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WORDS OF WELCOME

Dear Participants,

It is both an honor and a personal pleasure to welcome you to PPXXIl — The 22nd Plastic Pipes
Conference, here in the vibrant and resilient city of Warsaw, Poland.

On behalf of the PPCA Board of Directors, the PPXXIl Organizing Committee and Evacon, | want
to thank each of you for being part of this special gathering.

Bringing together colleagues, friends, and new faces from across the world is always a highlight
— and this year, with around 400 participants and more than 100 presentations, we have some-
thing truly exceptional ahead of us.

Warsaw feels like the right place for our community to meet this year — a city with a powerful story
of strength, renewal, and progress. These values deeply reflect the direction of our industry as we
work to enhance the sustainability, performance, and lifetime of plastic pipe systems. This year’s
program reflects these ambitions, with strong focus areas including recycling technologies, long-
term durability, and practical case studies that showcase what innovation looks like on the ground.

A special thank-you goes out to all our sponsors and exhibitors — your generous support, ded-
ication, and presence make this conference possible and add tremendous value to the expe-
rience for all attendees. Your contribution not only fuels the success of PPXXII but also helps
move the entire industry forward.

For me personally, PPXXII represents more than just a technical exchange. It is a chance to re-
connect, to be inspired, and to move forward together — especially in times when collaboration
and shared vision are more important than ever.

| encourage you to make the most of these next few days: explore the program, visit the exhibi-
tion, share your experiences, and enjoy the wonderful hospitality that Warsaw has to offer.

Thank you once again for being here and for your ongoing support of the Plastic Pipes Confer-
ence. | look forward to meeting many of you over the course of the event.

Warm Regards,

fis ot

Zoran Davidovski

Head of R&D and Sustainability
PPXXII Chairman
Wienerberger / Pipelife
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THE PLASTIC PIPES (’) PLASTIC PIPES
CONFERENCE ASSOCIATION (PPCA)

ASSOCIATION

E-mail: tonycalton@plasticpipesconference.com

Homepage: www.plasticpipesconference.com

Contact (primary): David Fink, PPCA Chairman

Contact (secondary): Tony Calton, Vice Chairman and Treasurer

The Plastic Pipes Conference Association (PPCA) was formed to organize and run the series of
Plastic Pipes Conferences on behalf of the international plastics pipes industry. Member associ-
ations of the PPCA are the following:

e PE 100+ Association www.pel00plus.com

o Plastics Pipe Institute www.plasticpipe.org

e The European Plastic Pipes and Fittings Association www.teppfa.com

The organizations are represented by David Fink (Chairman), Andrew Wedgner (Secretary) and
Tony Calton (Vice Chairman and Treasurer) respectively, all as voting board members. In ad-
dition, Zoran Davidovski (PPXXII OC Chair / Technical Program Chair) serve on the board as
non-voting member.

Each of the conferences are intended to be self-financing and profits from one event are re-in-

vested in future conferences, educational tools or “spin-off” events. The mission statement em-

phasizes their focus in the industry:

o "PPCA is a global association dedicated to the ongoing creation and distribution of technical
and application information on plastic pipes systems in order to educate and expand their
safe, cost effective and sustainable use.”

The PPCA Board of Directors launched “Conference Partners”

This significant new initiative acknowledges the valued efforts of plastic pipe trade associations
already actively involved with our conferences.

We are pleased to announce and recognize the following organizations for their support as am-
bassadors for the PPCA conferences in encouraging the submission of papers, participation on
the organizing committees and for those that have hosted spin-off conferences.

Conference Partners:

» China Plastics Piping Association (CPPA)

e European Council of Vinyl Manufacturers (ECVM)

» Australian Plastics Industry Pipe Association (PIPA)

e USA PVC Pipe Association (PVCPA)

e Southern African Plastic Pipe Manufacturers Association (SAPPMA)

WWW.PPXXIIT.COM « WARSAW 2025
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PLASTICS PIPE INSTITUTE (PPI) @ PPI

Plastics Pipe Institute
The Voice of an Industry.

105 Decker Court, Suite 825.

Irving, TX 75062 USA

Phone: +1-469-499-1044

E-mail: info@plasticpipe.org

Home Page: www.plasticpipe.org

Contact (primary): David M. Fink, President

With administrative offices located in Dallas, Texas, The Plastics Pipe Institute Inc. (PPI) is the
major trade association representing all segments of the plastics piping industry. PPl members
share a common interest in broadening awareness and creating opportunities that expand mar-
ket share and extend the use of plastics pipe in all its many applications. As an association, PPI
focuses collaborative efforts to accumulate data, concentrate facts and target resources toward
advancements in applications and increases in widespread usage. PPl serves as a channel for in-
formation sharing, issues resolution, idea exploration and successful implementation guidance.
The association is dedicated to advocacy and outreach efforts in support of these goals, and
strives to expand the scope of overall education by broadcasting the many benefits and features
of plastics pipe. The association is comprised of over 170 members and associates.

PPI promotes contemporary use of plastics piping for water and sewer, gas distribution, oil and
gas production, industrial and mining uses, power and communications, telecommunications
duct, hot & cold-water plumbing, hydronics, storm water and irrigation.

PPI vision and leadership resulted in the establishment of uniform testing and design criteria
which became the foundation for all current applications of plastics piping. In addition, the
methodology for the rating of long-term material strength and the adoption of standard pre-
ferred numbers to state specific properties were early PPl achievements. PPl also engineered the
first code of acceptance for plumbing, industrial, commercial and gas distribution.

Values & Beliefs

PPl is a non-profit trade association dedicated to the advocacy and advancement of use of plastics
in pipe infrastructure systems because they are smart, economical and sustainable solutions. The
mission of The Plastics Pipe Institute is to advance the acceptance and use of plastic pipe systems
through research, education, technical expertise and advocacy. This is accomplished through:

e Contributing to the development of standards

e Educating designers, installers, users and government officials

e Publishing up-to-date technical and general reports

e Collecting and publishing industry statistics

e Establishing forums for problem solving and new idea generation

e Maintaining liaisons with industry, educational and government group
e Providing a technical focus for the plastics piping industry

» Supplying associated web sites with up-to-date information

WWW.PPXXIIT.COM « WARSAW 2025
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Diversity & Inclusion

Membership in PPl gives you and your company a voice in shaping the future of the plastics
piping industry through education, research, advocacy, and networking. To be engaged, you
must feel included and valued. PPI strives to build and nurture a culture reflective of the diversity
of our association so that we may openly collaborate on initiatives for the advancement of our
mission. We know through experience that different ideas, perspectives and backgrounds create
a stronger and more creative work environment that delivers better results. We recognize that
an inclusive and diverse work environment respects the unique characteristics, skills and expe-
riences of all our members and employees.

Plastic Pipe Today

When it comes to selecting pipe materials for today’'s markets, what matters most? According
to those who specify, install and pay for it, the answer is: security and reliability. Today's different
kinds of plastic pipe are cost-effective, durable, sustainable, and resilient choices. Plastic pipes
are in use now! And they are helping to replace crumbling infrastructure, conserving resources,
eliminating loss and saving money. Plastics are the smart sustainable solution for now, and for
generations to come.

LIST OF MEMBERS

Pipe & Fitting Manufacturers

e Advanced Drainage Systems e Golan Plastic Products LTD

o AGRU America * Hamilton Kent

e Aquatherm e Harco Fittings

» Armtec, Inc. » Haviland Drainage Products

» Asahi/America » Heatlink Group Inc

» Atkore-United Poly Systems (Atkore-HDPE) ¢ High Country Fusion, a Division
 Atlantic Industries Limited of Consolidated Pipe & Supply Co. Inc.
e Auray Managing S.L. » Hongyue Plastic Group Co., Ltd
e Blue Diamond Industries e Hubbell-Lyall

o CB Supplies, LTD » Improved Piping Products

e Centennial Plastics * Infra Pipe Solutions Ltd

o Charlotte Pipe and Foundry Company * Integrity Fusion Products, Inc.

e Cosmoind USA, Inc. e Interplast

e Crumpler Plastic Pipe Inc. o IPEXUSA LLC

e Dura-Line LLC  ISCO Industries, LLC

e Endurance Poly Producers e JCM Industries

e Ferguson Industrial  JILIN SONG JIANF SMART JOINT CO.,, LTD
o FlexSteel USA, LLC * JM Eagle

e Fluidos Industriales Mexicanos (FIMEX) » Kerotest Manufacturing

e Flying W Plastics e Lane Enterprises Holdings, Inc.

» Forge Polyfab » Legend Valve

« Fratco, Inc. * Mexichem Soluciones Integrales,
» Georg Fischer Central Plastics LLC S.A. De C.V./Wavin Mexico

» GF Building Flow Solutions (previously Uponor) e Milford Companies

8
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e Modern Polymer Pipe and Extrusions
e Mosaic

e MrPEX Systems

* Neat Companies Group

e NUPI Americas

o OS| Plastics Division of Ohio Steel Industries

e Performance Pipe

e Petroflex N.A., Ltd
 Pipeline Plastics, LLC

e Plasson USA

* POLICONDUCTOS

e PolyPipe LLC

e Polytubes

» Press-Seal Corporation

e Prinsco Inc.

e QualPol

 REHAU

e Reliance Worldwide

* River Valley Pipe, LLC

e S&B Technical Products, Inc.
e Smart Pipe Company Inc.

e Soleno, Inc.

e Southeast Culvert

e Southwire

» Sovereign Pipe Technologies, LLC
e Strongbridge-Tega

e TDR Pipe

e Teel Plastics

o NEXT-PIPE

e Timewell Drainage Products
« Titeflex Gastite Division

e Valtic, SA. DE C.V.

» Versaprofiles, Inc.
 Victaulic

e Viega LLC

o Watts Water Technologies

e Wavin (including Bow Plastics)
e Wisconsin Tubing, LLC.

o WL Plastics

e Zurn PEX, Inc.

Resin & Additives Suppliers
e Altera Polymers

* Ampacet Corporation

* APG Colors and Additives

o ATC Plastics

e Avient Corporation

WWW.PPXXII.COM
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e Baystar

e Borealis

e Braskem Idesa

e Cabot Corporation

 Carriff Engineered Fabrics Corporation
» Cascadia Resources Inc.

e Chevron Phillips Chemical

e Chroma Color Corporation

e Dow Chemical

e Evonik Corporation

e ExxonMobil Chemical Company
e Flipping Iron Inc.

e Formosa Plastics Corporation

e INEOS Olefins & Polymers USA
 Ingenia Polymers Group

o INVISTA

» Kafrit NA Ltd

e Les Plastiques DC Inc.

e Lubrizol

e LyondellBasell Industries
e M. Holland

e Modern Dispersions, Inc.
e Monolith

e NanoXplore

* NOVA Chemicals

e Osterman & Company

« PTM

e Quantum Polymers

e RapidPurge

e Muehlstein

e RTP Company

SABIC

e SACO AEI Polymers, Inc.
 Shell Polymers

 Silon US

e Soucy Techno

o Tokai Carbon CB

e Trademark Plastics Corporation

Machinery & Equipment Manufacturers
» Battenfeld-Cincinnati

e Bausano USA

o CDS (Custom Downstream Systems)

e Corma Inc.

» Davis Standard

e Dynamic Molds Enterprises Inc.

Fangli Technology Inc.
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FB Balzanelli USA, Inc.

INOEX

ITIB Machinery

Krauss Maffei

McElroy Manufacturing, Inc.
Milacron LLC

Reel Power Industrial Inc.

Ritmo America, LLC

SCITEQ A/S

o SICA America

o SIKORA International Corporation
e Tecnomatic USA

e Unicor North America

» Vecoplan LLC

» Wegener Welding, LLC

e Zumbach Electronics Corporation

Distributors

o Core & Main

e Gajeske, Inc

o [CONIX Waterworks

 MRC Global

» Sandale Utility Products, Inc.

Individual Consultants

» Advanced Pipe Services

* All Pipe Solutions

o JEE Consulting Services LLC

e Sandstrum Consulting Services LLC
e Thompson McLean Associates

International Affiliates

« Iplex Pipelines Limited

o K-Flex

e Polypipe Plastics

o Rarean Fluid-Tech Private Limited

Professional Members

e Advanced Blending Technologies, LLC

e American Society of Plumbing Engineers
e Bryan Hauger Consulting, Inc.

» Crossroads Engineering Services

CSA Group

Element Materials Technology

Exponent Inc.

IAPMO

ICC Evaluation Service

10
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o IGSHPA

NSF International

e Polymer Technology Laboratory (LATEP)
PSILab, Inc.

SKZ Testing GmbH

e TRI Environmental

o UL Solutions

Honorary Lifetime Members
e Robert L. Ayres

e Michael Byrne

e Jim Craig

« |van DeBlieu

» Jim Goddard

e Gerry Groen

e Jim Inhofe

e Stan Mruk

» Gene Palermo

e Paul Petro

e Gary Runyan

e Donna Stoughton
e Harvey Svetlik

o George Zagorski

WWW.PPXXIIT.COM « WARSAW 2025
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PE100+ ASSOCIATION @m

c/o Kohlerdeboer Accountants,

Alexander Battalaan 35,

6221 CB Maastricht, The Netherlands
Phone: +31-6-111-65118

E-mail: andrew.wedgner@lyondellbasell.com
Home Page: www.pelO0plus.com

Contact (primary): Andrew Wedgner

Founded in 1999, the PE100+ Association is a global industry organization made of leading
polyethylene manufacturers (currently 15) located in Europe and Asia. Its objective is to promote
consistent quality at the highest level in the production and application of PE 100 pipe materials,
thereby helping to create trust in high quality PE pipe systems.

Safety and quality control play critical roles in pressure pipe applications and the association
organizes the regular independent testing of pipes produced using member company PE100
materials. This enables the association to issue a "PE100+ Association Quality Materials List” on
a regular basis.

Guidance is provided an advisory committee of non-affiliated independent experts whom all have
many years of experience in different parts of the PE pipe value chain. Their main task is to provide
market guidance and feedback to the association, to ensure that industry needs are being met.

The association supports the plastic pipe industry by developing tools and sharing technical
guidance for pipe design and installation, through events and the information provided on its
website. This includes the recently updated No-Dig technical guide for trenchless installation.
It also engages in ISO and CEN standardization activities and undertakes technical projects.
Recent examples have included determining hydrogen permeation rates and identifying a more
sustainable detergent for the accelerated stress crack resistance testing.

PE100+ Association is a founding member since 2004 of the PPCA, which steers, further devel-
ops and organizes the Plastic Pipes Conference series.

WWW.PPXXIIT.COM « WARSAW 2025
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THE EUROPEAN PLASTIC PIPES
AND FITTINGS ASSOCIATION (TEPPFA) teppfa

Avenue de Cortenbergh 71.

1000 Brussels, Belgium

Phone: +32-2-736-2406

E-Mail: info@teppfa.eu

Home Page: www.teppfa.eu

Contact (primary): Vicky Chatzivasileiou

TEPPFA is the European Plastic Pipes and Fittings Association founded in 1991 with headquarters
in the European heart of Brussels. TEPPFA's 14 multinational company members and 12 national
associations across Europe represent 75% of the European market for plastic pipe and fittings
applications for building and infrastructure.

TEPPFA is a true value chain organization. An associated membership offers the opportunity to
the sector’s raw material and machine suppliers to join TEPPFA and contribute to the realization
of its numerous technical and sustainability projects.

TEPPFA's vision and strategy confirms its strong commitment to the EU’s goals of achieving a
circular economy and climate neutrality by 2050, while also delivering high-quality, durable
solutions. TEPPFA members play a pivotal role in delivering essential solutions for water distri-
bution and sanitation.

With Water Resilience high on the EU agenda to meet latest challenges from climate change
such as more frequent flooding and water scarcity, plastic piping systems are vital for mitigating
water shortages, managing flash floods, and supporting sustainable water infrastructure.

With a lifespan of 50 to over 100 years, a low carbon footprint, and ease of installation, these

systems are also key enablers in the transition to fossil-free energy, supporting the transport of
electricity, hydrogen, and biogas.

WWW.PPXXIIT.COM « WARSAW 2025
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TEPPFA COMPANY MEMBERS:

 Aliaxis — www.aliaxis.com

e Dyka Group — www.dyka.com

o Geberit — www.geberit.com

» Genuit/Polypipe — www.international.polypipe.com
e Georg Fisher/Uponor — www.georgfischer.com
Lagerstedt & Kranz — www.lkpex.com

e Molecor — www.molecor.com

e Nupi — www.nupiindustrieitaliane.com

» Orbia/Wavin — www.wavin.com/global

e Radius — www.radius-systems.com

* Rehau — www.rehau.com

e Teraplast — www.teraplast.ro

e Viega — www.viega.de

» Wienerberger/Pipelife — www.pipelife.com

TEPPFA NATIONAL ASSOCIATION MEMBERS:

* ASETUB - Asociacion Espafiola de Fabricantes de Tubos y Accesorios Plasticos, Spain

e BPF Pipes Group — British Plastics Federation — Pipes Group, United Kingdom

e Bureauleiding — Het platform voor kunststof leidingsystemen, Netherlands

e DPF — Brancheorganisation for de danske plastvirksomheder., Denmark

 FCIO - Fachverband der Chemischen Industrie Osterreich, Austria

e FIPIF — Muoviteollisuus ry, Finland

» KRV — Kunstoffrohrverband e.V.- Fachverband der Kunstoffrohr-Industrie, Germany

e MCsMSz — MUanyagcs6- és l[domgyartok Magyarorszagi Szévetsége, Hungary

 NPG Sweden — Sverige foretrader plastrorsindustrin, Sweden

» PolyConnect/Essenscia — Belgische sectorfederatie van de chemische industrie en de life
sciences, Belgium

e PRIK — Polskie Stowarzyszenie Producentow Rur i Ksztattek z Tworzyw Sztucznych, Poland

e UPB — Union Plasturgie Batiment, France

» VKR — Verband Kunststoffrohre und Rohrleitungsteile, Switzerland

TEPPFA ASSOCIATED MEMBERS:

e Borealis — www.borealisgroup.com

o ECVM/PVC4Pipes — www.pvc4pipes.com
e Lubrizol — www.lubrizol.com

Lyondell Basell — www.lyb.com

Plastitalia — www.plastitaliaspa.com

TEPPFA SUPPORTING MEMBER:
e Rollepaal — www.rollepaal.com

WWW.PPXXIIT.COM « WARSAW 2025
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CHAIR OF THE ORGANIZING COMMITTEE / TECHNICAL PROGRAM CHAIR

Zoran Davidovski, Head of R&D and Sustainability at Wienerberger / Pipelife, brings nearly 30
years of experience in the plastic piping industry.

Holding a master’'s degree in mechanical engineering from the University of Zagreb, Croatia,
he began his career as General Manager of Pipelife’s Croatian factory in 1998. Since joining the
corporate headquarters in 2001, he has taken on various leadership roles in marketing, product
management, and innovation.

Zoran is a prominent voice for Wienerberger / Pipelife within TEPPFA (The European Plastic
Pipes and Fittings Association), where he currently chairs the Working Group on Sustainability
and is a member of the WG Water Resilience. He has also served as chairman of several editions
of the international Plastic Pipes Conference—PPXIV, PPXVI, PPXVIII, PPXX, and PPXXII.

Born in Croatia and now based in Austria, Zoran continues to play a key role in driving sustaina-
bility, innovation, and industry collaboration in the plastic pipe sector.

Wienerberger is a leading international manufacturer of sustainable piping solutions that con-
nect people and communities with water, energy and data.

CO-CHAIR, EXHIBITION

Peter Sejersen has worked for the plastic pipe industry for more than 35 years and has been
responsible for many of the projects that the European Plastic Pipes and Fitting Association is
running together with the member companies and external research institutes. The projects are
related to technical as well as the environmental performance of plastic pipe systems. Further-
more, a number of the projects aim directly on the use of recycled materials in pipe systems.

Peter carriers include working for Wavin as overall responsible for the 8 manufacturing sites
in Denmark, Norway, Sweden and Finland, including QA, HSE and standardization. Before the
assignment in manufacturing Peter had a number of positions in product management and
product development.

Next to the duties in pipe industry Peter has been active in the — at times very intensive — public
and political discussion around the environmental issues of PVC.

In a number of years Peter was chairman of the PVC recycling initiative in Denmark and for this
effort he was awarded by the Industry Federation.

Peter is a Danish citizen and holds a master degree in engineering.

WWW.PPXXIIT.COM « WARSAW 2025
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ORGANIZING COMMITTEE MEMBERS

John Kurdziel — Advanced Drainage Systems

Steve Sandstrum — Borealis Compounds Inc.

Robin Bresser — Baystar

Suleyman Deveci — Borouge Pte.

Mitsuaki Tokiyoshi — C.I. TAKIRONCIVIL Corporation

Vivek Rohatgi — Chevron Phillips Chemical

Wang Zhanjie — China Plastics Piping Association (CPPA)

Michael Pluimer — Crossroads Engineering

Shane Schuessler — ISCO Industries Inc.

