xb, PE-Xc. PEX-general, PE-RT and Multilayer Pipes.
Example of Summary PE-Xa (Chapter IV):

North America: Rehau to exit PE-Xa plumbing pipe business, Ipex gcontinues composite pipe production

KWD-globalpipe, 2008-11-25, No.300. (Nort America, Marketing) It came as a

big surprise when Dr. Kathleen Sayler, Chief Executive Officer of REHAU

North America, announced just recently the company will not only exit munici-

pal PVC pipe manufacturing and supply, but also terminate the supply of PE-

Xa plumbing system in North America by March 31, 20  09.

The reason given for this strategic shift is PEX plumbing systems being con-

sidered commodity goods these days . Bottom line: Prices and thus profit

margins of those products are down the drain! Based on its since decades

proven European PE-Xa pipe technology, REHAU plans to direct its efforts

toward establishing and further defining the market for integrated low-

temperature heat source and distribution systems, including innovative PE-Xa-

based radiant heating, geothermal ground loop, sola r thermal and residential fire protection,
radiant cooling, local heat and other pipe transpor t systems in North America

Basically at the same time, IPEX, a subsidiary of Aliaxis and the only North American manufacturer of

composite pipe, stated it will discontinue the production of composite pipe p lumbing systems
(already since 2007) and now also heating systems.
Just as a reminder: More than 20 years ago , North America

completely dropped out of the production of Polybutylen pipe
systems on the grounds of liability cases that were caused by insuffi-
cient Celcon-Acetal fittings rather than the pipe itself but led to
individual claims and class-action lawsuits although PB pipe systems are
still today well-established worldwide.
Barely noticed: A couple of years ago Uponor terminated the supply of
composite pipe in the U.S. shortly after its start. The reasons can only
be guessed. The fact that meanwhile over 2 billion meters of
composite pipe have been manufactured and installed worldwide
more or less without problems seems not to impress market participants in North America.
There seem to be two plausible causes for this disaster . First of all, there is no industry organiza-
tion to oversee the process of training people as p lumbers and to go along with their further pro-
fessional careers similar to the job the RPA (Radiant Panel Association) does exemplary in the hy-
dronic heating industry



Secondly, a consistent approach to the NSF certification geared towards complete systems i S
missing . For example, it is only possible to have a pipe certified for one (or multiple) specific fit-
tings but this is done reluctantly because it's usually unwanted by wholes ale dealers .
Only strong brands or companies that made something out of damages faced in the past conse-
guently call for a “certified for use with NN”  (special company with proofed fittings for this system)
NSF certification. If done so, the usage of non-dezincification-resist ~ ant brass fittings could be pre-
vented. Not many pipe manufacturers have done this yet. Because of that, tremendous liability cases
and class-action lawsuits have occurred over the course of the past years. The worst case happened
at the home builder “Pulte homes”  whose longtime business strategy has been to build affordable
residential buildings. In 2000, Pulte homes built 27,781 homes; in
2006 this number rose to 41,487. If these houses are then built in an
area, for example in Nevada, where water quality is critical to pip-
ing installations no matter what pipe type used and non-
dezincification-resistant fittings have been instal led, damage
can be immense. In this context, the largest class-action lawsuit has been filed with respect to 5,300
buildings erected from May 2002 until January 2006 with an amount of loss of $7,800 each which
totals to $41.3 million not including lawyer’s fees. When such disasters happen, the only thing to be
done is a strategic withdrawal. (Winfried.Hamich@kwd-online.de)

Example of Summary PE-Xb (Chapter IV):

SILON adding more than value: TABOND Standard Prodwct Range

KWD-globalpipe, 2008-11-25, No.300. (PE-Xb Compounds,
Adhesives) In addition to the Silon main business - PE-Xb - SILON
International GmbH offers further products for various

applications , e.g. corrugated pipes, protection pipes, waste water pipes for inside and outside, drinking

water pipes, gas pipes etc.

PE-Xb specialties for shrinking tubes and

profiles

PE-Xb raw material for injection moulding of

fittings and sockets

Stabilizers for protection against UV-

radiation , thermal degradation of the Polymer,

flame retardant

additives , processing aids, etc.

Combinations of colours and stabilizers are

possible. Tailor made special products are

offered

Adhesives for multilayer pipes with e.g.

aluminium, oxygen barrier (EVOH), etc.