Daniel Currence — Plastics Pipe Institute (PPI)

Randy Knapp — Plastics Pipe Institute (PPI)

Camille Rubeiz — Plastics Pipe Institute (PPI)

Piotr Falkowski — Polish Association of Plastic Pipes and Fittings Producers (PRiK)
Christian Apel — Radius Group Holding

Vincent Stone — PVC4 Pipes / The European Council of Vinyl Manufacturers (ECVM)
Tobias Johnsen — PVC4 Pipes

Carl Baker — Shell Polymers

Jan Venter — Southern African Plastic Pipe Manufacturers Association (SAPPMA)
Ludo Debever — The European Plastic Pipes and Fittings Association (TEPPFA)
Przemyslaw Hruszka — The European Plastic Pipes and Fittings Association (TEPPFA)
Cindy Bray — The Plastics Industry Pipe Association of Australia (PIPA)

Bruce Hollands — Uni-Bell PVC Pipe Association (PVCPA)

llari Aho — GF Building Flow Solutions / Uponor Corporation

André Nijland — Orbia Building & Infrastructure (Wavin)

EVENT ORGANIZER COMPANY

e\/CON D CONSUTNGLTD.
\AND CONSULTINC LT[
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KEY CONFERENCE ITEMS

Conference Venue

Hilton Warsaw City
Grzybowska 63., Warsaw, 00-844, Poland

Website: https://www.hilton.com/en/hotels/wawhihi-hilton-warsaw-city/

The hotel is in the heart of Warsaw's financial district, within three kilometers of Old Town Mar-
ket Place, The Royal Castle in Warsaw, and the Uprising Museum. Lazienki Park, Copernicus
Science Center, and Warsaw Chopin Airport can be reached in 15 minutes. It offers extensive
conference space, along with a pool, sauna, and steam room.

Paper Presentations

PPXXII conference and exhibition welcome and opening session begins Monday, 15 September,
2025 at 9:00. A 30-minute networking event immediately follows the opening session in the
conference floor foyer. The first two concurrent technical sessions (A and B) are scheduled from
10:20 - 12:00. All technical sessions are scheduled to occur in the same two rooms.

The conference and exhibition are scheduled to close on Wednesday, 17 September, 2025 by
16:20. During the closing ceremony, the dates and locations of PPXXIIl in 2027 and the 2026
Spin-Off conferences will be announced.

Poster Gallery

The PPXXII posters highlight technical work in the industry. The posters are displayed in the con-
ference foyer. These are viewable anytime during the conference. Each poster paper is included in
the conference proceedings and details the author’'s name, company and their contact information.

Information Board, Messages

There will be a Message Board for official notes of the conference and program next to the Registra-
tion and information desk. Please, check the board daily and use it for important messages.

Exhibition

The PPXXII Exhibition Hall is scheduled to open Monday, 15 September, 2025. The exhibition
map appears in the mobile app, on the PPXXIl web page and near the exhibition hall entry way.
All conference lunches and breaks will occur in the exhibition hall and on the foyer.

e Monday, 15 September: 9:00-18:00

e Tuesday, 16 September: 9:00-18:00
» Wednesday, 17 September: 9:00-17:00

WWW.PPXXIIT.COM « WARSAW 2025
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REGISTRATION

All participants must check in at the PPXXII conference Registration desk to receive their badge
and conference materials. Registration desk will be located in the foyer of the Warsaw Hall Con-
ference Level (WH) in Hilton Warsaw City and will be open:

Sunday, 14 September: 14:00-20:00
Monday, 15 September: 8:00-18:00
Tuesday, 16 September: 8:00-18:00
Wednesday, 17 September: 8:00-17:00

On-site registration and on-site payment (only cash is accepted) will be available on spot.
Badge

All registrants must wear their PPXXIl badge when participating in the different events. This in-
cludes the Accompany Persons. The badge allows access to the technical program sessions, net-
working events to include the exhibition, Gala Dinner, lunches and breaks.

Accompanying persons

Registered Accompany Persons are invited to attend the Gala Dinner, lunches and breaks. All
Accompany Persons must wear their PPXXII badge.

Internet access

The Corporate Sponsor, Molecor, has provided internet access for all registered participants,
free of charge.
1. Select the hotel's wireless network — HILTON HONORS MEETING.
Password: MOLECORPPXXII
2. Start your Web Browser. The login page will open automatically.
3. Select 'l have a Promotional Code’ and enter the provided Passcode.
Click connect. You're online!

Online Proceedings

After registering on-site, Evacon will email the information to access the conference proceed-
ings at https://ppca-onlineproceedings.com/. The login information is specific to the user
holding the valid PPXXII registration.

The online conference proceedings contain the following information:

o All presentation and poster papers. These can be read online, downloaded or printed out.

e The technical program, which was included as a reference.

o Company profiles of the sponsors and exhibitors. These can be accessed without logging into
the online conference proceedings.
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NETWORKING EVENTS

Gala Dinner sponsored by teppfa

The Gala Dinner celebration is scheduled for Tuesday, 16" September, 2025 in The Warsaw Hall

Ballroom. This event is open to all registered attendees and registered Accompany Persons. The

suggested attire is business / cocktail wear. Attendees are welcomed to gather in the foyer while

waiting for the doors to open.

NOTE: Those attending the event are required to wear their badge to enter.

19:40 — Guest to take their seats

20:00 — Opening by the PPXXIlI OC Chair, and Gala Dinner Sponsor Welcome Remarks by TEPPFA
0:00 - Closing

Lunches and Coffee Breaks

All lunches and coffee breaks will take place in the PPXXII Exhibition Hall and on the foyer.

Business Meeting Space

The Meeting Room 7, is available by the Registration Desk. Availability is first-come-first-served.

SPEAKER INFORMATION

Each speaker, excluding those in the opening session, are assigned 20-minutes for presentation
and questions. The session moderator will monitor the time and questions.

The speaker ready room is Meeting Room 3 which is located at Level M2.
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Borealis and Borouge 27 Molecor 26
BRUNO FOLCIERI SRL 17 NSF 7
CEISLAB 20 Pipes.One 18
Danish Technological Institute 13 ORLEN 31
Dow 2 Plastics Pipe Institute (PPI) 24
Drossbach Maschinenbau / MDS Meyer 22 SABIC 29
Eartheco 5 Sasol Chemicals 21
Element Plastic Pipes Testing 3 SCG Chemicals 1
Graewe-Fangli 4 SCITEQ Quality Testing Systems 23
HGI LAB, LLC. 6 Shanghai Jurry Plastics Machinery Co., Ltd. 14
Hultec 25 SHUANGLIN PIPE MACHINE 9
ifw mould tec 11 SUBA MACHINERY 12
iINOEX GmbH 16 TRAC — TESTING SOLUTIONS 19
IPT GmbH & Co. KG 30 Trelleborg 8
Kiwa 15 ZhongyunTech 10
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CORPORATE SPONSOR HULTEC

2170 Buckthorne PL Spring

TX, 77380, USA

Phone: +1-817-923-3344

E-mail: intl-sales@hultec.com

Home Page: www.hultec.com

Contact (primary): Pieter Brinks

Name of representative on the booth: Pieter Brinks

Mission: To ensure safe water for people around the world.

Vision: To be the most trusted and customer-centric water sealing provider.

Hultec is a leading global provider of advanced pipe seals, gaskets, and sealing solutions for
water, oil, gas, and industrial applications. With a commitment to innovation, sustainability, and
precision engineering, Hultec enhances pipeline integrity, prevents leaks and contamination,
and extends infrastructure lifespan.

Headquartered in Spring, Texas, and supported by global manufacturing facilities, Hultec delivers
high-quality, custom-engineered sealing solutions to customers worldwide. Our Costa Rica
production facility operates on 100% renewable energy, reflecting our strong commitment to

environmental responsibility.

At the Plastic Pipes Conference, we will showcase our cutting-edge technologies, which ensure
superior performance in fluid transport systems.

Visit us at Booth 25 to learn more about how Hultec can support your infrastructure needs.
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CORPORATE SPONSOR ' MOLECOR

mart water

Ctra M-206 Torrejon-Loeches Km 3.1

28890 Loeches, Madrid, Spain

Phone: +34-911-337-090

E-mail: info@molecor.com

Home Page: www.molecor.com

Contact (primary): Dolores Herran

Name of representative on the booth: Dolores Herran

Molecor is a Spanish company specialized in infrastructure, sewage and building solutions, whose pipes
and fittings are marketed in more than 30 countries around the world.

It was founded in 2006 with a focus on the development of Molecular Orientation technology applied to pres-
surized water pipes and since then its exponential growth and continuous improvement in the advancement of
efficient and innovative solutions for the development of technology for the manufacture of Oriented PVC pipes,
has made it the current world leader in the sector. In August 2020, the Spanish fund MCH Private Equity acquired
a majority stake to provide Molecor with more strength to grow and develop its full potential, since in addition to
the monetary contribution, MCH contributes with its industrial and financial expertise in both the organic and in-
organic growth of the project. On September 30, 2021, Molecor completes the process of acquiring the produc-
tion unit of Adequa (former Uralita Sistemas de Tuberias), adding to its portfolio of infrastructure solutions sewage
and building to become one of the leading companies of pipes and fittings in Spain. In this way, it continues a
great industrial project with a strong focus on technology, efficient water use and internationalization.

The purpose of Molecor is to improve the quality of life for people everywhere in the world, bringing af-
fordable water within their reach through innovative, efficient and sustainable solutions.

The efficient transport and management of water is one of the fundamental bases for progress and there-
fore represents a great business potential. Molecor’s objective is to be a world leader in the sector and
a benchmark for quality, efficiency and sustainability. For this reason, it presents a complete portfolio of
products for different applications:

e Supply and distribution solutions (TOM®, ecoFITTOM®, smooth PVC pressure, PE smooth pipe fittings)
o Building solutions (EVAC+®, AR®, floor evacuation, gutter system, siphons).

» Sewage and drainage solutions (SANECOR® corrugated PVC pipes, SANECOR® manholes, COMPACT

SN4 smooth system, PVC drainage system).

Molecor’s mission is to improve the quality of life for people around the world by making affordable water
available to them through innovative, efficient and sustainable solutions.

To date, Molecor has eight production centres and four commercial offices around the world. It has five
plants in Spain, two of them in Madrid, in Getafe and Loeches, and another three in Guadalajara, Ciudad
Real and Malaga (Alovera, Alcazar de San Juan and Antequera, respectively).

The Getafe plant manufactures all the oriented PVC technology and is the R&D headquarter, while the rest
of the plants produce solutions for water supply, building, sewage and drainage to supply and distribute
them. In Richards Bay (South Africa) there is a Joint Venture (JV) established in 2016 with Sizabantu, Mole-
cor's partner and leading distributor in the South African market. Molecor has a regional office for South
East Asia in Kuala Lumpur (Malaysia) and a state-of-the-art factory in Kuantan. From this factory with a
production capacity of 11,000 metric tons per year, Molecor supplies in the whole Asia Pacific region. And
finally, the Latin American factory based in Asuncion (Paraguay), Molecor Parand. Molecor also has three
sales companies, Molecor Maroc, Molecor Peru and Molecor France.
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GOLD SPONSOR CRAEWE-rANCL:

Fangli Technology Industrial Zone, S214Rd, Hengzhang,Shigi Town
Haishu District, Ningbo, Zhejiang, China

Phone: +86-574-2888-3018

E-mail: t-yxO3@fangli.com

Home Page: www.fangli.com

Contact (primary): Andy Wang

Name of representative on the booth: Andy Wang

Ningbo FANGLI Technology Co., Ltd. is located in FANGLI Technology Industrial Zone of Ningbo
City, Zhejiang Province, China. The workshops are totally about 80,000 m2. FANGLI is a national
widely high-tech enterprise, who has more than 30 years history of being engaged in developing,
manufacturing and selling plastic extrusion equipment, auxiliaries, as well as new environment
friendly materials equipment. With the advanced German technologies introduced at the very
beginning of FANGLI, we keep working with Graewe Germany to meet the demands of the
markets both domestic and abroad. We have developed various kinds of extrusion equipment,
and established the brand "Graewe Fangli”. Meanwhile, FANGLI has established offices and
services centers in cities all over China, Dongguan, Xi‘an, Tianjin, Chengdu, Nanjing, etc. As well
as in countries or regions all over the world, United States, Germany, Malaysia, Australia, India,
etc. FANGLI will gradually expand our global marketing and service networks, and keep working
to be the leader of plastic pipe extrusion industry.

Supported by the powerful FANGLI Group, continuously improving and learning, FANGLI could
design and manufacture independently PE pipe extrusion lines, PVC pipe extrusion lines, PP-R
pipe extrusion lines, PE-RT pipe extrusion lines, RTP thermoplastic reinforced pipe extrusion lines.
Many times, prized as “Progressive Award of Science and Technology, Zhejiang” and “Progressive
Award of Science and Technology, Ningbo”. FANGLI has been authorized as “National high-
tech enterprises”. FANGLI has also been certified by ISO9001 Quality Management System. The
main products have CE certification, as well as national technology patents. FANGLI owns an
advanced and new technology research & development center and a Ningbo city technical
innovation team, as well as Import & Export trading right. FANGLI has greatly improved the
manufacture ability and product quality, which helps continuously developing
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N
GOLD SPONSOR |\|_Yy LyondellBasell

Delftseplein 27k

3013 AA Rotterdam, The Netherlands
Phone: +31-10-275-5500

E-mail: andrew.wedgner@lyondellbasell.com
Home Page: www.lyb.com

Contact (primary): Andrew Wedgner

We are LyondellBasell — a leader in the global chemical industry creating solutions for everyday
sustainable living. Through advanced technology and focused investments, we are enabling a
circular and low carbon economy.

Across all we do, we aim to unlock value for our customers, investors and society. As one of
the world'’s largest producers of polymers and a leader in polyolefin technologies, we develop,
manufacture and market high-quality and innovative products for applications ranging from
sustainable transportation and food safety to clean water and quality healthcare.

We make an impact beyond our company when we improve society. With innovative material
solutions and recycling technologies, LyondellBasell is dedicated to creating a brighter, cleaner
and healthier future for generations to come. LYB undertakes the gold sponsorship of the XXI|
Plastic Pipes conference in Warsaw, Poland.
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GutenbergstraRe 12 - 14 Elastomertechnik

49377 Vechta, Germany

Phone: +49-4441-9245-0

E-mail: info@mol-elastomer.de

Home Page: www.mol-elastomer.de

Contact (primary): Hubert Buschermdhle, Daniel Sander

Name of representative on the booth: Hubert Buschermoéhle, Daniel Sander

M.O.L. ELASTOMER is one of the leading manufacturers of rubber sealing systems, PP/TPV
sealing products and elastomer profiles. As a competent and strong partner of the plastic pipe
industry we develop tailored product solutions in the drinking, stormwater and sewage water
pipe sectors. The on-site tool shop provides fast product development and guaranties short
delivery times for customized production molds.

M.O.L. is running 70 injection molding machines with clamp force from 250 up to 1000 tons.
Our rubber extrusion lines are producing profiles for a wide range of industrial applications.
The sealing rings made by M.O.L. are produced according to the international standard EN
681-1. CE marking is mandatory, third-party tests are licensed by MPA Materialprufungsamt
Nordrhein-Westfalen in Dortmund, GERMANY and KIWA KOMO, THE NETHERLANDS. Our quality
management system is monitored according to DIN EN ISO 9001:2015. M.O.L. Environmental
Management System is ISO 14001:2015 + Cor 1:2009 and Energy Management 50001:2018.

Facts and Figures

e Production of more than 2 million sealing rings per day

e 260 employees in Germany

o 2.500 different extrusion dies in use

e 800 rubber injection molding tools in operation

» MOL is running 70 injection molding machines including brand new 2K injection units for PP/
TPV sealing products and 5 rubber extrusion lines (LCM, UHF)
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SILVER SPONSOR

Bachtobelstrasse 4.

8810 Horgen, Switzerland

Phone: +41-44-728-2111

E-mail: fpsemea@dow.com

Home Page: www.dow.com

Contact (primary): Sara Stepancic Lang

Name of representative on the booth: Jurgen Becker

Dow (NYSE: DOW) is one of the world’s leading materials science companies, serving custom-
ers in high-growth markets such as packaging, infrastructure, mobility and consumer applica-
tions. Our global breadth, asset integration and scale, focused innovation, leading business po-
sitions and commitment to sustainability enable us to achieve profitable growth and help deliver
a sustainable future. We operate manufacturing sites in 30 countries and employ approximately
36,000 people. Dow delivered sales of approximately $43 billion in 2024. Learn more about us
and our ambition to be the most innovative, customer-centric, inclusive and sustainable mate-
rials science company in the world by visiting www.dow.com.

Dow has decades of experience in the pipe industry and works with leading pipe extruders and
specifiers to develop superior pipe products. We operate pipe technology R&D centers around
the world and are constantly working to improve resins and develop new materials that help
piping systems of all kinds operate at maximum performance. From mono-layer structures to
multi-layer, highly demanding pipe applications, we have base, adhesive and tie-layer/impact
modifier resins that can optimize reliable performance and cost-to-produce.

Our materials cover a variety of pipe applications, complying with related regional industry
standards and norms. Examples of applications include:

e Pressure pipes for water & gas distribution and oil & gas gathering:
Our portfolio includes high-performance materials engineered for durability, flexibility, and long-
term reliability, supporting a variety of applications from water distribution to industrial pipelines.

¢ Domestic heating and hot & cold-water plumbing pipes:
Dow's family of PE resins with raised temperature resistance has a proven track record of de-
livering excellent performance for more than 40 years. They can help the industry to increase
productivity and reduce production costs while offering performance enhancements related
to flexibility, gloss, recyclability or organoleptic properties in contact with drinking water. Tie
resins are available for multi-layer pipes.

¢ Other tailored polyethylene materials:
We have materials available that provide outstanding performance in a variety of additional
applications such as micro-irrigation, district heating, conduit systems, microduct, cable duct
or corrugated pipes.
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SILVER SPONSOR @ element

Studsvik 3.

61199 Tystberga, Sweden

Phone: +46-0-10-279-4710

E-mail: info.emt.epp@element.com

Home Page: www.element.com

Contact (primary): Marcus Rahm

Name of representative on the booth: Marcus Rahm

Element Plastic Pipes provides fully independent testing of plastic pipes for classification and
lifetime evaluation. We perform hydrostatic pressure testing, crack propagation testing, high
flow circulation loop testing, chlorine resistance testing and chlorine dioxide resistance testing
and have a capacity of 5,000 pipe samples.

The facility, located in Studsvik outside Nykoping, Sweden, not long from Stockholm. It is an
independent testing institute that has been performing pressure tests on plastic pipes since
1972. We primarily serve suppliers of plastic materials, plastic pipe manufacturers and end-users
such as water companies and verification organizations. But we also provide in-house labs with
extra testing capacity when needed.

Our independent testing services are ISO/IEC 17025 accredited to provide reliable and
reproducible test data to international ISO, CEN, ASTM, DIN, GB and AS/NZS standards.

Element Plastic Pipes contributes to safe and sustainable supply of water and energy, essential
to health, social and economic development of world’'s growing population. Serving the global
water and gas utility & infrastructure industry with long term testing of plastics piping materials
and related products.
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SILVER SPONSOR
Zaluzi 1. 43601 Litvinov, Czech Republic xﬂ

Phone: +420-476-161-111

E-mail: info@orlenunipetrol.cz

Home Page: www.orlenunipetrolrpa.cz

Contact (primary): Jan Brichac, Jacek Czaplinski

Name of representative on the booth: Jan Brichac, Jacek Czaplinski

ABOUT US

ORLEN Unipetrol is the largest refinery and petrochemical company in the Czech Republic. It focuses on
the processing of crude oil and on the production, distribution and sales of motor fuels and petrochem-
ical products, particularly plastics and fertilisers. The company ranks among the major players in these
fields on the Czech and Central European markets. The ORLEN Unipetrol group include refineries and
production plants in Litvinov and Kralupy nad Vltavou, the companies Paramo in Pardubice and REMAQ in
Otrokovice, and two research centres in Litvinov and Brno.

OUR HISTORY

We have a rich history dating back to 1939. The ORLEN Group entered Unipetrol as the majority sharehold-
erin 2005 and became its sole, 100% owner in 2018. On 1 January 2021, the Unipetrol Group changed its
name to ORLEN Unipetrol. The name change marked the completion of the company’s full incorporation
into the multinational ORLEN group, which is the largest company in Central and Eastern Europe.

OUR RESPONSIBILITY

We are undergoing a transformation in line with the principles of both the low-carbon economy and
the circular economy, as we annually invest more than CZK 1 billion in environmental protection. We are
also an active participant in the Operation Clean Sweep programme aimed at preventing the release of
plastics into the natural environment. ORLEN Unipetrol RPA is a holder of ISO 14001:215, ISO 9001:2015,
ISO 45001:2018 and ISO 50001:2018 certifications awarded by the renowned company LRQA. These cer-
tifications are confirmation of our commitment to environmental protection, quality, occupational safety
and health, and efficient use of energy.

OUR MISSION
We are bringing forth a strong future through the processing of natural resources.

OUR OPERATIONS

2 refineries with annual conversion capacity of 7.5 million tonnes of crude oil

3 polyolefin units with annual capacity of 595,000 tonnes

Ethylene unit with annual capacity of 544,000 tonnes

439 ORLEN filling stations in the Czech Republic, 97 ORLEN filling stations in Slovakia and 139 ORLEN
filling stations in Hungary

Filling stations equipped with electric-vehicle charging stands — 102 in the Czech Republic, nine in Hungary
STOP CAFE gastro facilities — 357 in the Czech Republic, 54 in Slovakia and 85 in Hungary

OUR BASIC PRODUCTS

HDPE LITEN is a recyclable, chemically resistant thermoplastic material.

r-PE, r-PP ENVITEN® are recyclable polyolefins manufactured by the company REMAQ.

PP MOSTEN is a recyclable, chemically and mechanically highly resistant thermoplastic material with a
high melting point. The product is non-toxic and completely odourless.

In addition to polyolefins, we also focus on the production of monomers, aromatics, agrochemicals,
Chezacarb carbon blacks and other products.
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SILVER SPONSOR 2 SCGC

Headquarter: 1 Siam Cement Road, Bangsue

Bangkok 10800 Thailand

Europe Office: Dokkveien 11

3920 Porsgrunn, Norway

Phone: +47-907-553-52

E-mail: elinamam@scg.com

Home Page: www.scgchemicals.com

Contact (primary): Elina Myhre

Name of representatives on the booth: Elina Myhre, Tine Rorvik, Peerada Samunual

SCG is a leading industrial conglomerate with over 55,000 employees in Southeast Asia, engaged
in a wide range of manufacturing activities, including plastic raw materials, cement, paper, and
packaging.

While headquartered in Bangkok, the company has established numerous collaborations, owner-
ships, and gradually expanding international offices to ensure growth through sustainable inno-
vation and business.

SCG Chemicals (SCGC) is the petrochemical business of SCG with integrated operating bases
in Thailand, Vietnam and Indonesia that cover the production and the sale of petrochemical
products, ranging from upstream monomers to downstream polymer products — polyethylene,
polypropylene and PVC.

SCGC's core business is innovative solutions within polymers used in the production of everyday
products, including food packages, automotive parts, medical devices, electrical appliances, and
infrastructure elements including high-pressure pipes and telecommunications cables.

During the last years SCGC has had a strong drive expanding and growing within green polymers
and low carbon solutions also acquiring assets in Europe within mechanical recycling of plastics.

SCGC™ HDPE pipe compounds are manufactured using bimodal technology with a high effi-
ciency catalyst specifically designed for pipe applications.

SCGC™ HDPE pipe compounds are on the PE100+ Quality Materials list and they possess
world-class properties: excellent processability, good long term creep property, high resistance
to slow crack growth, resistance to rapid crack propagation, and low sagging for big size pipes.
SCGC™ HDPE pipe compounds are available in various grades for both pressure and non-pres-
sure applications, such as water pipes, gas pipes, mining pipes, and drainage pipes.
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GALA DINNER SPONSOR
Avenue de Cortenbergh 71. teppfa

1000 Brussels, Belgium

Phone: +32-2-736-2406

E-mail: info@teppfa.eu

Home Page: www.teppfa.eu

Contact (primary): Vicky Chatzivasileiou

TEPPFA is the European Plastic Pipes and Fittings Association founded in 1991 with headquarters
in the European heart of Brussels. TEPPFA's 14 multinational company members and 12 national
associations across Europe represent 75% of the European market for plastic pipe and fittings
applications for building and infrastructure.

TEPPFA is a true value chain organization. An associated membership offers the opportunity to
the sector’s raw material and machine suppliers to join TEPPFA and contribute to the realization
of its numerous technical and sustainability projects.

TEPPFA's vision and strategy confirms its strong commitment to the EU’s goals of achieving a
circular economy and climate neutrality by 2050, while also delivering high-quality, durable
solutions. TEPPFA members play a pivotal role in delivering essential solutions for water
distribution and sanitation.

With Water Resilience high on the EU agenda to meet latest challenges from climate change
such as more frequent flooding and water scarcity, plastic piping systems are vital for mitigating
water shortages, managing flash floods, and supporting sustainable water infrastructure.

With a lifespan of 50 to over 100 years, a low carbon footprint, and ease of installation, these

systems are also key enablers in the transition to fossil-free energy, supporting the transport of
electricity, hydrogen, and biogas.
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IPAD SPONSOR

ASSOCIATION

c/o Kohlerdeboer Accountants

Alexander Battalaan 35.

6221 CB Maastricht, The Netherlands
Phone: +31-6-111-65118

E-mail: andrew.wedgner@lyondellbasell.com
Home Page: www.pelO0plus.com

Contact (primary): Andrew Wedgner

Founded in 1999, the PE100+ Association is a global industry organization made of leading
polyethylene manufacturers (currently 15) located in Europe and Asia. Its objective is to promote
consistent quality at the highest level in the production and application of PE 100 pipe materials,
thereby helping to create trust in high quality PE pipe systems.

Safety and quality control play critical roles in pressure pipe applications and the association
organizes the regular independent testing of pipes produced using member company PE100
materials. This enables the association to issue a "PE100+ Association Quality Materials List”
on a regular basis.

Guidance is provided an advisory committee of non-affiliated independent experts whom all
have many years of experience in different parts of the PE pipe value chain. Their main task is
to provide market guidance and feedback to the association, to ensure that industry needs are
being met.

The association supports the plastic pipe industry by developing tools and sharing technical
guidance for pipe design and installation, through events and the information provided on its
website. This includes the recently updated No-Dig technical guide for trenchless installation.
It also engages in ISO and CEN standardization activities and undertakes technical projects.
Recent examples have included determining hydrogen permeation rates and identifying a more
sustainable detergent for the accelerated stress crack resistance testing.

PE100+ Association is a founding member since 2004 of the PPCA, which steers, further
develops and organizes the Plastic Pipes Conference series.
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IPAD SPONSOR
PVC 4- PIPES

Avenue de Cortenbergh 71.

1000 Brussels, Belgium

E-mail: info@pvc4pipes.com
Home Page: www. pvc4pipes.com
Contact (primary): Vincent Stone

PVC4Pipes is the European Council of Vinyl Manufacturers’ dedicated platform representing the
entire PVC pipe value chain. Our primary role is to demonstrate the benefits of the use of PVC
in pipe systems within the global market, through targeted scientific and technical initiatives,
strategic engagement in standardisation processes, and dynamic communication efforts.

PVC4Pipes connects industry leaders and innovators with key stakeholders, including building
project owners, ensuring our partners gain direct access to vital industry networks and oppor-
tunities. Our participation in the Plastic Pipes Conference underscores our commitment to ad-
vancing industry knowledge, sharing cutting-edge research, and fostering collaboration across
the entire plastic pipes community.

Our Vision
PVC4Pipes aims to be the leading reference partner in demonstrating the acceptance and sus-
tainable utilisation of PVC in piping systems.

Our Mission

We achieve our vision through:

* Conducting scientific and technical projects.

* Engaging actively in appropriate standardisation efforts.
* Leading impactful communication activities.

By joining PVC4Pipes, partners benefit from enhanced visibility, networking opportunities, and
direct engagement with key market players and decision-makers.

WWW.PPXXIIT.COM « WARSAW 2025




c Pip
\ &
A

o ®

<
-
o

XXIl COMPANY PROFILES

IPAD SPONSOR @ PVCPIPE

association
201 E. John Carpenter Freeway, Suite 750.
Irving, TX 75062, USA
Phone: +1-972-243-3902
E-mail: info@unibell.org
Home Page: www.uni-bell.org
Contact (primary): Bruce Hollands

The Uni-Bell PVC Pipe Association (PVCPA) was founded in 1971 as a non-profit organization
and is the authoritative source of information on PVC water, sewer, and reclaimed water pipe.
PVCPA serves the engineering, regulatory, public health, and standardization communities in
the U.S. and Canada. Our mission is to promote use of longer-life, lower-maintenance, cor-
rosion-proof PVC pipe in water and wastewater systems — for real sustainability, strength, and
long-term asset management. The Association offers free technical and engineering support for
the design, installation, and application of PVC piping systems. Attributes of PVC pipe include:

e Low break rate

o Safe, easy-to-install, and cost-effective

» Independent life-cycle assessment conducted according to ISO 14040/14025

e Environmental Product Declaration certified by NSF International

e 70 years of use in North America with 100+ years of confirmed service life

» Most widely used pipe material for water and sewer projects in the U.S. and Canada

Utilities and public works officials can contact PVCPA to discuss use of PVC pipe in their water
and sewer systems for new developments or replacement programes.
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Maschweg 70. INSPIRE BEYOND MEASUREMENT

49324 Melle, Germany

Phone: +49-5422-60507-0

E-mail: info@inoex.de

Home Page: www.inoex.com

Contact (primary): Marcel Cardinal

Name of representative on the booth: Markus Hildebrandt

iINOEX GmbH is the integrated solution provider for pioneering measurement and control
technology for pipes, tubes, cables and profiles. INOEX GmbH, founded in 1984, has it's
headquartered in Melle, Germany, and is a subsidiary of CiTEX Group. It employs around 150
people worldwide.

Inspiration — Innovation — Integrity

Inspiration is the source of innovation. Innovation is at the heart of everything we do. Regardless
of the industry solutions, software, processes or services, we have made it our mission to exceed
industry standards so that manufacturers are guaranteed to offer high quality and reliable
products. Our innovative strength is characterized by commitment and investment in research
and development.

We manufacture pioneering solutions thataddvalue, increase efficiency and enable our customers
to operate successfully in an increasingly competitive environment. Our fast response times,
reliable and sustainable processing of customer requests as well as the dynamic development
of our range of services are part of our quality management. These services distinguish iINOEX.

We are all united by success. Cooperation, collaboration and communication are another
important pillar of our company. A committed team of employees is the most valuable thing for
the company and carries the tasks with a sense of quality and responsibility. We act with respect,
fairness and enthusiasm. The active participation of our employees in the development of the
company always keeps the company’s goals in mind. This is the only way to achieve the high
quality of our products, services and processes.
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LUNCH SPONSOR
®

BorntoCoil ®

Via Giovanni Battista Pergolesi 26.
Milano 20124, Italy Ba|zane
Phone: +39-02-603-572

E-mail: info@fb-balzanelli.it

Home Page: www.fb-balzanelli.it
Contact (primary): Angelo Paganizza

Present for almost 30 years in the field of automatic and semiautomatic coilers, FB Balzanelli
is synonymous with cutting-edge technology and high quality. FB Balzanelli can manufacture
coiling machines for coiling large and small-diameter flexible pipes and create packing and pal-
letizing systems to optimize coiling and storing processes for different types of pipes.

FB Balzanelli manufacturers three series of automatic coilers: Smart, Premium, and Excellence.
The various features provided by the three series allow clients to always make the best choice
for their production needs.

e SMART SERIES (The first step in automation):
Each pipe manufacturing process has its own characteristics: if a pipe is produced at standard
speed and size changes are not too frequent, the Smart series is perfect! Simple machines that
can meet standard production requirements but with the same coiling quality as other high-
end machines.

e PREMIUM SERIES (Quick settings with advanced features: great value for the quality):
If extrusion lines are getting faster and end customers are asking for medium quantity orders
and some different coil sizes, the Premium series is the right solution! It offers the right bal-
ance between performance, set-up time, and ease of use.

e EXCELLENECE SERIES (Highest performance combined with top-level automation):
High-speed extrusion lines, high-quality products, reduced labor costs, and frequent produc-
tion changes for on-demand orders are some of the reasons why the Excellence series is the
best solution.
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LUNCH SPONSOR TECNOMATIC

TECHNOLOGIES FOR PLASTIC
PIPES PROCESSING

Via Emilia 4 Azzano

San Paolo 24052 (BG), Italy

Phone: +39-0-310-375

E-mail: tim.van.putten@trelleborg.com
Home Page: www.tecnomaticsrl.net
Contact (primary): Massimiliano Vailati

Located in Bergamo, in the heartland of the Lombardy region (Italy), Tecnomatic offers machines
and turnkey projects for the plastic pipe industry. Since 1977, a continuously evolving company
able to grow in line with the market changes and to consolidate its name on the main worldwide
market for manufacturing of technology. Identifying the customer needs, analyzing the feasibility
of the project, defining the sale offer and verifying the production costs are the starting point.
Passion, technology and employees’ qualities the means to conceive the ideal solutions with an
appropriate balance between design, innovation and production needs.
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COFFEE BREAK SPONSOR battenfeld-cincinnati’s

a Davis-Standard Company

WeserstralRe 162.

32547 Bad Oeynhausen, Germany

Phone: +49-5731-2420

E-mail: tuerk.a@battenfeld-cincinnati.com
Home Page: www.battenfeld-cincinnati.com
Contact (primary): Andreas Turk

battenfeld-cincinnati is a leading company that manufactures energy-efficient, high-perfor-
mance extruders and complete extrusion lines providing complete solutions to customers’
specifications. battenfeld-cincinnati offers sustainable solutions for a wide range of applications
in all areas of pipe, profile, sheet, foam PVC sheet and pelletizing.

Sustainable Solutions is the promise to our customers. We ensure this by placing great value for
efficient material processing and efficient energy consumption. Part of this sustainability is to
deliver machine components that have long service lives and require minimal time for mainte-
nance or cleaning. Sustainable Solutions include extrusion components that are well suited to
new materials or recycled materials — helping the process of establishing closed-loop recycling.

Our global network, strong partnerships along the entire supply chain and cooperation with
renowned institutions and associations, we are able to handle these challenges as a team and
adapt to any situation for our customers.

We offer our customers Sustainable Solutions Worldwide with maximum performance and
energy efficiency, together with our customers we will develop the product solutions for today
and tomorrow.

battenfeld-cincinnati customers benefit from a comprehensive global sales and service network
and production facilities in Germany, Austria, China and United States of America.

battenfeld-cincinnati’'s product portfolio include:

e Single screw extruders

e Parallel and conical counter-rotating twin screw extruders
o Planetary roller extruders and pelletizing systems

» Monolayer and multilayer polyolefin and PVC pipe heads

o Co-extrusion feedblocks and roll stacks for sheet extrusion
e Downstream equipment for pipe and profile extrusion
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COFFEE BREAK SPONSOR & BAYSTAR

12212 Port Road

Pasadena, TX 77507, USA

Phone: +1-281-474-6000

E-mail: robin.bresser@baystar.com
Home Page: www.baystar.com
Contact (primary): Robin Bresser

Less business to business, more person to person.

At Baystar, we believe in the power of people. We produce highly customized enhanced poly-
ethylene for ultimate performance and solutions across the value chain by using an approach
centered around building strong, collaborative relationships with our customers.

Whether for flexible packaging, rigid products or pipe applications, we're here to provide the
support and knowledge our customers need. We've handpicked our team based on experience,
expertise, shared values, and character traits that make us uniquely positioned to grow as a team
and as a company. From our operators to production supervisors, technical advisors to quality
assurance experts, supply chain to sales and service — we're aligned in our mission to combine
innovative technologies with superior customer support to deliver a one-of-a-kind experience.
We take pride in being nimble and flexible so we can respond faster, better, and smarter. We
believe that our size is a distinct advantage: small enough to be true partners with a “get it done”
culture, and big enough to deliver top-shelf goods in a competitive marketplace.

Based in Pasadena, Texas, Baystar® was formed in 2018 to invest in the future of our industry.
Since then, we have constructed a one million ton-per-year ethane cracker in Port Arthur. The
ethylene produced by the cracker feeds Baystar's existing PE units, as well as our newest 625,000
ton-per-year Borstar® technology PE unit; the only one of its kind in North America.

Baystar is a keen supporter of the unique Plastic Pipes Conference series, and we are a proud and
dedicated member of the organizing committee for PPXXIl. We look forward to another great and
well attended event in Warsaw in September 2025 with an impressive number of interesting tech-
nical papers and fantastic networking opportunities with leading people in our industry.

Visit www.baystar.com to learn more.
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COFFEE BREAK SPONSOR (\

PLASTICS INDUSTRY
PO Box 957 P I P A PIPE ASSOCIATION
North Lakes QLD 4509 OF AUSTRALIA LIMITED

Australia

Phone: +61-459-919-437

E-mail: plasticspipe@pipa.com.au
Home Page: www.pipa.com.au
Contact (primary): Cindy Bray

Founded in 1999, the Plastics Industry Pipe Association of Australia (PIPA) is the peak industry body
representing manufacturers and suppliers of plastics pipe and fittings, resin suppliers, fabricators,
pipeline installers, rubber seal ring manufacturers along with training and certification bodies.

We're a non-profit association and our purpose is to promote the appropriate and contempo-
rary use of plastic pipes and fittings throughout Australia.

Underpinning our approach is a commitment to future-focused leadership. Through research,
education, technical expertise and advocacy, we help advance the use of plastic pipes and fit-
tings as a safe, durable and sustainable solution.

By collaborating with our members, industry professionals and global counterparts, we can lev-
erage the latest insights and technology. We use these to develop robust guidelines for best
practice manufacture, installation and use of plastic pipeline systems.

Australia’s vast landscapes require large-scale, special-purpose systems to move water, waste-
water, gas and to protect underground networks of power and communication cables. We
know the potential that plastic pipeline systems provide for long-life, sustainable infrastructure
that supports the circular economy.

By using resources responsibly through better design, we're working smarter. We're committed.
And we're working towards creating a healthier environment and sustainable future.
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COFFEE BREAK SPONSOR
Rollepaal

Rollepaal 13. Pipe Extrusion Technology
7701 BR Dedemsvaart, The Netherlands

Phone: +31-0-523-624-599

E-mail: info@rollepaal.com

Home Page: www.rollepaal.com

Contact (primary): Patrick van Bezouw

Rollepaal: Your trusted partner in pipe extrusion

With over 60 years of experience, Rollepaal is a global leader in plastic pipe extrusion technology.
We specialize in advanced solutions, including entire extrusion lines and stand-alone machines
that refine the production process and improve performance, productivity, and sustainability for
PVC pipe manufacturers.

What sets Rollepaal apart is our deep process knowledge. We don't just provide state-of-the-art
machinery; we leverage our expertise to help pipe producers optimize their entire production
process. Our team of engineers and industry veterans work closely with clients to analyze their
operations, identify areas for improvement, and implement solutions that streamline workflows,
reduce waste, and maximize efficiency.

Rollepaal strongly emphasizes optimizing raw material utilization and facilitating the integration
of recycled materials, resulting in cost savings for manufacturers and a reduced environmental
footprint. Our machinery is built with premium materials and components, ensuring durability,
reliability, and optimized client productivity.

Rollepaal will sponsor the coffee break at the PPXXIl Conference & Exhibition as part of its
commitment to advancing the industry. This event aligns with Rollepaal's view of fostering
the exchange of ideas and driving innovation in plastic pipe technology. We look forward to
engaging with industry experts, sharing insights, and contributing to the sector’s progress.
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COFFEE BREAK SPONSOR Shell Polymers

300 Frankfort RD

Monaca, PA 15061, USA

Phone: +1-844-776-5581

Home Page: https://www.shell.us/business-customers/shell-polymers.html
Contact (primary): Carl Baker

We are Shell Polymers

Our Commitment

Overall, pipe converters want a supplier who is in it for the long term, trustworthy and flexible
versus a supplier who treats the relationship like a transactional exchange. This means we em-
phasize our team'’s customer centric mentality across all levels of engagement and how we act.

Our Responsiveness

In today’'s fast-paced world, pipe converters value customer service and sales representatives
that are quick to respond with solutions. One such example of this responsiveness is our cus-
tomer hub — which serves as a direct line from converter to customer service and sales.

Pipe converters value a supplier who is transparent and proactive. Therefore, we feel it is impor-
tant to dial up our team'’s proactive nature with respect to our (Real)ationship (e.g., our customer
service coordinators proactively communicating potential issues to converters).

It is this people-first mentality, combined with actions, deep experience and the technological ex-
pertise of Shell Polymers, means we are uniquely suited to help move your pipe business forward.
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NATIONAL ASSOCIATION PARTNER / (
ONLINE PROCEEDINGS SPONSOR )

30 Szosa Chetminska Str.

87-100 Torun, Poland

Phone: +48-605-668-400

E-mail: biuro@prik.pl

Home Page: www.prik.pl

Contact (primary): Piotr Falkowski

The PRIK Association was established on the initiative of people representing the leading pro-
ducers of plastic pipes and fittings as well as people working in the field of research and imple-
mentation in the field of plastics processing.

The main goal of the Association is to conduct activities that integrate the environment of man-
ufacturers of plastic pipes and fittings, among others by representing this environment in front
of state administration and legislative bodies, as well as in relation to national and international
organizations in the field of statutory and standardization regulations as well as recommenda-
tions and directives in the area of production, use and recycling of plastic pipes and fittings.

The aim of the Association is to popularize plastic pipes and fittings as human-friendly products
and to disseminate information about possibilities and rules of their application.

The goals of the Association are achieved through:

* [ssuing statements on technical issues related to the production and application of plastic
pipes and fittings.

e Cooperation within working groups to develop standards for production and assembly work
of plastic piping systems.

* Cooperation with other organizations for the preparation, development and improvement of
standards and other normative acts for the plastics processing industry in the production of
plastic pipes and fittings and their application.

* Activities for the improvement of quality and improvement of production methods.

PRIK Association is also active on the field of standardization cooperating with Polish Stand-
ardization Committee (PKN) and heading (PKN) Technical Committee no. 140 related to plastic
pipes and fittings.

PRiK is a member of TEPPFA Association.
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EXHIBITOR V4 BOREALIS

Trabrennstrake 6-8 ﬂ
1020 Vienna, Austria 9 w/
Phone: +43-1-2240-0300

E-Mail: events@borealisgroup.com Bﬂrﬂuge

Home Page: www.borealisgroup.com

Contact (primary): Oleksandra Sydorenko

Name of representative on the booth: Olle Persson

About Borealis Infrastructure: Enabling life’s essentials

As a trusted and experienced partner with more than 50 years of experience (since 1967), Borealis
offers market leading polyethylene and polypropylene materials for pipe systems in water and
gas distribution, waste water and sewage disposal, plumbing, heating, and industrial, along with
multi-layer steel pipe coating solutions for onshore and offshore oil and gas pipelines. With the
proprietary Borealis Borstar® technology as the main foundation, complimented by selected
other processes, Borealis can offer a wide variety of tailored pipe solutions.