Special developments according to the

applications, directives and standards (e. g.

KTW, NSF) are also effected with our personal,

customer orientated service and our qualified

technicians.

Mixing of polar and nonpolar components re-

sults in formation of repelling forces and very poor or no adhesion. In order to improve bonding, adhe-

sion promoters can be added. Adhesion promoters that are most easy to handle are polymeric based.

Which can also be called compatibilizers or coupling agents.

Compatibilizers are used to increase the compatibility of two inmiscible polymers.

Coupling agents are used to increase adhesion between a polymeric matrix and a filler.

Chemical compatibilizer and coupling agent are the same materials. One of the solutions for polyolefins

is TABOND.
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Tabond is polyolefin — PP or PE
modified with maleic anhydride
functional groups processing char-
acteristics necessary to enhance
the performance of engineering
thermoplastics and other technical
polymers.

Tabond functions as a solid sur-
factant to increase interphase ad-

Why use Tabond

Characteristics:

« Strong adhesion to PA, EVOH, PET, PBT, PC,aminosilane treated glass,
aluminium, copper, brass, steel

» Adhesion durability

« Polyolefin-like properties and processing

 Easy handling during compounding

« Very low concentration of free MAH

Applications:

» Composite pipes using aluminium, copper or steel for sanitary and nonsanitary
applications

hesion and to achieve compatibil-
ity between most commonly used
polar polymers and polyolefins.
Tabond also functions as cou-
pling agent to promote chemical
bonding between filler (talc,
CaCo03, glass, ATH ...), fiber rein-
forcement and polymer matrix.
Tabond is able to react with func-

« Extrusion coating of aluminium or steel with PE (also for steel coated with
epoxy resin)

» Chemical coupling agent for PP or PE composites

« Compatibilizer for blends of PP or PE with PA, PET or PBT

* Co-extrusion of PP with PA, PET or PBT

* Tube co-extrusion of PE with PA or EVAL

« Blow moulding co-extrusion of PE with PA or EVOH

* Sheet co-extrusion of PE with PA, EVAL, PET, PBT

« Additive for the recycling of polyolefins contaminated with polar polymers

tional groups on the surface of the filler while the backbone of Tabond is miscible with polymer matrix.
This mechanism improves surface wetting of the filler, its dispersion and improved homogeneity of
the composite.

Increased tensile and impact strength are the results of using Coupling agents in composites.

Tabond added to nonpolar polymers can enhance adhesion to functional layers materials such as
metal, glass, thermoset rubber and most polar substances.

Examples of multilayer film be used for packaging . The core layer is generally a barrier and the
external layers are inert or sealable. Adhesive layers (Tabond) allow a good cohesion between layers.
Contact:  SILON International GmbH, www.silon.eu, info@silon.eu.

Chapter V (Directory: Companies alphabetical) is a
worldwide

listing of PEX and PE-RT pipe producers

- PE-X Pipe Producers
- PE-Xa Pipe Producers
- PE-Xb Pipe Producers
- PE-Xc Pipe Producers
- PE-RT Pipe Producers
- Companies (PEX and PE-RT Pipe Producer) alphabetical

Company Country Internet

ACOME F - Paris www.acome.fr PE-X
ACOME F - Paris www.acome.fr PE-Xc
AGROMETZER S.A. E-13200 Manzanares (Ciudad Real) Www.agro-systems.com PE-Xa
AKAN International Group Ltd. CN- Pudog, Shanghai www.akan.com.cn PE-RT
ALPHACAN S.A. F-78170 La Celle Saint Cloud www.alphacan.com PE-Xb
ALTAIS RUS- Moscow 115404 www.altais.ru PE-Xb
AMICO Pipe Co Ltd. CN- Luo Tuo Town,Ning Bo City www.amicopipe.com PE-Xa
aquatherm GmbH D-57439 Attendorn www.aquatherm.de PE-RT
Auspex Inc AUS-3198 Seaford Vic www.auspex.com.au PE-X
Becker-Plastics GmbH D-45711 Datteln www.becker-plastics.de PE-RT
Becker-Plastics GmbH D-45711 Datteln www.becker-plastics.de PE-X
Becker-Plastics GmbH D-45711 Datteln www.becker-plastics.de PE-Xc
Blansol S.A. E-39791 Ambrosero - Barcena de www.blansol.es PE-Xb

Cicero

and soon ...
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