In addition, Borcycle™ M and the ISCC Plus certified Borcycle™ C compounds based on me-
chanically and chemically recycled feedstock as well as the ISCC Plus certified Bornewables™
compounds using renewable-based feedstock meet a growing demand for high-sustainability
building and infrastructure pipe polymers. At the same time, they align with Borealis's EverMinds™
platform to promote and accelerate the transformation of the plastics industry towards circularity.

By offering more durable and reliable as well as circular pipe solutions, Borealis' step-change
innovations continue to boost the sustainability of pipe networks by making them safer, leak
free, longer lasting and more efficient with installation costs reduced by up to 60% compared
to the traditional pipe material.

Based on Borealis’ European assets, its Middle Eastern joint venture Borouge as well as the
American joint venture Baystar®, Borealis confirms its position as a partner of choice for global
pipe customers, helping to meet the growing needs and requirements of the building and infra-
structure industry today and in the future.

Borstar is a registered trademark of Borealis GmbH.

Borcycle, Bornewables and EverMinds are trademarks of Borealis GmbH.
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EXHIBITOR @

Via Sopracomune 1.

26030 Volongo - Cremona, ltaly

Phone: +39-0372-845921 BRUNO FOLCIERI
Eimail: info@fOlCieri'com GRANU TORS FOR PLASTIC MATERIALS
Home Page: www.brunofolcieri.com

Contact (primary): Esmeralda Zoppi

Name of representative on the booth: Fabio Bello

THE COMPANY

Since 1946, Bruno Folcieri has been a leading Italian manufacturer of heavy-duty plastic granulation ma-
chinery. Our innovative granulators are revolutionizing the recycling industry, offering superior perfor-
mance and a reduced environmental impact.

Built with robust construction, high throughput capacity, and versatility to handle a wide range of plastics
(PET, HDPE, LDPE, and more), their easy maintenance and durable components minimize downtime and
operational costs.

HF:ONE STEP GRINDING OF LARGE PIPES

THE SOLUTION

HF granulators represent a significant innovation in the field of industrial grinding, offering a one-step solu-
tion specific for tubes and profiles of large diameter and high thickness, without the need for pre-milling.

These systems allow smooth and corrugated pipes in HDPE, PP and rigid PVC up to a length of 6 meters
or more to be continuously milled, eliminating the need for intervention by the operator and guaranteeing
a high level of safety.

THE PROCESS

The tubes are loaded into a loading hopper which hydraulically tilts them and unloads them into a feeding
box equipped with a horizontal pusher, which also allows the recovery of blocks and other production waste.
The pusher then advances the tube towards the grinding chamber, with a controlled progression in func-
tion of the load to ensure optimum use of the machine. The entire grinding process is fully automated.

ENERGY SAVING

A PLC system integrated with an adaptive control software ‘Soft Power Logic (SPL) ' that guarantees ef-
ficient and continuous grinding, with considerable savings on consumption which are very important in
large engines.

ASSISTANCE

Our service is guaranteed all over the world with specialized and highly qualified personnel able to deal
with seriousness and punctuality any type of intervention, supported by a large warehouse dedicated to
the supply of spare parts.

The machine is equipped with remote assistance so as to minimize machine downtime and troubleshooting.

POST CONSUMER RECYCLING

As we understand the key role advanced recycling technologies play in achieving a circular economy, these
granulators can be used for post-consumer recycling. In these cases, HF must be supplemented with other
machines to create a recycling line to be defined according to the material and level of contamination.

45
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EXHIBITOR | CEIS

Cr. Villaviciosa de Odon a Mostoles (M-856)

Km. 1,5. 28935, Mdstoles (Madrid), Spain

Phone: + 34-639-852-516

E-mail: nefernandez@ceis.es

Home Page: www.ceislab.com

Contact (primary): Nerea Fernandez Macias

Name of representative on the booth: Joaquin Lahoz Castillo

CEISLAB: Your Trusted Partner in Plastic Pipe Testing and Conformity Assessment

With over 25 years of experience in the field of conformity assessment, CEISLAB has positioned
itself as a key player in the testing, evaluation, of plastic products, as well as electrical systems
and energy efficiency solutions. Operating in more than 40 countries across all 5 continents,
we provide reliable testing services to a diverse range of clients worldwide. Our mission is to
support the industry by providing technical guidance, specialized training, and comprehensive
testing services, ensuring the highest levels of quality and compliance. With over 1,060 accred-
ited tests, we offer one of the most comprehensive testing portfolios in the industry.

What Sets Us Apart

At CEISLAB, we offer extensive testing capabilities to evaluate the characteristics and perfor-
mance of a wide range of plastic pipes systems, in accordance to an extensive catalog of in-
ternationally recognized standards; technical expertise through our team of professionals who
actively participate in the most prominent technical committees and associations in the plastics
sector, ensuring that we stay at the forefront of industry development. Also, as an ISO/IEC 17025
accredited laboratory, we guarantee technical excellence and impartiality in all our services.

Comprehensive Solutions for Global Needs

CEISLAB is committed to meeting the evolving needs of the industry. We provide complete test
packages designed to assess the conformity of water and gaseous fuel supply systems manu-
factured with innovative plastic materials. These solutions are tailored for manufacturers, cer-
tification bodies, and other key market players, helping them to demonstrate their compliance
with the highest quality standards.

Our Commitment to Innovation and Quality

By leveraging cutting-edge technologies and a deep understanding of international regulations,
CEISLAB ensures that every product we test contributes to building a safer and more efficient future.
Our dedication to quality and innovation has earned us the trust of industry leaders worldwide.

We are excited to share our knowledge and collaborate with experts from around the globe

at the Plastic Pipes XXIl Conference. Join us as we continue to shape the future of plastic pipe
systems through excellence in testing and conformity assessment.
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EXHIBITOR P DANISH
-dill TECHNOLOGICAL

Kongsvang Alle 29. INSTITUTE
8000 Aarhus C, Denmark

Phone: +45-7220-2000

E-mail: fpst@dti.dk

Home Page: www.teknologisk.dk

Contact (primary): Flemming Petri Steenfeldt

Name of representative on the booth: Flemming Petri Steenfeldt

Piping Systems and Components for Tap Water, Distribution, and Sewerage

With decades of experience, we specialize in helping businesses navigate the complex require-
ments for product certification and approval schemes. Our expertise ensures that you save time
and avoid unnecessary expenses when obtaining the necessary certifications for your products.
Through our internationally recognized laboratories and accredited testing and inspection ser-
vices, we provide the foundation for product approvals and certifications. By documenting that

your product meets the required standards, we enable you to legally market it with confidence.

Additionally, we are authorized to perform inspections and mechanical testing tailored to the
Nordic and German markets, ensuring compliance with regional regulations and standards.
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EXHIBITOR DROSSBACH

a4 Corrugated Pipe Solutions

Max-Drossbach-Stralse 7. 86641 Rain am Lech, Germany
Phone: +49-9090-7020

E-mail: info@drossbach.de

Home Page: www.drossbach.de

Drossbach / HD-series briefly

DROSSBACH is premium manufacturer of corrugated pipe machines and founded 1919 in Rain (Bavaria/

Germany).

With worldwide more than 120 turn-key projects Drossbach is leading in the segment of premium corru-

gated pipe machinery.

The (PE/PP/PVC) corrugated pipes are used as drainage-, rain- or cable protection pipes and replacing

concrete-, clay- or even solid wall pipes.

Our machines cover a pipe range from 7 mm up to 1.800 mm.

The machines and tools are suitable for the production of HDPE and PP without any change and extra

equipment for the line.

o Directly water-cooled mold block and integrated full vacuum system -> constant high quality -> lowest
weight/cost per meter

* Mold block inserts and tools are interchangeable between HD 1200 and HD 1800

e Mold block inserts with quick release hook for quick change

o Fully automatic, centralized lubrication system guarantees maintenance-free operation

o After having adjusted, the die head is fixed to the corrugator by means of the centering ring, no after-
wards alignment necessary

e The machine can be electronically adjusted in vertical and horizontal direction

» HD 1800 has a diameter range from ID 500 mm (20") up to OD 1800 mm (70"), mechanical speed ap-
prox. 1,5 mtr. (5 feet) and output: 1535 kg (3377 lbs) / h, weight: 43.000 kg (95.000 lbs) without molds

e HD 1200 has a diameter range from ID 150 mm (6") up to OD 1200 mm (48"), mechanical speed approx.
4,0 mtr. (13 feet) and output: 1200 kg (2640 lbs) / h, weight: 28.000 kg (61.600 lbs) without molds

« HD 1200/1800 have Shuttle principle combined with parking station allows the production of different
pipe lengths, also with integrated sockets

e DROSSBACH machine are equipped with an RCS (Remote Control System) to have access to the ma-
chine control systems. With this RCS we can support our customers online at any time and immediately

e The speed of DROSSBACH machines with inline socket is the same without inline socket (no speed reduction)

e Spiral mandrel die heads cares for a constant quality of the corrugated pipe with a consistent even wall
distribution

e The complete electronic parts in the separate control cabinet are cooled by air conditioner DROSS-
BACH socket with reinforced glass-fiber tape SAFECONNEC is the most economical system (only 1
seal) and easy to install

o DROSSBACH SAFECONNEC ensures long-term stability of the socket connection

o DROSSBACH pipe and socket has the same stiffness, so the tightness is ensured at the system deformation

» Water cooling bath is mounted on rails and can be moved up direct to the corrugator (faster cooling,
no pipe deformation)

e The saw is equipped with dimensionally accurate clamp halves (no pipe deformation or ovality and
therefore ensures better quality of cut)

e Shuttle system have almost no wear

» Optimal design of the pipe profile -> less weight -> material consumption

e Latest models:
. HD 700 from -> 1D 100 mm (4") to OD 700 mm (28")
. HD 65 -> high speed corrugator from ID 7 mm (3/8") to OD 65 mm (2 ¥2")

48
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Barthec
23 Chapman Place, Eagle Farm yj

Q4009 Brisbane, Australia

Phone: +61-0400-494-067

E-mail: wade@eartheco.com.au

Home Page: www.eartheco.com.au

Contact (primary): Wade Price
Name of representative on the booth: Wade Price

Eartheco is a Brisbane, Australia based industrial design house that delivers innovative solutions
to global environmental, safety and operational challenges.

These innovative solutions are researched, developed and designed through the lens of Eartheco’s
5 key principles:

1. Must have Practical Application

2. Must be Built for Purpose

3. Must deliver Environmental Sustainability

4. Must improve Safety

5. Must reduce Cost / Increase Margins

These five key principles ensure that the Eartheco innovative solutions deliver increased perfor-
mance for clients in a safe and sustainable way.

The Eartheco team has over 110 years of plastic pipe industry experience through Research and
Development activities, Storage, Handling and Transportation processes.

For over 90 years, pipes have been delivered in timber frames. A method plagued by inconsistency,
failure, waste, and safety issues for employees and community during transport and unloading.
Timber frames are typically discarded after a single use, contributing to environmental waste.

Eight years of research and development has delivered an engineered, designed, and certified
framing system specifically for the Plastic Pipe Industry. This has produced enhanced stability,
reduced waste, and improved operational efficiencies, with a simple frame return system utilizing
existing logistics.

Eartheco’s click and lock framing system prioritizes safety, environmental responsibility and
financial savings.

Visit us at our stand during PPXXII in Warsaw, Poland. We look forward to meeting you.
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154 East Brook Lane 2
Butler, PA 16002, USA

Phone: +1-724-283-1212

E-Mail: hgi-lab@atspa.com

Home Page: www.hgilab.com / www.atspa.com

Contact (primary): Scott Siddall
Name of representative on the booth: Mark Hensel

HGI LAB, based in Butler, Pennsylvania, is a leading American manufacturer of Hydrostatic
Pressure Testing systems. With over 50 years of expertise in engineering and designing custom-
ized hydrostatic testing equipment, we have built a reputation for reliability and consistency. At
HGI LAB, we stand behind the quality of our products, offering exceptional customer service
and clear communication. Our product line includes top-tier Burst Test Systems and Static Test
Systems, with a strong focus on tailored solutions to meet specific client needs. HGI LAB is both
ISO 9001 and ISO 17025 certified and is a trusted and respected brand in the industry.
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EXHIBITOR

Pyhrnstrasse 73.

4563 Micheldorf, Austria

Phone: +43-7582-62556

E-mail: office@ifw.at

Home Page: www.ifw.at

Contact (primary): Harald Schicklgruber

Name of representative on the booth: Harald Schicklgruber

ifw — the quality and technology leader — specializes in the development and construction of
high-tech moulds for plastic pipe connectors. The range comprises injection moulds for plastic
devices and fittings up to more than @ 1,200 mm in PVC, PP, PE, PVDF, PPSU, etc. for:

o Wastewater Systems

o Water Supply

o Exhaust Systems

e Gas Supply

e Customized mould specialties

ifw offers the best service and provides production-ready moulds with the shortest set-up and
production times.

ifw moulds are manufactured exclusively from high-grade steels on the very latest machines
available. The range of moulds manufactured includes multi-component and stack moulds,
modular systems, various master moulds and moulds with insert and tilting technology.

One special area of expertise of this Austrian company is the construction of large moulds
(up to 60 t mould weight).
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EXHIBITOR C]
Schulstralle 3. 86447 Todtenweis, Germany I

Phone: +49-8237-966-407

E-mail: carmen kuehbacher@iptnet.org

Home Page: www.iptnet.de

Contact (primary): Maximiliano Richter

Name of representative on the booth: Maximiliano Richter

For 55 years now, IPT has been leading the development & manufacturing of test equipment for the
plastics industry worldwide. The highly demanding international needs, regarding quality assurance in
the plastics manufacturing & processing industry, require equipment capable of ensuring reproducibility &
precision, which can be documented. IPT's concept is based on consistent & continuous highly-developed
solutions for the current needs of the plastics industry & end-users. Renowned international test institutes
& manufactures in the plastic industry rely for many years on IPT technology and equipment!

1. Know How
e 55 years of experience in the field of product & material testing in the plastics industry
o Close cooperation with regards to product development together with world-leading test- and re-
search institutes, as well as major manufacturers of materials & finished products
* A member of standardization committees & participation in int. conferences
1.1. Origin of the equipment & components
e |PT develops, designs, manufactures & checks the devices automatically on site in Todtenweis.
e Supplementary laboratory- & measuring equipment are purchased exclusively from leading equip-
ment manufacturers
e Supply parts & components are purchased mainly from Germany & the EU
1.2. Quality & Safety
o Certified quality system DIN EN ISO 9001, CE conformity
 Comprehensive testing, inspection & calibration of all equipment prior to delivery
1.3. Software
» Fully Comprehensive Test-Data-Management-Software IptDataLogging
o Operating software & equipment are to 100% developed by IPT
1.4. Product Quality
» Special attention to the selection of high-quality components & materials to ensure a long-life time,
low wear, & high availability
e Fully compliant to the applicable test standards

2. Economic Aspects
2.1. Sustainability & strength of IPT
e |PT is rated by D & B Germany as one of the top-rated companies.
* |PT stands for long-term, stable & cooperative customer relationships. This could be ensured by its
financially solid company structure & sustainable business strategy.
2.2. Energy-efficient design of the devices
¢ Use high quality insulation materials for thermal insulation
» Intelligent software control for maximum energy efficiency
IPT is your contact partner, from the first contact, to commissioning & after-sales service. All its divisions,
such as Development, Sales, Service & Administration, are located in Germany.
We produce our devices in Germany only, and confirm their origin within the European Union.
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EXHIBITOR @J URRY

No. 1018, South Moyu Road, Jiading District
Shanghai, China

Phone: +86 1378-8973-787

E-mail: chelsea.gin@jurry.com.cn

Home Page: www jurryextrusion.com

Contact (primary): Chelsea Qin

Name of representative on the booth: Jenna Fu

At JURRY, we take pride in being a family-owned plastics extrusion business rooted in innova-
tion and driven by passion. Established in early 1990s, our journey began when Mr. Shaofeng
Qin, JURRY president and a veteran with engineering background, assembled a talented team of
engineers to explore extrusion — a technology that was largely unfamiliar in China at the time.

From those humble beginnings, we have grown into a trusted leader in the industry world-
wide, supported by a dedicated team of over 200 employees and operating across an expansive
40,000 square meters. We proudly deliver over 4,100 plastic extrusion solutions to clients in
more than 120 countries.

Now led by the family’s second generation, we remain dedicated exclusively to extrusion with
craftsmanship. We are committed to upholding our commitment to quality, innovation, and
sustainability as we strive to maximize efficiency, minimize energy consumption, and optimize
comprehensive Industrial 4.0 solutions.

Looking to the future, we remain committed to driving technological advancements that not
only enhance our products but also contribute positively to our industry and society. Our vision
is to lead the industry in sustainable practices while empowering our customers with solutions
they need to succeed.
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kiwa
Wilmersdorf 50.

7327 AC Apeldoorn, The Netherlands

Phone: +31-8899-83393

E-Mail: marco.mekes@kiwa.com

Home Page: www kiwa.com

Contact (primary): Marco Mekes

Name of representative on the booth: Marco Mekes

Kiwa: expertise to improve quality

Kiwa is an independent highly qualified organization having testing and certification as its core activity.
Kiwa wants to be a partner for progress and create trust on the basis of its qualities as a recognized and
renowned certification and testing company, relying on testing, inspection, training, technology and
data services. The slogan ‘creating trust driving progress’ is our way of expressing our desire to devel-
op long-term relationships based on equality and geared to helping you improve your organization,
products, services, management systems and personnel. We have even made this motto a part of our
corporate style, affirming that it is our objective to help companies and organizations move forward.
Kiwa is globally active and has around 200 office and lab locations in over 35 countries all over the
world, our head office is located in the Netherlands. For plastics pipes, piping systems and materials the
leading Kiwa location is in Apeldoorn, the Netherlands.

Kiwa works for clients in the complete chain, from the raw material suppliers up to the pipe producer
and installer.

Focus on polymer and elastomeric materials and products

Kiwa has the expertise and lab facilities to perform almost all testing works on materials and products in
piping systems, including elastomeric materials. We are able to perform all standardized testing works
and further R&D testing works.

Standardization

Kiwa is on the front row when it concerns standardization activities for piping systems and materials.
Via active participation in the international standard committees, we are able to inform you about the
latest developments and future changes in the international standards.

Testing activities

Kiwa's testing activities are performed under ISO 17025 accreditation and the reports are recognized all
over the world. Long term strength evaluations on materials and pipes can be monitored 24/7 via the
Kiwa Online system.

Drinking water and the energy transition

Additional to all expertise and facilities on materials and testing Kiwa has its origin coming from the water
and gas distribution. Kiwa nowadays still has the leading position in the world on materials and piping
systems for drinking water, natural gas and hydrogen. For hygienic and drinking water aspects Kiwa is
fully involved on the implementations of the new European Drinking Water Directive and able to perform
hygienic testing works to various drinking water schemes. For the energy transition to renewable gases
like biogas, hydrogen, DME, ammonia, CO, we have multiple test and research options in house.

For more information on certification and testing of materials, pipes, fittings etc, please visit
www.kiwa.com or visit our booth No. 15 at the Plastics Pipes Conference in Warsaw.
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NSE

De Kleetlaan 12 A.

1831 Diegem, Belgium

Phone: +32-2-761-7405

E-Mail: europe@nsf.org

Home Page: www.nsf.org

Contact (primary): Giulia Soro

Name of representative on the booth: Samantha Duffy

NSF is an independent, global services organization dedicated to improving human and planet
health for more than 80 years by developing public health standards and providing world-class
testing, inspection, certification, advisory services and digital solutions to the food, nutrition,
water, life sciences and consumer goods industries. NSF has 40,000 clients in 110 countries and
is a World Health Organization (WHO) Collaborating Center on Food Safety, Water Quality and
Medical Device Safety.

NSF provides risk assessments, testing, inspection, and certification services for the water
industry from source to tap. NSF facilitated the development of the American National Standards
for all materials and products that treat or come in contact with drinking water to help protect
public health and the environment and minimize adverse health effects. In 1990, the U.S. EPA
replaced its own drinking water product advisory program with these NSF standards.
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EXHIBITOR pipes@ne

The Black Church, St. Mary’'s Place

Dublin 7, DO7P4AX, Ireland

Phone: +35-387-615-7530

E-mail: info@pipes.one

Home Page: www.pipes.one

Contact (primary): Sergii Sereda

Name of representative on the booth: Leonid Ryrakhovsky

Pipes.One is an innovative construction technology company that focuses on the development
of cutting-edge technologies in the production of the pipelines and manufacturing equipment to
implement these technologies. Pipes.One mission is rooted in the fundamental construction in-
dustry’s need for convenient, resource-saving and reliable technologies for materials production.

Pipes.One has created the unique solution to resolve the most urgent challenges of large di-
ameter gravity polymer pipelines production and laying, applicable in construction of sewage,
drainage, irrigation systems.

The key feature of Pipes.One technology platform is unique mobile unit, capable of manufactur-
ing large diameter pipeline (600 mm-2000 mm) right at the construction site.

It delivers outstanding opportunities for the market applications through a synergy of innova-
tive pipe design and unique manufacturing methods, creating an incomparable combination of
technical and economic benefits, such as lean production that allows deep customization and
the ability to produce pipes of larger diameter, significant reduction of pipes joining associated
installation costs, multiple times reduction of transportation cost and associated carbon footprint.
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Strawinskylaan 1475, WTC-Tower Ten, Floor 16 o
1077 Amsterdam, The Netherlands

E-mail: levent.obut@sabic.com

Home Page: www.sabic.com

Contact (primary): Levent Obut

Name of representative on the booth: Alexander Batalov

SABIC is among the world's top producers of polymers solutions with over 30,000 employees,
19 Technology and Innovation centers and 65 world-class plants worldwide.

Through a dedicated Global Pipe & Utilities Industry Segment team, SABIC focuses on the cur-
rent and future needs of the Value Chain, accelerating its strategy to become the preferred
world leader. SABIC produces the highest standard of PE, PP, and other types of raw materials
for pipe systems above or below the ground that are reliable, durable and of high performance
and high quality.

SABIC polymers contribute to more sustainable industry solutions, by extending the durability
of infrastructure pipes, supporting efficient installation through high crack resistance materials,
enabling the transportation of green energy through temperature-resistance cable ducts and
protecting clean drinking water.

Through SABIC's TRUCIRCLE™ portfolio and services, SABIC supplies materials that fulfill the high
requirements of the Pipe & Utilities Segment while lowering the Carbon Footprint and helping
companies around the world to drive the change needed to become a circular global society.

SABIC is committed to develop new materials and solutions for the industry with its dedicated
Pipe Technology and Innovation Center located in Geleen, The Netherlands. SABIC's Pipe indus-
try segment team helps our customers with material selection, enhancing production efficiency
and joint Value Chain collaboration.

For further information on SABIC and on our advanced polymer portfolio, please go to www.
sabic.com/en/industries/building-construction or Follow SABIC Solutions for Building & Con-
struction page on LinkedIn to learn about what's new and innovative in the Pipe and Utilities
Industry segment.
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EXHIBITOR

Anckelmannsplatz 1.
20537 Hamburg, Germany '

Phone: +49-173-759-4568

E-mail: tatjana.rat@de.sasol.com

Home Page: www.chemicals.sasol.com/ SaSDL
applications/polymer-additives

Contact (primary): Tatjana Rat
Name of representative on the booth: Stefan De Goede

Additives, raw materials and compounds for polymer applications

Sasol Chemicals is a global producer of innovative and high-performance solutions for the
polymer applications, offering fatty and oxo alcohols, glycol ethers, acetates, ketones, alco-
hols, polyethylene glycols, nonionic and anionic surfactants, paraffins, Gas-to-Liquid (GTL) Fis-
cher-Tropsch (FT) waxes and acrylic monomers.

Our unique polymer processing additives include Sasol's Fischer-Tropsch hard waxes (FTHW),
and functionalized waxes. These materials are outstanding internal and external lubricants for
PVC & CPVC processing. Sasol's FTHW improves the melting and flow behavior of the PVC and
enhances the surface quality of the finished product. Their low viscosity enables increase out-
put rates, higher filler loading, and improved quality. Our hard waxes are also used in injection
moulding, blown film, raffia, tapes, sheets, rubber extrusions and expandable polystyrene.
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Gamma 3.

8382 Hinnerup, Denmark

Phone: +45-8696-1933

E-mail: sales@sciteq.com, ddh@sciteg.com

Home Page: www.sciteq.com

Contact (primary): Linda Hedegaard

Name of representative on the booth: Dennis Damborg Hansen

SCITEQ Quiality testing systems designed in Denmark since 1966 for the plastics industry and
related industries.

With more than 50 years’ experience, SCITEQ A/S is one of the world's leading specialists in
process control and test equipment for the plastic pipe & fitting industry. We develop, produce
and service quality control systems and laboratory test equipment of the highest standard. Our
global customers and valued partners are leading manufacturers of pipes & fittings, raw material
suppliers as well as national and privately held independent test institutes. SCITEQ is represented
by sales agents globally in over 40 countries incl. North America.

We offer test equipment and software complying with national as well as international test

standards. For both complete laboratories as well as single stand-alone equipment. The SCITEQ

range of quality test equipment consists of:

» Pipe & fitting testing i.e. pressure test, impact test, leak tightness test, rapid crack propagation
test, compression test, tensile test, resistance to liquids and temperatures.

o Raw material testing i.e. melt flow test, density test, OIT, carbon black test.

o Preparation for test i.e. laboratory saw, copy miller, notch miller, conditioning chambers and ovens.

o Software: browser based and user-friendly software prepared for OPC UA, loT and Industry
4.0. Offering receipe system, remote control of tests and easy configurable report output.

We help you perform even better through 100% accurate quality testing.

Our testing equipment and software is best in class developed and manufactured in Europe.
When working with SCITEQ you gain full access to our extensive experience and competencies.
We acknowledge the importance of moving forward and being innovative and we take pride in
providing our customers with the most durable and future-proof solutions in the market.

Excellence in service

We believe service is the key to a fruitful and long-lasting cooperation. We are experts in testing,
fully focused on helping our customers increase their performance. Our team of experienced
project managers and engineers is dedicated to finding the best solution tailored to your plans
and needs. The highly skilled SCITEQ service engineers perform global on-site service and
training as well as online support 24/7, so you can rely on optimal performance.

Learn more here: http://www.sciteq.com
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EXHIBITOR

No. 111 Tianhe Road, Linping District, Hangzhou City,
Zhejiang Province, China
Phone: + 86-1596-8880-877

E-mail: starslpm@hotmail.com SH UANGI_IN
Home Page: www.shuanglingroup.com ;1***”'*"&

Contact (primary): Li Xing
Name of representative on the booth: Li Xing

Zhejiang Shuanglin Environment Co., Ltd. Plays an important role in global plastic pipe and
composite pipe production machinery industry since 1996.

Up to the year 2023, More than 1000 sets metal-plastic composite pipe lines, 1500 sets HDPE &
PPR & PVC pipe extrusion lines, 550 sets spiral HDPE pipe lines made by Shuanglin cover more
than 600 pipe factories in 70 countries.

Thanks to the comprehensive innovations and know-how developing, Shuanglin pipe machines
perform big advantage on operation friendly, long-term stable producing and fast on-line
remote service.

And, we made a big step on minimizing the defective pipe by three methods:
1. Higher automation system on welding seam tracking, aluminum tension control and high
precision aluminum trimming, makes much less welding failure.

2. The laser cross welder (high precision perfect aluminum welding) reduces a quite big share
of PEX-AL-PEX pipe rejections which happens on the aluminum strip connection. The cross-
welding seam is hole less and weak less, does not make any continuous production trouble
for both butt-welding (tig and laser) and overlap (ultrasonic) welding on aluminum pipe.

3. Revolutionary solution to recycle the Plastic-aluminum defective pipes.
As PSP (plastic-steel-plastic composite pipe) pipe machine pioneer, Shuanglin has installed

more than 30 sets PSP lines for China and India, started new time on the plumbing, chemical,
heating and conduct pipes.
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VA
Tiangiaosong, Economic Development Zone, Qingzhou SUBA
Shandong, China \‘

Phone: +86-1876-5639-190

E-mail: amywang@subamachinery.com

Home Page: www.subamachinery.com

Contact (primary): Amy Wang

Name of representative on the booth: Xiaojie Wang

Suba Machinery cooperates with world-renowned pipe manufacturers, has strong technical
strength and production capacity, and is a professional manufacturer of corrugated pipe extrusion
lines, the extrusion lines produce double-layer corrugated pipes from OD40 mm to OD2000
mm. Applicable materials: HDPE, PP, PVC. The corrugators adopt the latest fourth-generation
technology — closed-loop water cooling system, and the extrusion lines have a high degree of
automation and excellent performance. The extrusion line consist of the following main equipment:
extruders, corrugator, cooling tank, cutter, stacker, haul-off, winder, perforator etc.
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TRAC
Ahornweg 9. TESTING SOLUTIONS

86368 Gersthofen, Germany

Phone: +49-821-999-738-20

E-Mail: sales@trac-testing.com

Home Page: www.trac-testing.com

Contact (primary): Rainer Erdhofer

Name of representative on the booth: Rainer Erdhofer

The core aspects for any material testing solution are Traceability, Repeatability, Accuracy and
Confidence. TRAC was established with the idea to find new and innovative technological
approachesin order to achieve better performance, enhanced useability and increased efficiency
in pipe testing applications. Our mission is to respect best practices but still radically rethink
every approach from scratch in order to identify all possibilities for improvement. With extensive
experience in pipe testing, we also have the capability to tailor our solutions to the individual
needs of our customers.
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Pascallaan 80.

8218 NJ Lelystad, The Netherlands
Phone: +31-320-267-974

E-mail: tim.van.putten@trelleborg.com
Home Page: www.trelleborg.com

Contact (primary): Tim van Putten
Name of representative on the booth: Tim van Putten

We are protecting the essential for a future we can be proud of.

At Trelleborg, we believe in protecting what matters most. Our solutions are designed with a
purpose — to protect people, to ensure the reliability of industrial equipment, to secure key
infrastructure like water networks, ports and energy facilities, and to contribute to a low-carbon,
sustainable future. Every solution we develop is a step towards a future we all can be proud of.

Being part of the Trelleborg Group, Trelleborg Pipe Seals benefits from over 100 years of
experience in engineered polymer solutions.

Trelleborg Pipe Seals provides innovative watertight sealing solutions for pipes and manholes in
the drinking water, wastewater, and irrigation market segment.

Our portfolio includes solutions for sealing and repairing water and wastewater pipes. Our
applications expertise and polymer know-how enable best-in-class solutions found all over the
world. Meeting the exacting needs of our customers, time after time.

Trelleborg is a world leader in engineered polymer solutions that protect critical applications
in demanding environments. Its innovative solutions accelerate performance for customers in
a sustainable way. In 2023, the Trelleborg Group had annual sales of approximately SEK 34
billion in around 40 countries. The Group comprises three business areas: Trelleborg Industrial
Solutions, Trelleborg Medical Solutions and Trelleborg Sealing Solutions. The Trelleborg share
has been listed on the Stock Exchange since 1964 and is listed on Nasdaq Stockholm, Large Cap.
www.trelleborg.com

WWW.PPXXIIT.COM « WARSAW 2025




c Pip
\ &
A
o ®

<
-
o

XXIl COMPANY PROFILES #10

EXHIBITOR ZhongyunTech®

No.777, Dongfang Road,

New&Hi-tech Industrial Development Zone
Weifang, Shandong Province, China

Phone: +86-1558-9656-621

E-mail: mkt@zhongyuntech.com

Home Page: www.zhongyuntech.com

Contact (primary): Bi Zhenlei

Name of representative on the booth: Bi Zhenlei

Founded in 1963 in Weifang, China, ZhongyunTech is a leading manufacturer of corrugated
plastic pipe machinery. With 4 production bases, 1 R&D center covering 440,000 m?, and over
200 employees, the company is supported by advanced quality control and processing tools,
including three-coordinate measuring machines (CMM), laser trackers, and CNC equipment,
ensuring precision and reliability in products.

ZhongyunTech has consistently led innovation in the corrugated pipe machinery market, earn-
ing recognition for its dedication to quality and craftsmanship. Through continuous technolog-
ical advancements, the company has set benchmarks for the industry in China and expanded its
influence globally. ZhongyunTech's products are now exported to over 50 countries, including
key markets in Europe, the Middle East, Oceania, South America, and Africa, underscoring its
role as a trusted supplier in both domestic and international arenas.

ZhongyunTech'’s activities align closely with the objectives of the Plastic Pipes Conference,
which focuses on innovation and quality in the plastic pipe industry. ZhongyunTech's participa-
tion brings expertise in cutting-edge manufacturing and insights into sustainable and high-per-
forming piping solutions. ZhongyunTech'’s contributions foster collaboration among global
stakeholders, supporting the ongoing development of industry standards and advancing plastic
piping technologies worldwide.
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PROGRAM - DAY 1, 15" MONDAY

Day Start End Duration A-Sessions B-Sessions
15™ MONDAY, SEPTEMBER: PPXXII OPENING AND TECHNICAL SESSIONS
9:00 9:50 0:50 OPENING SESSION
9:00 9:10 0:10 | PPXXIl WELCOME — Zoran Davidovski — AUSTRIA (Wienerberger / Pipelife)
« ID109: Advancing Sustainability in the Plastic Pipe Industry: Strategies for Circular Solutions
9:10 9:30 0:20 and CO, Reduction — Zoran Davidovski — AUSTRIA (Wienerberger / Pipelife),
Yazgan Mete — AUSTRIA (Borealis GmbH)
e ID121: Preparing the Industry for the Upcoming Harmonised Rules for Products in Contact
9:30 9:50 0:20 with Drinking Water — Peter Sejersen — BELGIUM (The European Plastic Pipes and Fittings
’ ’ ’ Association — TEPPFA)
9:50 10:20 0:30 TECHNICAL BREAK
1A — DRINKING WATER 1B — INNOVATIVE APPLICATIONS
10:20 12:00 1:40 Chair: Peter Sejersen — BELGIUM Chair: Tony Calton — UNITED KINGDOM
. : : (The European Plastic Pipes and Fittings (The European Plastic Pipes and Fittings
Association — TEPPFA) Association — TEPPFA)
¢ :\/\De;ltse?i:a,l\iae\)/ri]%agpc?dhhcets,\‘iﬁvéggtssgv%li?gonS: » |ID116: Structural Design of Plastic Manholes:
10:20 10:40 0:20 i Focus on the Key Verifications
Drinking Water — Samantha Duffy — .
BELGIUM (NSF) — Ricky Selle - GERMANY (Selle Consult GmbH)
. . : ¢ ID231: The Use of HDPE Corrugated Pipes in
10:40 11:00 | 0:20 :\lDeZ\:/HI,D.riUnTg:g;S\t/\?;]tC:rn S mctive > Cristing {‘G‘CT otunneling - ‘?’ii)?"l"i“ Vigellis ~ UAE
. : : _ ’ nion Pipes Industry), loannis Inepekoglou
Costa — PORTUGAL (Cires Lda) —UAE (Borouge)
¢ ID144: Reducing the Level of Arvin ¢ ID202: New Technology for Improvement of
11:00 11:20 0:20 Substances in Pipe Applications Strength of Extruded Inline Sockets on
. : : — Gerd Mannebach — GERMANY Double Wall Corrugated Pipes — Kong
. (Basell Polyolefine GmbH) Lingxiang — CHINA (ZhongyunTech)
©
° N . ) ’ -
5 w:tif'sgﬂgfg:’a”ng&ﬁg‘gQ\Sgﬁzg"’t%ﬁﬂ” « 1D276: Revolutionising Plastic Pipe Handling:
= 11:20 11:40 0:20 Przemyslaw Hruszka — BELGIUM (The t\ Rey:able [S)ystemtff_r zafer, ‘I;vaﬁgegt_
European Plastic Pipes and Fittings OgIstics — Dermot Lindsay, Wade Frice —
Association — TEPPFA) AUSTRALIA (Eartheco)
« |D133: Paving the Way for the Use of ¢ ID236: Thermoplastic Boxes: The Evolution of
. i . Polymers as Barrier Materials in Drinking Polypropylene Stormwater Retention and
11:40 12:00 0:20 Water Pipes — Christoph Losher — Detention Systems — John M. Kurdziel -
GERMANY (FABES Forschungs-GmbH) USA (Advanced Drainage Systems, Inc.)
12:00 13:00 1:00 LUNCH SPONSORED BY @ TECNOMATIC
2A = WATER 2B — PROCESSING INNOVATIONS
. . . Chair: Ludo Debever — BELGIUM . s o
13:00 14:20 1:20 L " Chair: Christian Apel — GERMANY
(The European Plastic Pipes and Fittings (Radius G Holding)
Association — TEPPFA) adius Group Holding
i ; . ¢ ID123: Research and Practice of Anti-Sag
+ ID214: Resistance of Polypropylene Raised Technology for High Yield Extrusion of PE
13:00 13:20 0:20 Crack and Temperature Resistance (PP-RCT) L - . D
: : : p ) . : arge Diameter Thick Wall Plastic Pipe —
to Chloramine Solutions — Christopher Ziu Richard L CHINA (Ningbo Fangli
— USA (Nupi Americas) Icharc -ee — INgoo Fangli
Technology Co.,Ltd)
¢ ID220: Application Case of HDPE Siphon ¢ ID244: New Scanning Technology for Multi-
13:20 13:40 0:20 Rainwater System on the Roof of Large Layer and Structed Wall Pipes — Joseph
' ' ) Industrial Building — Huang Zhuying — Venegas — THE NETHERLANDS (Rollepaal
CHINA (Hongyue Plastic Group Co., Ltd) Pipe Extrusion Technology)
« 1D262: Coiling of Medium Pipes Sizes * ID137: OD 1600 mm FYC-U Pipe:
13:40 14:00 0:20 (PE Pressure Pipes) — Angelo Paganizza Infrast ? Chelsea Qin — CHINA
— ITALY (FB Balzanelli SpA) nirastructure = Lhelsea Win =
(Shanghai Jurry Plastics Machinery)
» ID282: Industry Insights, Best Practices /
Transitioning from Traditional Materials » ID150: Advancements in Material Savings in
14:00 14:20 0:20 Lessons Learned Transitioning from DI to PO Pipe Extrusion — Andreas Tiirk —
HDPE Water Main — Casey Haynes — USA GERMANY (battenfeld-cincinnati)
(Haynes Engineering & Excavation, LLC)
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DEYY Start End Duration A-Sessions B-Sessions
14:20 14:50 0:30 COFFEE BREAK SPONSORED BY @ Shell Polymers
3A — GLOBAL CASE STUDIES 3B — RENEWABLE ENERGY
14:50 16:10 1:20 | Chair: Andy Wedgner — THE NETHERLANDS | Chair: Randy Knapp — USA
(LyondellBasell) (Plastics Pipe Institute — PPI)
¢ ID230: Successful Implementation of Plastic
14:50 15:10 0:20 Pipes in Mine Subsidence Areas — Saviz ¢ TBA
Gharavi — AUSTRALIA (Savon Engineering)
» ID254: Case study of a PE-Pipeline with » ID179: Miami University Turns to Polypropylene
i . i Manholes DN/ID3500, Jointed by Integrated (PP) pipe for Campus-Wide Hydronic Heating
15:10 15:30 0:20 Electrofusion in the Philippines — Bernhard Upgrade — Steve Sandstrum — USA
Alexander Krah — GERMANY (Krah GmbH) (Borealis Compounds, Inc.)
¢ ID146: Low CO, Footprint High Voltage Cable
« ID264: PE100 Material Supports Sea Water Ducts Based on PE100-RC-HT Compound for
15:30 15:50 0:20 Cooling Project in Jazan — Saudi Arabia Green Electricity Transport in Germany —
— loannis Inepekoglou — UAE (Borouge) Herbert Terwyen — GERMANY (Basell
Polyolefine GmbH)
» ID187: Assessing Long-Term Effects and
« ID235: Using HDPE Pipe to Preserve the Permeation of Hydrogen Transported in
- 15:50 16:10 0:20 Great Salt Lake — Stephen Boros — USA Polyethylene Pipes — Marton Bredacs —
& (Pipeline Plastics) AUSTRIA (Polymer Competence Center
g Leoben GmbH)
=
16:10 16:40 0:30 COFFEE BREAK SPONSORED BY I_@ Rollepaal
Pipe Extrusion Technology
4A — CIRCULAR STRATEGIES 4B — ANALYSIS
16:40 17:40 1:00 |Chair: Dan Currence — USA Chair: Michael Pluimer — USA
(Plastics Pipe Institute — PPI) (Crossroads Engineering)
» ID195: Predicting the “1000-hour” Test
- ’ o ’ : According EN 1852-1 of Virgin and Post-
« ID251: Circularity of Plastic Pipes in Australia
16:40 17:00 0:20 | - Cindy Bray - AUSTRALIA (Plastics Industry gﬁd”SC“OTreersgg%%zd&%%‘;ﬁyﬁgﬁ grades
Pipe Association of Australia — PIPA) Messiha — AUSTRIA (Polymer Competence
Center Leoben GmbH)
» ID256: Stress Relaxation-Based Lifetime
. . ! : Estimation of Unpressurized Polyethylene
ID241. quta[nable Polyoleﬁn Feedstock for Pipes Containing Recycled Material —
17:00 17:20 0:20 Various Pipeline Projects — Yazgan Mete — Revisiting the J Strainability A h
GERMANY (Borealis GrbH) evisiting the Janson Strainability Approach
' — Daniel Zach — AUSTRIA (Montanuniversitat
Leoben)
¢ ID205: Assessing Environmental Impacts of ¢ ID257: Advanced Microstructural Insights
17:20 17:40 0:20 Circular PE-X Pipes — llari Aho — FINLAND and Optimization Strategies for Oriented PVC
(GF Building Flow Solutions) Pipes — Daniel Voces — SPAIN (Molecor)
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Duration

A-Sessions

B-Sessions

16™TUESDAY, SEPTEMBER: TECHNICAL SESSIONS

Tuesday

5A — RESILENCE AND SUSTAINABILITY

5B — COMPOSITES

9:00 10:20 1:20 |Chair: Steve Sandstrum — USA Chair: Suleyman Deveci — UAE
(Borealis Compounds) (Borouge)
’ » ID134: Analysis of sGF Orientation of
¢ ID265: A Revised NCLS Test Method to : f
Predict Service Life for Structure-Walled Polyethylene Reinforced with Short Glass
9:00 9:20 0:220 | pipes — Michael Pluimer — USA F"ﬁ.'ts P'ﬁ(‘? $y'§p'rahpr°§;ﬂ'£d'”9 Method
: ] ) _ — Mitsuaki Tokiyoshi —
(University of Minnesota — Duluth) (C.ITAKIRONCIVIL Corporation)
. . ¢ ID166: Specialized Multilayer Die-Head
* |D260: Are Microplastics a Problem for the X ]
9:20 9:40 0:20 Plastic Pipe Industry? — Tina Gruber — USA D%S'gbn ft‘NNev;dCc?ncegtEst&rAl\'l\ler(Suest;\c/in?f .
(University of Minnesota — Duluth) - nobert ecdgie — raussiarel
Extrusion GmbH)
. . ) ¢ 1D192: Paving the Way for the Use of
Isziﬂ'}gngéiegcniggiﬂ\sgg 'La?te;rsals on the Reinforced Thermoplastic Pipes for the
9:40 10:00 0:20 _ Michael OQRourke _ USA P Transport of Carbon Dioxide — Sjoerd Jansma
(Member of ASCE / SElI, SEI fellow) ~ THE NETHERLANDS
(Kiwa Technology)
* ID269: Assuring a Sustainable Future of Our | 15445, 5 aen Composition — Make Multi-
Industry's Workforce — Some North Layer Pipe Recyclable and Sustainable
10:00 10:20 0:20 American Resources for Those Interested in _ I}./i Xing — CH)I/NA (Zhejiang Shuanglin
Plastics Piping Systems — White G. Jee — Environrgnent Co., Ltd) Jlang 9
USA (JEE Consulting Services LLC) R
10:20 11:05 0:45 COFFEE BREAK SPONSORED BY O e
PIPA © .
6A — SUSTAINABILITY ASSESSMENTS | 6B — CHALLENGING ENVIRONMENTS
11:05 12:25 1:20 | Chair: Ilari Aho — FINLAND Chair: Vivek Rohatgi — USA
(GF Building Flow Solutions / Uponor) (Chevron Phillips Chemical)
« |D210: New EU Representative Environmen- . ) . . . .
tal Datasets (LCls) for Recycled PVC (Flake & | ° 'D128: Innovative HDPE Pipes with Superior
) . i h B " Abrasion and Crack Resistance for Mining
11:05 11:25 0:20 Micronised Powder) — Jean-Pierre Taverne >
o Applications — Pongpol Ekabutr — THAILAND
— BELGIUM (The European Plastic Pipes and (SCG Chemicals Co,Ltd.)
Fittings Association — TEPPFA) v
» ID250: Comparing the Environmental . N ~ .
) ) . Impacts of Different Piping Systems — Lucy | ° ID157: Investigation 0of a PP-RCT Pipe After
11:25 11:45 0:20 Croker, Matthew Hynes — AUSTRALIA 5 Years Use with 95 °C Hot Water
(Vinidex Pty Ltd Ipleyx) — Olle Persson — AUSTRIA (Borealis GmbH)
¢ ID129: The Recycling Commitment of the » ID158: Modeling of Brittle Fracture Behaviors
11:45 12:05 0:20 European Plastic Pipe Industry — Ludo of Polyethylene Pipes Under Oxidative
) . . Debever — BELGIUM (The European Plastic Environments — Jung-Wook Wee — REPUBLIC
Pipes and Fittings Association — TEPPFA) OF KOREA (Kyungpook National University)
. . . » 1D248: Mobile Extrusion Technology —
° !l-?ﬁgg E?ggi'f;g E;npblaosciliidPicaerti)nolmfra— A Sustainable Case Study in the Production,
12:05 12:25 0:20 structgre — Dan Currence — SSA Joining, and Installation of Long Lengths of
(Plastics Pipe Institute — PPI) HDPE Pipes in a Mining Application — White
P G. Jee — USA (JEE Consulting Services LLC)
12:25 13:25 1:00 LUNCH
7A — LEVERAGED LEARNINGS 7B — INNOVATION (RESIN)
13:25 14:45 1:20 | Chair: David Fink — USA Chair: Carl Baker — USA
(Plastics Pipe Institute — PPI) (Shell Polymers)
» ID267: Plastic Pipe Market Development after |e ID136: Reducing Greenhouse Gas Emissions
Economic Change in 1989 in Poland — Piotr through Innovation in the Plastic Pipe
13:25 13:45 0:20 Falkowski — POLAND (Polskie Stowarzyszenie Industry: Pathways to Low-Carbon
Producentéw Rur i Ksztattek z Tworzyw Polyethylene — Gaelle Pannier — BELGIUM
Sztucznych) (INEOS Olefins & Polymers Europe)
« ID190: Potable Water Disinfection i . - .
Resistance Classification Methodology for ° ::I)Delngs?t' DPeosllgentk?kl]:r:chtgrnitalfseolfjiHalr%Zt_er
13:45 14:05 0:20 HDPE Pipe Resistance as implemented in Pressu};e Piye —yUman A a?wal _ USA
North America — Patrick Vibien — USA (Shell Chame ™ ) 979
(Plastics Pipe Institute — PPI)
¢ ID212: Toward a Comprehensive Under- s ) .
standing of the Grafting & Crosslinking ° :_DJ\;\IBtS I—r\ugziFﬁengOmrené ?FVCAP'?FS Iiorn
14:05 14:25 0:20 of Polyethylene Using the SIOPLAS System OD C.’d Te. u c beisu N ZP%?N p,f,’( Cla ons
for the Production of PEX Pipe — Robert .F av'l '”gSCI’_ abanero - (Molecor
Samplonius — CANADA (KAFRIT NA) ecnologia SL)
» ID218: Plastic Pipes in Sustainable » ID193: Effect of Initial Morphology on the
14:25 14:45 0:20 Infrastructure: Dispelling Common Drawing Behavior and Final Properties of

Misconceptions — Tobias Johnsen

Biaxially Oriented Polypropylene Pipes — Mark

— BELGIUM (PVC4Pipes)

Boerakker — THE NETHERLANDS (SABIC)
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DEYY Start End Duration A-Sessions B-Sessions
t:,’\
14:45 15:15 0:30 COFFEE BREAK SPONSORED BY battenfeld-cincinnati’s
& Davis-Standard Compeny
ey e anlel] 8B — INSTALLATION DESIGN
15:15 16:35 1:20 | cpair: Mitsuaki Tokiyoshi — JAPAN &i:jalr: Jol('j!rlmqurdmels— tJSA ;
(C.I. Takironcivil Corporation) VEINESe RIS S =
¢ ID216: 25 Years of Collaborative Efforts to « |D107: Effect of Creep in Estimating
X i i Support the PE100 Pipe Industry Deflection of Buried HDPE Pipe — Chris
15:15 15:35 0:20 — Suleyman Deveci — UAE Ampfer — USA (WL Plastics LLC an
(PE100+ Association) INEOS Business)
>
(] L . . .
g + ID219: How China's Plastic Pipe Industryis | | 11194, pressure Testing of a Long Sections of
g 15:35 15:55 0:20 Preparing to be Sustainable — Wang Zhanjie Large Diameter PE Pipeline — Andrze]
= . . . — CHINA (China Plastics Processing Industry Roszkowski — POLAND (KMR s.c.)
Association — CPPIA) e
e 1D152: Standards Development Continues ° :?[;Zt?at-llr r? (gg\g) E_UV%) aqsittrv\ﬁﬁ%?“:?g;:ds
i . i Support of Polypropylene Pipe Market in Plastic Pipes? — Jean-Pi T _
15:55 16:15 0:20 North America — Steve Sandstrum — USA astc Flpes! ean-rierre Taverne
(Borealis Compounds, Inc.) BELGIUM (The European Plastic Pipes and
P - inc. Fittings Association — TEPPFA)
« |D181: Updated Polyethylene Product o ID237: Analysi
) . . : Analysis of Narrow Trench Impacts on
16:15 16:35 0:20 EL?:?:T%E%?%;:?;?S&LOT Sustainable Polyethylene Pipeline§ — Joseph Babcanec
THE NETHERLANDS (Kiwa Technology) — USA (Advanced Drainage Systems)

WWW.PPXXIIT.COM =«

WARSAW 2025




PROGRAM - DAY 3, 17" WEDNESDAY

DEYY Start End Duration A-Sessions B-Sessions

17" WEDNESDAY, SEPTEMBER: TECHNICAL SESSIONS & CLOSING

9A — VALUE ADDING 9B — STRUCTURED WALL
9:00 10:20 1:20 |Chair: Vincent Stone — BELGIUM Chair: Bruce Hollands — USA
(PVC4PIPES) (PVC Pipe Association)
« ID258: Advancing Climate Efficiency in » ID110: Innovative Approach to Measure
i i . Pipeline Renovation with No-Dig Layer Transitions of Corrugated Pipes
9:00 9:20 0:20 | Technology — Tobias Johnsen — BELGIUM | - Christian Schalich — GERMANY
(PVC4Pipes) (SIKORA AG)
« ID131: Advanced Recycling Options for ¢ ID259: 30 Years of Double Wall Corrugated
i i . Legacy Additives-Containing PVC Pipe PVC Piping System for Sewage Applications
9:20 9:40 0:20 | waste - Vincent Stone — BELGIUM — Pablo Peinado — SPAIN (Molecor
(Plastics Europe — EVCM Product Group) Tecnologia S.L.)
« |D149: A Solution for PVC Pipe Waste » ID113: Beyond Hoop: Axisymmetric Stress in
9:40 10:00 0:20 Legacy Additives — Eric Romers — BELGIUM PVC Pressure Pipe Joints — Guido Quesada
(INEOS Inovyn) — COSTA RICA (HULTEC)
» ID148: Options For Defossilation of PEX ¢ ID147: Design Method for Calculating Load
i i . Resins and Recycling Solutions For Interior Reduction when Using Plastic Instead of
10:00 10:20 0:20 Piping — Holger Bruening — GERMANY Concrete Pipes — Jan Vaslestad - NORWAY
(Basell Polyolefine GmbH) (GeoAnlegg AS)
10:20 10:50 0:30 COFFEE BREAK
z
°
]
5 10A — SUSTAINABLE USE 10B — FUSION
7] 10:50 12:10 1:20 | Chair: Andre Nijland — THE NETHERLANDS | Chair: Shane Schuessler — USA
= (Orbia Building & Infrastructure — Wavin) (ISCO Industries, Inc.)
« ID206: Higher Quality Recyclates for Pipe ¢ ID273: A Novel Electrofusion Welding Technique
Applications by Improved Mechanical for Large Diameter Pressure Class PE Pipelines:
10:50 11:10 0:20 Recycling — Jutta Geier — AUSTRIA Mechanical Assessment and Case Study
(Polymer Competence Center Leoben — El Mehdi Tamasna — GERMANY
GmbH) (Star Engineering Systems)

ID177: Validation of End-Use Application

Conditions for HDPE Conduit with Recyclate * ID221: Bvaluation of The Hydro-Axial Stress

11:10 11:30 0:20 : i . h Rupture (HASR) Test for PE100 Butt Fusion Joints
— Patrick Vibien — USA (Plastics Pipe A
Institute — PPI) — Suleyman Deveci — UAE (Borouge Pte. Ltd.)
« 1D188: Carbon Blacks in Pressure Pipes — » 1D240: International Round Robin Evaluation Of
11:30 11:50 0:20 a Successful History with a Sustainable Non-Destructive Test Methods For Polyethylene
. . . Future — Marc Delvaux — BELGIUM (CABOT Butt Fusion Joints — Suleyman
Corporation) Deveci — UAE (Borouge Pte. Ltd.)
» ID249: Improving Electrofusion (EF) Peel
¢ |D141: Evaluation of Tightness Testing for Decohesion Weld Test Interpretation
11:50 12:10 0:20 PE Pipes — Daniel Ejdeholm — SWEDEN Through Collaboration and Education —
(GPA Flowsystem AB) Matthew Hynes — AUSTRALIA (Plastics
Industry Pipe Association of Australia — PIPA)
12:10 13:10 1:00 LUNCH SPONSORED BY FB

Balzanell

BornioCoil=
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DEYY Start End Duration A-Sessions B-Sessions
v || o || e By
) ) " (Ba sfar) (Plastics Industry Pipe Association
Y of Australia — PiPA)
 ID278: The 100-Year Lifetime of PEL00/ | * (D167 Data btrategy is Key Lo the Circular
PEL0ORC Pipes — An Industry conomy — How Gravimetrics, Inline-
13:10 13:30 0:20 e : Measurement Systems and Data Contribute
Association’s Perspective — Suleyman to Sustainability — Markus Hildenbrandt
Deveci — UAE (PE100+ Association) O sustainabilty - Markus Hildenbrandt —
GERMANY (iNOEX GmbH)
« ID170: PVC-U Pipes: Optimal Extrusion ¢ ID215: The Impact of Comonomer on High
i . i Conditions for a 100+ year Design Lifetime Temperature Performance of Polyethylene of
13:30 13:50 0:20 | (part |l) — Joaquin Lahoz Castillo — SPAIN Raised Temperature (PE-RT) Resins — Alex
(CEIS, S.L) Stolarz — SWITZERLAND (Dow Europe GmbH)
. I » ID189: Leveraging Voluntary Data to Improve
* 1D232:100 Years Lifetime of Polyethylene the Safety of Gas Distribution Systems
13:50 14:10 0:20 Pipes — a Review — Gerald Pinter — AUSTRIA
(Montanuniversitit Leoben) Through the PPDC — Randall Knapp — USA
(Plastics Pipe Institute — PPI)
e |D272: A Sustainable 100 Year Design Life » ID261: Educating the Next Generation of
14:10 14:30 0:20 with HDPE Pipe — Stephen Boros — USA Plastic Pipe Experts — Michael Pluimer — USA
(Pipeline Plastics) (University of Minnesota — Duluth)
14:30 15:00 0:30 COFFEE BREAK SPONSORED BY ’EZ BAYSTAR
12A — DESIGN CONSIDERATIONS 12B — PRESSURE PIPE TESTING
. . l L . g Chair: Przemyslaw Hruszka — BELGIUM
15:00 16:20 1:20 |Chair: Camille Rubiez — USA o -2
> (Plastics Pipe Institute — PPI) (The European Plastic Pipes and Fittings
3 Association — TEPPFA)
w
o
% « ID172: Determining Accurate Friction
é Factors for Highly Crystalline, Ultra-Smooth,
Water Repellent PP-RCT Piping Systems and | e ID174: Chlorine Resistance Testing of Hot &
i i i Equivalent Lengths and K Factors for Molded | Cold Water Pipes a 30 Year Review and New
15.00 15:20 0:20 Long Radius 90° Elbows and Standard Challenges — Stefan Dreckoetter — GERMANY
Sharp-Turn Molded 90° Elbows By Full Scale | (Borealis Polymere GmbH)
Flow Testing — Christopher Ziu — USA
(Nupi Americas)
¢ ID132: Research on the Performance of
Axial Coefficient of Linear Expansion and o ID124: Permeability Coefficients of
i i i Applications for Plastic Pipes — Xiaowei Sustainable Gases Through Plastic Pipes
15:20 15:40 0:20 | Zhang — CHINA (SINOPEC (Beijing) - Sjoerd Jansma
Research Institute of Chemical Industry — THE NETHERLANDS (Kiwa Technology)
Co. Ltd)
e |D155: Thermal Analysis of Structural e ID127: Evaluation of Slow Crack Growth
Properties for Gravity Flow Corrugated Resistance In PELOORC: Will a Single Test
15:40 16:00 0:20 Polypropylene Pipe at Elevated Ever be Possible? — Carlos Dominguez —
Temperatures — Joseph Babcanec — USA SPAIN (Polymer Technology Laboratory —
(Advanced Drainage Systems, Inc.) Rey Juan Carlos University)
« ID271: Survey of United States Departments |[e ID208: The Impact of Different Ways of
of Transportation: Practices to Enhance Measuring the Notch Dimensions in CRB
16:00 16:20 0:20 Resiliency of Existing Roadway and test — Nadia Luijsterburg-Vleugels
Embankment Culverts — Sara Stone — USA — THE NETHERLANDS
(Crossroads Engineering Services) (Kiwa Expert B.V. — Kiwa Technology)
o . . CLOSING
16:20 16:35 0:15 Zoran Davidovski — AUSTRIA (Wienerberger / Pipelife)
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OPENING SESSION
XXII Day 1, Monday, 9:10-9:30

ADVANCING SUSTAINABILITY IN THE PLASTIC
PIPE INDUSTRY: STRATEGIES FOR CIRCULAR
SOLUTIONS AND CO, REDUCTION

Zoran Davidovski — Wienerberger / Pipelife, Vienna, Austria
E-mail: zoran.davidovski@wienerberger.com

Yazgan Mete - Borealis GmbH, Vienna, Austria

John Webster — Borealis Group, Burghausen, Germany

Sustainability and mitigating global warming are top priorities for both the planet and our plastic pipe
industry. The urgency for action has been growing rapidly, driven by increased awareness, stricter
regulations, and the negative perception of plastics due to single use and waste management issues.
While the industry is on a journey of discovery and adaptation, there remains significant uncertainty
and complexity in implementation, with regional differences adding to the challenge.

In Europe, the Green Deal'’s vision for 2050 and the “Fit for 55" initiative, which mandates a 55%
reduction in CO, emissions by 2030, versus a 1990 baseline, have started to shape a clearer
roadmap, with initiatives like Taxonomy and the Renovation Wave.

This paper explores sustainability strategies and insights from two major companies at different
stages of the value chain—both in virgin and recycled polymer production, as well as pipe system
manufacturing. The focus is on accelerating the transition to circular solutions and reducing the
CO, footprint during construction, use, and even at the end of life in construction and demolition.

Recognizing the collaborative nature of this challenge, the authors will share their experiences
from involvement in associations like TEPPFA and PE100+, as well as discussions in various forums
on the topic of sustainability. The next steps involve deepening industry-wide cooperation and
refining strategies to close the loop on materials and significantly reduce environmental impact.

ID109

WWW.PPXXIIT.COM « WARSAW 2025



¢ Plp

A 6“’\
OPENING SESSION >
Day 1, Monday, 9:30-9:50 XXII

PREPARING THE INDUSTRY FOR THE UPCOMING
HARMONISED RULES FOR PRODUCTS IN
CONTACT WITH DRINKING WATER

Peter Sejersen — The European Plastic Pipes and Fittings Association (TEPPFA), Brussels, Belgium
E-mail: peter.sejersen@teppfa.eu
Ilari Aho — GF Building Flow Solutions, Helsinki, Finland

European standardization of plastic pipe systems has been on the agenda since the eighties and
almost all applications are now described in common European standards. However, an impor-
tant exception are the hygienic requirements for products in contact with drinking water: Most
of the EU Member States have until now not coordinate their regulation. The result is a multitude
of different national requirements for the marketing of materials and articles in contact with
drinking water, first and foremost plastic pipe systems.

The revision of the European Drinking Water Directive was agreed in December 2020 and article 11
describes the requirements to our products. The commission was then empowered with six legal
and implementing acts and has now specified the details of the European Positive lists, requirements
to the products, assessment of conformity and marking. These six acts were agreed in Q1 2024.

The legislation will come into force 1st January 2027 where all new approvals must be in ac-
cordance with the harmonised rules. Until end of 2032, a transition period will allow producers
with existing approvals and certificates to place products on the European market.

As of today, more than 15 different certification and test organizations within the European
Union regulate the products and materials suitable for use with drinking water and the industry
therefore welcome the harmonisation across Europe.

However, we still must see the final decisions of a number of the details in the legislation. For
that reason, the member states and ECHA has worked out two guidance documents to help
interpreting the law-text and to help the notified bodies to align across member states. This
work is very important for our industry as we see several concerns already, e.g. in lack of labo-
ratory capacity, the method of translating the GC-MS results into concentration of “unexpected
Substances”. Also, the requirements of testing in chlorinated water will be new territory for us as
only one France has experience with this. Finally, we are monitoring the member states regula-
tion regarding the transition period as we fear a too strict interpretation.

The paper will explain the status of the regulation, the transition period and also the content of

the guidance documents. The paper will also discuss the challenges we see for our industry and
the measures we as TEPPFA are taking to mitigate.

ID121
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NAVIGATING THE NEW EU REGULATIONS:
MATERIALS AND PRODUCTS
IN CONTACT WITH DRINKING WATER

Samantha Duffy — NSF Global Water Programs, Diegem, Belgium
E-mail: sduffy@nsf.org
Amani Jaafar — NSF Global Water Programs, Diegem, Belgium

The implementation of minimum hygiene standards for materials and products that come into
contact with drinking water, as established by the European commission through three im-
plementing decisions and three delegated regulations. These regulations aim to ensure that
final materials used in water systems meet stringent hygiene requirements, do not compromise
water quality and enhance consumer safety. This document details the testing and acceptance
procedures for various material categories, including organic, cementitious, metallic, enamels,
ceramic, and other inorganic materials. it also describes the conformity assessment procedures,
including modules B, D, and C, and the accreditation of conformity assessment bodies. The im-
plementation timeline is set, with regulation (eu) 2024/370 applying from December 31, 2026,
and a deferred application for products already compliant with national hygiene requirements
until December 31, 2032.

This paper discusses challenges and solutions related to the harmonization of materials testing
and evaluation, particularly for plastic granulates and pipes. It also introduces a new developed
protocol for pre-product certification, to streamline the certification process and reduce costs
and time. In addition, a strategy for solving challenges brought forward by the industry.

ID156
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STRUCTURAL DESIGN OF PLASTIC MANHOLES:
FOCUS ON THE KEY VERIFICATIONS

Ricky Selle - Selle Consult, Leipzig, Germany
E-mail: r.selle@selle-consult.de

Since about 50 years, circular plastic manholes gain constantly market shares in drainage and
sewerage networks in competition with traditional concrete products. Structural behavior of
flexible plastic manholes is very different from rigid concrete manholes. However, so far no in-
ternational standard exists on design of these products. There are some national regulations like
ASTM F 1759 in North America or a preliminary draft DWA Worksheet M 127-4 in Germany. Of
course, there are various approaches and different focuses.

Against this background, TEPPFA will provide a state-of-the-art web tool for structural design of
plastic manholes. This tool is approved by the writer and based on findings gained in extensive
in-situ testing of plastic manholes in a sandbox of a German test house in 2022.

A key challenge for developing the web tool is to define the relevant load cases and verifica-
tions. In comparison to pipes, manholes are more complex structures which often combine
various materials regarding cover, shaft and bottom plate. Structural assessment of pipes is bro-
ken down to verifications on a circular structure in a 2D-plane. This is simple and effective. For
manholes, vertical soil pressure is distributed in the subsurface 3D space normal and longitu-
dinal to the shaft. The horizontal soil pressure acting on the manhole is changing with depth.
While pressure from traffic is decreasing with depth, pressure from soil is increasing together
with water pressure if present. Potentially, there is many load cases and parts of the manhole,
which can be assessed.

The presentation will explain what the governing design criteria are to be covered by the TEP-
PFA design tool. The application is focused on plastic shaft and bottom plate, since most covers
are not product specific and installed independently from the manholes. The tool follows the
Eurocode principles with partial safety factors, which is called load and resistance factor design
(LRFD) in the ASTM standards. In ultimate limit state, stress and buckling analysis is conducted
for the shaft at the respective depth and stress analysis for the bottom plate. In case of ground
water, also an uplift verification is provided. In serviceability limit state, deflections are calculated
for the upper edge of the shaft and the bottom plate in case of ground water.
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UNDERSTANDING THE IMPACT OF THE NEW
DRINKING WATER DIRECTIVE

Cristina Costa — Cires Lda, Estarreja, Portugal
E-mail: catherine.michel@shinetsu.nl
Catherine Michel - Shin-Etsu PVC b.v.,, Louvain-la-Neuve, Belgium

Directive (EU) 2020/2184, known as the “drinking Water Directive” (DWD), entered into force on
January 12, 2021 following a recast of the original 1998 Drinking Water Directive. This directive
aims to protect human health against the harmful effects of contaminated water and to improve
the access to drinking water. Article 11 of the DWD sets out the framework for minimum hygiene
requirements for materials in contact with drinking water by means of three Implementing Deci-
sions and three Delegated Regulations published in the Official Journal on 23 April 2024.

The European Chemicals Agency (ECHA) is supporting the European Commission in this work
by preparing:

» European positive lists of starting substances, compositions and constituents that are author-
ised for use in the manufacture of materials in contact with drinking water that can be found
in Commission Implementing Decision (EU) 2024/367. The development of the EU positive
list is performed on the basis of substances authorized according to Reg. (EU) 10/2011, the
“4MS-Initiative” (4MSi) list and EU national lists. New requirements or more stringent limits
might appear.

» Procedures for updating European positive lists through an application process described in
Commission Delegated Regulations (EU) 2024/369.

» Risk assessment methodologies for reviewing starting substances, compositions and constit-
uents that could be added to the positive lists.

After the first EU positive lists were published, ECHA will continue to keep these lists up to date
by adding new entries and amending or removing existing entries. It will also be the responsibil -
ity of the producer of the substances to provide the adequate information on time via the ECHA
IUCLID6 tool in order to maintain their substances on the positive list.

This presentation will focus on some of the key challenges from the DWD on the organic mate-
rials and more specifically on PVC products in drinking water applications. A survey performed
by the Vinyl Industry highlighted that most of the substances used for the manufacturing of
DW products are listed, though some crucial substances are either not listed or might have to
be petitioned on a short notice. Additionally, some substances have been given much stricter
requirements than in previous national legislations and adequate analytical methods might not
be available. Proactivity and good communication across the operators of the vinyl industry will
be needed to guarantee full compliance.
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THE USE OF HDPE CORRUGATED PIPES
IN MICROTUNNELING

Gregory Vigellis — Union Pipes Industry LLC, Abu Dhabi, United Arab Emirates
E-mail: gregory@upi.ae, ioannis.inepekoglou@borouge.com

Mohamed Hageb - Union Pipes Industry LLC, Abu Dhabi, United Arab Emirates
loannis Inepekoglou — Borouge Pte Ltd, Abu Dhabi, United Arab Emirates
Abdullah Saber — Borouge Pte Ltd, Abu Dhabi, United Arab Emirates

The integration of High-Density Polyethylene (HDPE) corrugated pipes and micro tunneling
technology in sewage and storm water piping systems offers significant advantages in terms
of durability, efficiency, and environmental impact. HDPE corrugated pipes are known for their
high strength-to-density ratio, flexibility, and resistance to corrosion and chemical reactions,
making them ideal for long-term use in harsh underground environments. Their lightweight
nature also facilitates easier handling and installation, reducing labor costs and time.

Micro tunneling, a trenchless construction method, further enhances the benefits of HDPE pipes
by minimizing surface disruption and environmental impact during installation. This technique
allows for precise and controlled pipe placement, even in challenging soil conditions, and is par-
ticularly advantageous in urban areas where traditional open-cut methods would be impractical
or disruptive. The combination of HDPE corrugated pipes and micro tunneling results in a ro-
bust, cost-effective, and sustainable solution for modern sewage and storm water management
systems, addressing both current infrastructure needs and future demands.

This paper aims to highlight the perceived and actual advantages of using HDPE corrugated
pipes in micro tunneling. To achieve this, it will present three different cases of HDPE corrugated
pipes encased in concrete and installed via micro tunneling in various locations/projects in Abu
Dhabi, the capital of the UAE.

The cases include a) Avoiding disturbance to a busy road leading to an industrial area, b) Pre-
serving a beautifully landscaped residential area of villas where intervention is not allowed, and
c) Connecting a residential island’s expanding sewage mainline to Abu Dhabi’s city-backbone
sewage network.

In these scenarios, the trenchless installation of HDPE corrugated pipes proved to be the best,
fastest, most reliable and ultimately the only alternative. These pipes were installed in challeng-
ing terrains, such as beneath a water canal at great depth, under busy roads at shallow levels,
and in loose soil conditions. They were pushed through using No-Dig techniques, applying high
loads and horizontal forces from manhole to manhole.
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REDUCING THE LEVEL OF ARVIN SUBSTANCES
IN PIPE APPLICATIONS

Gerd Mannebach — LyondellBasell Industries (Basell Polyolefine GmbH), Frankfurt am Main, Germany
E-mail: gerd.mannebacha@lyb.com

In 2002, Professor Eric Arvin from the Department of Environmental Engineering at the Techni-
cal University of Denmark in Lyngby published his findings on the migration of organic additives
from PE pipes into drinking water 1). He detected ten different organic substances, identifying
them as either starting materials or decomposition products of the antioxidants used.

To limit the migration of these Arvin substances into drinking water, the new Drinking Water
Directive (EU) 2020/218422) established Maximum Tolerable Concentration levels (MTC) for all
Arvin substances.

A detailed analysis of the antioxidants used revealed significant variations in the content of Arvin
substances from different suppliers. Compounds were prepared using the best and worst com-
binations of additives based on their Arvin content, and pipes were then processed from these
compounds. These pipes underwent migration tests, and the concentration of Arvin substances
was also measured directly in the produced pipes.

Additionally, further compounds were created using antioxidants with different chemical struc-
tures that could not degrade into Arvin substances. Pipes made from these compounds were
also subjected to migration tests in drinking water.

This paper will explore how cleanliness and alterations in the chemical structure of antioxidants
affect the migration values of Arvin substances into drinking water. The findings will contribute
to optimizing antioxidant packages used in drinking water pipes, ensuring they meet the re-
quirements of the upcoming Drinking Water Directive.
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NEW TECHNOLOGY FOR IMPROVEMENT OF
STRENGTH OF EXTRUDED INLINE SOCKETS ON
DOUBLE WALL CORRUGATED PIPES

Kong Lingxiang - ZhongyunTech, Weifang, China
E-mail: 8711911@gg.com
Zhang Shanyou - ZhongyunTech, Weifang, China

Extruded, in-line sockets in corrugated pipe systems show certain weaknesses in their resistance
to external pressure compared to injection-molded sockets. They tend to deform. This usually
occurs when these pipes are stored, especially if the storage and proper handling requirements
are not followed.

A new technology for producing these sockets allows the implementation of a significantly
more robust design without negatively affecting the production output of the corrugated pipe
production line. This is achieved, both by an advanced design of the socket and by the introduc-
tion of a new cooling system for corrugated pipe production lines.

ID202

WWW.PPXXIIT.COM « WARSAW 2025




¢ Plp

A 6“’\
> 1A - DRINKING WATER
XXII Day 1, Monday, 11:20-11:40

DETECTION OF ARVIN SUBSTANCES IN WATER
SAMPLES AND PIPE APPLICATIONS

Przemyslaw Hruszka — The European Plastic Pipes and Fittings Association (TEPPFA), Brussels, Belgium
E-mail: przemyslaw.hruszka@teppfa.eu

TEPPFA has approached Eurofins Product Testing in Denmark for assistance and for being the
leading laboratory for an interlaboratory comparison test of measuring the substances, listed in
table 4 in the annex of in the Commissions Delegated Regulation 2024/369. The substances are
degradation products of stabilizers with a phenolic structure, also known as the Arvin substances.

The purpose of the study was to investigate and document the performance of the analytical
test methods used for quantification of the degradation products migrated into water from
pipes used for drinking water installations.

11 laboratories, located in Denmark, Germany, The Netherlands, Italy and Austria were invited to
participate in the interlaboratory comparison test. 10 of these laboratories participated.

A two-fold interlaboratory comparison test was organized. In the first interlaboratory compar-
ison test analysis was carried out on spiked water samples. These samples are used to evaluate
the analytical measurement technique (preconcentration, instrument analysis and quantifica-
tion etc.) used by the participating laboratories. The second test includes water migration and
water analysis from two different pipe materials provided by TEPPFA.

The participating laboratories were asked to provide detailed method information such as:
analytical technique, quantification principle, detection limit and measurement uncertainty.
Semi-quantitative results were not included in the consensus value.

Test results showed an RSD (Relative Standard Deviation) between 12% and 46% for the spiked
samples and a slightly higher RSD for the test of pipe samples.

An overall conclusion of the study is that a standardized and accredited method for measuring
these substances is needed.

The paper will go in detail with the findings of the study and highlight the variations coming from
different methodology and technique in the extraction, concentration and detection.
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REVOLUTIONISING PLASTIC PIPE HANDLING:
A REUSABLE SYSTEM FOR SAFER, EFFICIENT LOGISTICS

Dermot Lindsay, Wade Price — Eartheco, Brisbane, Australia
E-mail: dermot@eartheco.com.au, wade@eartheco.com.au

The plastic pipe industry supports critical sectors such as plumbing, agriculture, construction,
irrigation, and telecommunications. However, traditional logistics methods, particularly sin-
gle-use timber frames, have proven inefficient and hazardous. Issues such as structural failures
during transport, worker injuries from manual handling, and community accidents during un-
loading underscore the urgent need for sustainable and innovative solutions.

This presentation introduces a reusable pipe framing system, a transformative approach to im-
proving plastic pipe logistics. Grounded in five core principles—safety, efficiency, practicality, suit-
ability, and sustainability—this system redefines standards for transport, storage, and handling.

The system’s development followed an intensive R&D process, including:

» Material Innovation: Testing materials such as rHDPE and glass-fibre PE to achieve durability,
lightweight properties, and cost-efficiency. The product is designed to be produced with re-
cycled PVC material, primarily from pressure pipe and fitting compound waste, and byproduct
from production processes.

» Design Optimization: Using Finite Element Analysis and lab testing to create a modular design
compatible with pipes of various lengths, diameters, and materials, ensuring structural integ-
rity under transit forces.

e Prototyping and Field Testing: Real-world trials in Australia, New Zealand, and the UK validated
performance across scenarios such as loading, unloading, and road transit.

Real-world deployment delivered significant benefits:

» Transport Efficiency: Optimized stacking and load distribution increased vehicle capacity utili-
zation, reducing costs, trips, and carbon emissions.

» Storage Optimization: Improved vertical and horizontal stacking enhanced warehouse
throughput without requiring expansions.

» Safety and Operational Savings: Streamlined handling processes reduced labour demands and
significantly improved safety for workers and communities.

Customer trials confirmed the system'’s effectiveness, with end users praising its ease of use, waste
reduction, and seamless integration into existing workflows. A cost-benefit analysis reveals substan-
tial savings within the first year of implementation, driven by lower logistics costs and reduced waste.

Case Study

Future iterations will include loT-enabled sensors for real-time frame tracking, automation in
loading processes, and eco-friendly material upgrades. The system aligns with global legisla-
tive requirements for sustainable packaging disposal and recycling, offering a forward-thinking
solution to the industry’s environmental challenges.

By addressing longstanding inefficiencies and safety concerns, this reusable pipe framing sys-
tem sets a new benchmark in logistics, delivering safer, more efficient, and environmentally
sustainable supply chains.
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PAVING THE WAY FOR THE USE OF POLYMERS AS
BARRIER MATERIALS IN DRINKING WATER PIPES

Christoph Losher — FABES Forschungs-GmbH, Munich, Germany

E-mail: christoph.losher@fabes-online.de

Regina Wyrwich - FABES Forschungs-GmbH, Munich, Germany

Markus Ulrich — FABES Forschungs-GmbH, Munich, Germany

Przemyslaw Hruszka — The European Plastic Pipes and Fittings Association (TEPPFA), Brussels, Belgium
Peter Sejersen — The European Plastic Pipes and Fittings Association (TEPPFA), Brussels, Belgium

High demands are placed on materials that come into contact with drinking water for example
according to the Drinking water directive (DWD (EU) 2020/2184 [1] with Implementing decisions
(EU) 2024/365,367-371 [2]). The DWD regulates, among other things, the migration of additives
from materials in contact with drinking water for the whole European Union. Pipes carrying drink-
ing water must not only meet the requirement that there is no increased migration of substances
from the material they are made of, but also ensure that any contaminants from the surrounding
soil or groundwater do not contaminate the drinking water over the entire service life. We present
a two-stage process that ultimately enables an assessment of different pipe materials in terms of
their suitability as a barrier pipe against permeation from the outside in a reasonable time frame.
Parts of this process are carried out in accordance with the BRL K-17102 [3] guideline, but certain
material properties of the plastic barrier layers require an adaptation of the procedure.

The first step is to select model migrants that represent the actual contamination in the soil as
closely as possible. These model migrants are used to carry out permeation experiments from
a saturated solution of the migrant (donor) through the barrier layer into initially pure water
(acceptor). The breakthrough time and the increase in migrant concentration in the acceptor
make it possible to determine the so-called diffusion coefficient, which describes how quickly
the migrant moves in the barrier layer matrix. Another parameter to be determined is the so-
called partition coefficient, which makes it possible to describe the behavior at the interfaces by
determining the solubility of the migrant in the individual layers.

In the second step, the experimentally determined parameters are used to assess the perme-
ation behavior of the pipe over its entire service life. This is done via the repeated numerical
solution of Fick’s 2nd law in cylindrical coordinates.

Overall, we can thus demonstrate a completed and reproducible procedure for assessing the
suitability of plastic pipes as a barrier against contaminated soil/groundwater.
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THERMOPLASTIC BOXES: THE EVOLUTION OF
POLYPROPYLENE STORMWATER RETENTION
AND DETENTION SYSTEMS

John M. Kurdziel - Advanced Drainage Systems, Inc., Hilliard, United States of America
E-Mail: john.kurdziel@ads-pipe.com

Climate change has led to more intense and frequent significant weather events that has stressed
our current infrastructure systems. The on-site retention or detention of the runoff from these
events has made it imperative to minimize the impact of flooding to communities and on the
roadway, facilities serving them. These systems can also retain water to provide necessary irri-
gation and groundwater replenishment during droughts. Historically, these systems have been
manufactured using either concrete or metal materials. With the greater use of thermoplastic ma-
terials for underground piping and storage, a new opportunity has opened for these applications.
Thermoplastic polypropylene boxes or crates, as they are known in some parts of the world, pro-
vide the maximum storage capacity for the least amount of structure. They do, however, present
unique challenges for design, testing and manufacturing that have typically not been associated
with pipe products used for these applications. Polypropylene boxes have the greatest historical
use in Europe, but their expansion worldwide has been met with some level of apprehension in ar-
eas still dominated by more traditional materials. This paper will present the design and manufac-
turing basis of these products as specified in the ISO and EN standards and the challenges that still
remain on expanding their adoption in other parts of the world. By addressing the concerns that
have been raised by other standards organizations, specifically in the Western hemisphere, the
uniform acceptance of these products worldwide can be achieved. Ideally, the same requirements
for design, testing and manufacturing of these systems would serve the users with a consistent
product and one that can easily be manufactured anywhere in the world.
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RESISTANCE OF POLYPROPYLENE RAISED
CRACK AND TEMPERATURE RESISTANCE
(PP-RCT) TO CHLORAMINE SOLUTIONS

Christopher Ziu — Nupi Americas, St Augustine, United States of America

E-mail: chris.ziu@nupius.com

Steven Sandstrum — Borealis Compounds, Inc., Port Murray, United States of America
Roberta Brusi — Nupi Industrie Italiane, SpA, Castel Guelfo Bologna, Italy

Katia Lorusso — Nupi Industrie Italiane, SpA, Castel Guelfo Bologna, Italy

As the market for polypropylene (PP) pipe continues to grow in North America, so too has the
diversity of applications for which it is used. While the resistance of pipes and fittings produced
from PP-RCT to chlorinated water has been well-documented using the test protocol of ASTM
F2023, extensive interest has been expressed in the resistance of these piping products to solu-
tions of chloramine. Chloramine is generated in hot water in many municipalities due to the
addition of both sodium hypochlorite and ammonia to the public water supply. Chloramine
resistance is of particular importance to hospital environments where solutions of chloramine
are often self-generated and widely used as disinfectants.

While the resistance of PP-RCT pipes and fittings to chlorinated water has been extensively
researched, very little data has been generated specifically on chloramine solutions. Currently,
industry practice is to make a comparison to research that was conducted on the resistance
cross-linked polyethylene pipes (PEX) to chlorinated water and chloramine. In that study, it was
concluded that “Based on these results, it is the position of PPl BCD that chloramines are less
aggressive than free chlorine to PEX pipes and tubing. Testing of oxidative resistance using free
chlorine, in accordance with ASTM F2023, will provide a conservative estimate of the time-to-
failure for PEX pipes and tubing when used with the disinfectant chloramines.”

The resistance of PP-RCT pipe to chlorinated water has been determined by industry practice
in accordance with ASTM F2023. As a result, industry practice is to simply state that the resist-
ance of PP-RCT to chloramine is "better” than its resistance to chlorinated water based on the
research conducted on PEX and published as PPl Statement A. Yet, hard data does not exist.
This paper will describe a collaborative research effort in which the chloramine resistance of
pipe produced from PP-RCT is being researched. Using newly acquired test equipment, a de-
sign of experiment has been structured to clarify the resistance of PP-RCT pipe and tubing to
chloramine solutions at elevated temperatures. This paper will discuss in detail the test protocol
undertaken and present the test results obtained to date. It is anticipated that the test results
obtained can be used to broaden the use of PP-RCT pipe and fittings in healthcare and related
industries that rely on chloramine disinfection methods.
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RESEARCH AND PRACTICE OF ANTI-SAG
TECHNOLOGY FOR HIGH YIELD EXTRUSION OF
PE LARGE DIAMETER THICK WALL PLASTIC PIPE

Richard Lee — Ningbo Fangli Technology Co., Ltd, Ningbo, China
E-mail: tg-O2@graewe.fangli.com

After deeply studying on the melt sagging occurred on large diameter PE pipes with thick walls,
a series of solutions were established from the raw material and equipment point of view. In-
cluding raw material selection, low temperature extrusion, anti-sagging die design, and highly
efficient cooling on inner and outer surface of the pipe base.

To increase the yield and stability of extrusion, the smoothing temperature interval during low
temperature extrusion, the design of the screw, barrel and feeding seat, and the roughness on
the inner wall of the barrel were closely surveyed, furtherly optimized, and newly developed.

The melt is well blended and treated under low temperature before entering the die, by which
easier cooling down on the pipe base could be expected, and less melt sagging will occur.

To reduce the turbulence and accumulation of the melt inside the die, the core of the die cooled
by air, and cavity gap adjusted by two steps. To control the flow speed of the melt, ramp de-
signed in the channel, and temperature controlled independently in separated zones. The com-
pensated flat section in the channel were introduced, to develop the anti- sagging die.

Large air flow and air fairing used for the pipe base inner cooling. Calibration sleeve with better
heat radiation, spray system with cooling water reflection function, cooling devices based on
the water evaporation circulation, and extension of vacuum cooling time, all efficiently reduce
the melt sagging.
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APPLICATION CASE OF HDPE SIPHON
RAINWATER SYSTEM ON THE ROOF OF LARGE
INDUSTRIAL BUILDING

Zhuying Huang — Hongyue Plastic Group Co., Ltd, Guangzhou, China
E-mail: 393620358@dqg.com

Haihua Yu - Hongyue Plastic Group Co., Ltd, Guangzhou, China
Qianshi Ma - Hongyue Plastic Group Co., Ltd, Guangzhou, China

The HDPE siphon rainwater system features a smaller suspended pipe diameter, greater instal-
lation flexibility, and horizontal laying capability, thereby enabling conserving vertical space in
industrial buildings. Due to the fast water flow velocity of HDPE siphon rainwater system, the
number of suspended pipes, drainage risers, and outlet pipes can be reduced, which can save
industrial building space and reduce investment costs. In the meanwhile, it can satisfy the safety
requirements of large building roof structures.

This project is a large industrial building located in a rainy city in Guangdong province, with a
complex roof structure and a roof area of 59362.59 m2. With a 10-year recurrence interval, the
5-minute rainfall intensity reaches 608 L/(s-ha). To meet design and usage requirements, the
project was ultimately designed with 14 catchment areas, 47 HDPE siphon rainwater systems,
208 siphon rainwater hoppers, and 10 rainwater overflow systems. The suspended pipes range
from Dell0 (4.2 mm wall thickness) to De250 (9.6 mm wall thickness). And all pipes in both si-
phon rainwater systems and rainwater overflow systems are constructed of HDPE. Water flow
velocities range from 1.17 m/s to 5.86 m/s.

The practical application demonstrated exceptional performance over the course of the previ-
ous year, showcasing its remarkable capabilities in real-world scenarios.
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NEW SCANNING TECHNOLOGY FOR
MULTI-LAYER AND STRUCTED WALL PIPES

Joseph Venegas — Rollepaal Pipe Extrusion Technology, Dedemsvaart, The Netherlands
E-mail: jvenegas@rollepaal.com

New scanning technology now makes it possible to measure individual layers within all structed
wall and ML pipe. This new technology is now available for measurement of PE, PP, and PVC pipes
without any calibration. It allows for automated measurement of diameter, ovality, total wall thick-
ness and individual layer thicknesses from a single device. This technology can be placed in line to
automate standard processing controls, such as meter weight or wall thickness control.

In addition to those standard controls there are also now possibilities to automate the control of
individual wall thicknesses. This means the ability to individually control the thickness of a single
layer within the pipe. This can be especially useful when a single layer is critically important for
a specific quality parameter. For example the ability to control the inner layer thickness in a ML
foam core pipe allows for reduced meter weight while still meeting impact requirements.

Further this scanning technology offers the possibility to automate the addition of foaming
agent to a ML foam core line. The scanning technology can measure the core layer thickness
but also asses the quality of the foam structure to determine if more or less foaming agent is
necessary. This is especially beneficial in combination with recycled materials where batch to
batch variation can often lead to a significantly different foaming levels.
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COILING OF MEDIUM PIPES SIZES
(PE PRESSURE PIPES)

Angelo Paganizza — FB Balzanelli SpA, Milano, Italy
E-mail: a.paganizza@fb-balzanelli.it

The growing demand to obtain coils out of the medium pipe diameters (90 to 180mm or 3 to 67)
of Smooth PE pressure pipes up to 250 mm or 10", lead us to develop further the larger coilers
suitable for the purpose.

Producing long coils present several advantages at different stages:

It helps the logistic inside the pipe manufacturing site to work on a continuous production in-
stead of making straight pipes, eases the installation of a long piping sections, reduce the instal-
lation time, reduce the number of welded joints, therefore the entire piping installation results
quicker and cost effective.

The process to obtain coils out of 160, 180 and 250 mm (6 — 10") must take into account impor-
tant aspects as: the full control of the pipe and proper securing of the coil.

To achieve the above targets, the coilers are designed with the following main features:
Automatic width adjustment and semi-automatic coil ejection with Round Pipe System, features
one haul-off on board that reduces the ovalization of the pipe yet optimizes the coiling process.
Automatic Strapping systems with one or two strapping heads increases the performance of the
coiler making the machine safer to operate

The coils sizes obtained are optimized for transport purposes, to fit the type of trailers and then
unwinders suitable for the pipe installation. The trailers are designed to allow the safer un-
winding operation, releasing the residual stored energy of the pipe and, the intermediate straps
applied at the end of each layer of the coil, allow to keep he coil together while dispensing the
pipe until the end of the coil.

Using coils instead of straight section of pipes eases the piping installation (fewer joints and
joints welding etc.). While, the long section of pipes installed without interruption or junctions
increases the piping reliability. The faster installation of the piping means less time on site, re-
ducing carbon footprint.

In the end the use of the coils brings great cost efficiencies from faster installation compared to
straight section of pipes.
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®OD 1600 MM PVC-U PIPE: PIONEERING NEW
POSSIBILITIES IN MODERN INFRASTRUCTURE

Chelsea Qin - Shanghai Jurry Plastics Machinery Co., Ltd., Shanghai, China
E-mail: chelsea.gin@jurry.com.cn
Letian Wang — Shanghai Jurry Plastics Machinery Co., Ltd., Shanghai, China

Since early 1960s, PVC-U pipes have been widely used for underground piping systems, due to
their corrosion resistance, durability, ease of installation, cost-efficiency, and ability to withstand
high pressure. As urbanization and industrialization continue to grow, the challenges to envi-
ronmental sustainability are intensifying. This has created an urgent demand for efficient and
sustainable water management solutions, especially for large diameter piping systems.

This paper gives an introduction of the world’s largest PVC-U pipe extrusion line with a produc-
tion capability of OD 2000mm, including online socketing system. Currently pipe diameters up
to OD 1600mm, PN8 (thickness: 49mm, not yet included in any international standards yet), have
been successfully produced. The maximum output of the line can reach 1800kg/h. The pipes are
designed to replace conventional piping systems, such as steel pipes, in infrastructure projects.
The extrusion line features a parallel twin-screw extruder, specifically designed to ensure effective plas-
tification for high-capacity production of tin-based PVC-U pipes, addressing one of the key challenges.

Another critical challenge involves managing rheology within the die head, focusing on three

key factors:

1. Flow uniformity, 2. Optimal compression ratio, and 3. Preventing heat buildup.

A key design element to ensure flow uniformity is the expansion angle of the torpedo. Two ap-

proaches were simulated:

e Approach A: Large expansion angle with a small die gap, resulting in less material storage,
shorter residence time, reduced over plasticization risk, but higher flow unevenness

» Approach B: Smaller expansion angle with a moderate die gap, offering more material storage,
longer residence time, increased over plasticization risk, but more uniform flow

Considering production data and PVC material residence time from the PVC 1200mm line with

the same client, Approach B with an optimized torpedo shape was selected.

The next challenge is determining the optimal compression ratio. Based on simulation and ex-

perience, and considering actual production results from PVC-U 1200mm and other large-di-

ameter pipes in the same formulation system, we determined the optimal compression ratio for

the PVC-U 1600mm die head. Based on that, target cross-sectional area value of the die cavity

flow channel were calculated, as well as the die body diameter and die gap.

Last but not least, to prevent heat buildup, a critical issue for PVC-U material, we incorporated a

cooling system inside the die cavity to ensure high-efficiency heat dissipation.

Additionally, quality and capacity targets are balanced with raw material costs, providing a sig-

nificant advantage for large diameter PVC-U pipes.

Furthermore, the paper will introduce a government infrastruction project in northern China. The
project aims to utilize two reservoirs as major water supply sources for water-deficient region. By
constructing water transmission pipelines, tunnels, auxiliary structures, and pump stations, it will
provide household water and industrial water across a large area. The new infrastructure includes
a total of 55.28 kilometers of pipelines, with 11 kilometers made of PVC-U 1200mm pipes.
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INDUSTRY INSIGHTS, BEST PRACTICES/
TRANSITIONING FROM TRADITIONAL MATERIALS
LESSONS LEARNED TRANSITIONING

FROM DI TO HDPE WATER MAIN

Casey Haynes, P.E. - Haynes Engineering & Excavation, LLC, Bruner, United States of America
E-mail: casey@haynes2e.com

Lessons learned in transitioning a municipal water company from DI to HDPE water mains and
services. In general, the water company installed 8" water mains and 1" service line. The transi-
tion to 8" HDPE DR13.5 and 1" DR9 was ultimately successful though the transition was not with-
out its challenges. The HDPE industry came together to provide the necessary support for this
transition. This presentation will go in detail into the component pieces needed to successfully
transition to HDPE water mains and service lines. The materials, training and testing to facilitate
this transition will be covered from a lesson learned perspective of a public water company with
80,000 water customers in the Midwest that installs gas and water together in the same trench.

A cooperative and cohesive approach is needed for all involved in the process of transitioning
to a new material. From the design engineer to the field installation crew, everyone needs to be
supportive of the change process. For the design engineer to specify the use of 8 HDPE water
main and services they need to know a few things such as the operating pressure of the water
system and the chemical make-up of the waterl. Field crews need to be trained and equipped
with the tools required to install HDPE. The engineering facts and tooling needs are straightfor-
ward to figure out. However, predicting and navigating the acceptance of the material change
by management and the education of the field crews is much more difficult. In the example
presented, as engineers began designing HDPE as the new water main material, the field crews
resisted and refused to install the materials designed. As the benefits of HPDE were explained
and experienced by the entire water utility, eventually, the attitudes of crews were changed,
cooperation was obtained, and the transition was successful.

1: MAB-3 (2024) — Model Specification for PE 4710 Buried Potable Water Service, Distribution
and Transmission Pipes and Fittings
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ADVANCEMENTS IN MATERIAL SAVINGS
IN PO PIPE EXTRUSION

Andreas Turk — battenfeld-cincinnati, Bad Oeynhausen, Germany
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Ralf Mickley - battenfeld-cincinnati, Bad Oeynhausen, Germany

In modern pipe extrusion, material savings play a key role in cutting costs and reducing the eco-
logical footprint. A key aspect of this is the fully automatic centering of the extrusion dies which
ensures precise alignment of the tools, which minimizes wall thickness variation. This makes
it possible to produce pipes with thinner walls without compromising on strength or quality.
Automatic centering is made possible by advanced sensor technologies and control algorithms
that make adjustments in real time. This not only saves material, but also increases product qual-
ity, which again reduces waste.

Another important approach to saving material is the rapid color change, which makes it pos-
sible to operate production lines more efficiently. Traditionally, changing color granules led to
significant material losses, as the old material had to be purged out of the machines before the
new color could be used. Thanks to the use of modern technologies, such as optimized extru-
sion dies and high-precision control systems, colour changes can now be carried out much
faster and with minimal losses. This saves material and reduces scrap.

And final the use of 3D-printed components in an extrusion line. Especially in the pipe head we
see possibilities for 3D-printed components. These components for example can be specifi-
cally designed to optimize the flow of the material within the die. In particular, the formation of
stripes in colored plastic pipes is reduced, which leads to a more homogeneous color distribu-
tion and reduces waste. The ability to produce 3D-printed parts quickly and cost-effectively also
offers flexibility in adapting and optimizing the dies, resulting in shorter set-up times and lower
material consumption.

Overall, the combination of the fully automatic die centering, the fast color change technol-
ogy and the use of 3D-printed components to optimize the material flow offers considerable
potential for material savings in pipe extrusion. These measures contribute to more efficient,
resource-saving production and improve competitiveness at the same time.
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SUCCESSFUL IMPLEMENTATION OF PLASTIC
PIPES IN MINE SUBSIDENCE AREAS

Saviz Gharavi — Savon Engineering, Sydney, Australia
E-mail: saviz@savonengineering.com
Maz Mahzari - Stantec, Sydney, Australia

The paper investigates the implementation of polyethylene (PE) pipes for pressure sewer sys-
tems in mine subsidence areas, addressing the challenges posed by ground movements from
longwall mining. The compressive or tensile strains from mine movements can be as high as 5
mm/m which can be induced to the pipe. By analyzing the structural and hydraulic performance
of PE pipes (DN125-DN500) under such conditions, the study identifies stress factors due to
mine subsidence, including longitudinal strains and their impact on pipe pressure ratings. Uti-
lizing both open trench and Horizontal Directional Drilling (HDD) installation methods, the re-
search employs numerical simulations to evaluate pipe-soil interactions and verify compliance
with AS/NZS4130 standards. Results indicate significant stress-induced pressure capacity re-
ductions, termed “capping reductions,” which vary by installation method. The findings highlight
the critical need for robust design strategies to mitigate subsidence effects, ensuring pipeline
safety, serviceability, and economic repairability in challenging mining environments.
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CASE STUDY OF A PE-PIPELINE WITH MANHOLES
DN/ID3500, JOINTED BY INTEGRATED
ELECTROFUSION IN THE PHILIPPINES

Bernhard Alexander Krah — Krah GmbH, Schutzbach, Germany
E-mail: a.krah@krah.net

As climate change accelerates and populations in Southeast Asia continue to grow, urbanization
leads to increasing surface sealing, intensifying flooding issues. Addressing this challenge requires
innovative and effective drainage solutions, such as large-diameter pipe systems. This case study
focuses on a DN/ID 3500 flood control project in the Philippines, situated in a densely populated,
earthquake-prone area along the Pacific Ring of Fire. The project involved the installation of a
1-kilometer-long HDPE pipe system, locally manufactured and designed to ASTM M55 standards,
with a hydraulic capacity of Q = 26 m®/sec. The pipes, transported through narrow urban roads
and installed amid heavy traffic, were joined using an integrated electrofusion system, with man-
holes placed at 50-meter intervals. Compared to the alternative of reinforced concrete box cul-
verts (RCBC), the HDPE pipe system offered both technical and commercial advantages, proving
to be a superior solution for the client and the project’s structural requirements. This paper ex-
plores the production, transportation, and installation of these large-diameter PE pipes, presenting
solutions to logistical and technical challenges. It highlights how HDPE pipes can provide prac-
tical, competitive alternatives to conventional materials, particularly in demanding environments,
and emphasizes their growing role in the flood control and drainage market.
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MIAMI UNIVERSITY TURNS TO POLYPROPYLENE
(PP) PIPE FOR CAMPUS-WIDE HYDRONIC
HEATING UPGRADE

Steven Sandstrum - Borealis Compounds, Inc., Port Murray, United States of America
E-mail: steve.sandstrum@gmail.com

Chris Ziu — Nupi Americas, St Augustine, United States of America

David Holt, Peck, Hannaford and Briggs

This is the fourth in a series of papers on the development of hydronic heating systems for ed-
ucational institutions within North America. Combined, the four papers provide a detailed per-
spective on the development of this application with polypropylene pipe with raised crack and
temperature resistance (PP-RCT ) for institutional hydronic heating systems.

The first paper titled "Polypropylene Pipe: An Evolving Market” dealt with the installation of the
North Chiller Plant at South Dakota State University (SDSU) and was presented at PPXVIII in
2016 in Berlin. The second paper titled, "Polypropylene Pipe for Demanding Hydronic Heating
Applications” was presented in September, 2021 at PPXX in Amsterdam in the Netherlands. This
second paper was a case study of a relatively small expansion of an existing hydronic heating
systems at the University of Illinois. This second paper gave an understanding of the numerous
innovations that were utilized on this project that was originally specified for carbon steel pipe.
The third paper titled, “Polypropylene (PP) Pipe — A Carbon Footprint Assessment” was present-
ed in September, 2023 at PPXXI in Orlando, FL. This third paper analyzed the hydronic heating
case study at the University of Illinois project from a carbon footprint point perspective.

Today, interest in the use of PP pipe for institutional hydronic heating systems continues to grow
in North America. In this third paper, we provide a detailed look at a recent campus-wide con-
version from carbon steel steam heating to high temperature hydronic heating using dual-wall,
pre-insulated PP-RCT pipe and fittings. Over the course of 2022 and 2023, Miami University
utilized a combination of direct burial and horizontal directional drilling to completely replace
a deteriorating carbon steel steam system. This discussion will address specifics regarding se-
lection, design and installation of the PP-RCT hydronic heating system. Various factors, such as,
energy efficiency of high temperature hydronic heating as compared to steam heating systems,
chemical and corrosion resistance of PP-RCT as compared to carbon steel, and numerous in-
stallation considerations that led to the construction of this campus-wide, high temperature hy-
dronic heating system. From this, the reader will gather a greater understanding of the benefits
associated with high temperature hydronic heating systems constructed using PP-RCT pipe and
fittings for various institutional applications such as colleges and universities, hospitals, corpo-
rate campuses and much more.
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PE100 MATERIAL SUPPORTS SEA WATER
COOLING PROJECT IN JAZAN — SAUDI ARABIA

Hussein Basha — Borouge, Abu Dhabi, United Arab Emirates
E-mail: hussein.basha@borouge.com

Baha Shaban - Borouge, Abu Dhabi, United Arab Emirates
Chandra Basavaraju — Borouge, Abu Dhabi, United Arab Emirates
Ehab Azazy - Sappco, R&D, Riyadh, Saudi Arabia

The Sea Water Cooling Project in Jazan, Saudi Arabia, offers an example of a sustainable solution for
seawater cooling systems. This project involved constructing a seawater cooling system for Jazan
City for Primary and Downstream Industries (JPCDI). It includes building two seawater pipelines, four
hypochlorite pipelines and a pumping station. In this system, seawater is pumped through a heat
exchanger and used to cool the industrial cooling water being carried in a closed loop.

The project’s geographic location presents technical challenges. Seawater cooling systems are
essential for industrial applications but come with unique difficulties, especially in designing and
operating seawater intake structures. Common issues include corrosion, biofouling and the harsh
marine environment’'s impact on materials. Traditional intake systems often face durability con-
cerns and high maintenance costs due to exposure to saline water and fluctuating temperatures.

To address these challenges, HDPE PE100 was selected for the structural wall pipes (DIN 16961-
1:2018, DIN 16961-2:2018). This proved to be an ideal solution as the harsh surrounding envi-
ronment excluded most conventional piping materials. Additionally, seawater cooling systems,
combined with durable and corrosion-resistant HDPE seawater intake lines, offer a sustainable
solution by utilizing an abundant natural resource. This approach significantly reduces freshwater
consumption, energy usage and the environmental impact of industrial applications.

Given the requirements for the 6.7-kilometer HDPE structure-walled seawater intake pipelines
with an ID of 3,230 mm, PE100 material was chosen for its excellent processability and mechan-
ical properties (ISO 9969:2016). This made it the ideal material for producing spiral wound pipes
that met the project’s requirements.

High-Density Polyethylene (HDPE) PE100 pipes provide an innovative solution to these challenges.
With their exceptional corrosion resistance, flexibility, and longevity, HDPE pipes can withstand the
demanding conditions of seawater intake applications. Their smooth internal surface minimizes
biofouling, thereby reducing operational downtime and maintenance requirements. Additionally,
the ease of installation and jointing techniques for HDPE pipes make them an ideal choice for both
onshore and offshore applications, ensuring a reliable and cost-effective seawater intake system.
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LOW CO, FOOTPRINT HIGH VOLTAGE CABLE
DUCTS BASED ON PE100-RC-HT COMPOUND
FOR GREEN ELECTRICITY TRANSPORT

IN GERMANY

Herbert Terwyen — Basell Polyolefine GmbH - LyondellBasell, Frankfurt am Main, Germany

E-mail: herbert.terwyen@lyondellbasell.com

Carsten Minnerup — Tennel TSO GmbH, Lehrte, Germany

Sven Lindner — Gerodur MPM Kunststoffverarbeitung GmbH & Co., Neustadt in Sachsen, Germany

To transport green electricity from offshore wind farms and those in northern and eastern Germany
to the high-consumption areas in the south, Transmission System Operators (TSOs) are constructing
several extra-high voltage transmission lines over long distances using underground cables. For safe
installation and easy replacement, these high voltage cables are laid in conduits.

The underground cables are pulled into conduits to facilitate easier replacement of faulty cables or
those at the end of their service life. Due to the heat generated by high current flow, these protective
conduits are exposed to long-term temperatures of approximately 70°C, with short-term peaks up to
95°C. Therefore, the PE compounds used to produce the conduits must be proven to have a service
life of at least 50 years at 70°C. This paper will describe the requirements and qualification tests for
“PE100-RC-HT" compounds, according to the specifications prepared by TenneT [1], one of the TSOs.

To meet their sustainability targets, Tennel aims to develop their electricity network in an environ-
mentally responsible manner, considering the materials used and their environmental impact [2].
This ambition includes reducing the Product Carbon Footprint (PCF) of the cable conduits, which
measures greenhouse gas emissions in CO2 equivalents. TenneT undertook a pilot project in Octo-
ber 2024 which involved the installation of a 1 km section of the SuedOstLink in Germany. The data
generated by the pilot project has been used to help evaluate how the construction of power lines
can be made more sustainable, by minimizing their PCF.

The production of PE100-RC-HT compounds typically involve using a fossil feedstock with a high
Product Carbon Footprint (PCF). However, by using a bio-based feedstock derived from waste and
residue biomass materials on a mass balance basis, the PCF of the compound is significantly re-
duced. In Germany, Gerodur utilized green electricity to produce DN 250 cable conduits from the
PE100-RC-HT, and the entire process along the supply chain was certified by the ISCC PLUS scheme
(International Sustainability & Carbon Certification) [3]. Life Cycle Assessment data [4,5] indicated a
significant reduction in the carbon footprint of the cable conduits. This paper will present the out-
comes of these calculations and the insights gained from the pilot project.
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USING HDPE PIPE TO PRESERVE
THE GREAT SALT LAKE

Stephen Boros - Pipeline Plastics, Westlake, United States of America
E-mail: Sboros@pipe.us

The North Davis Sewer District (NDSD) collects and treats wastewater from the cities of Clear-
field, Clinton, Layton, Roy, Sunset, Syracuse, West Point, and Kaysville. The current NDSD facili-
ties treat up to 34 million gallons per day (MGD) prior to discharging into Farmington Bay of the
Great Salt Lake (GSL). NDSD began investigating methods to meet stricter nutrient load require-
ments implemented by the State of Utah.

The pipeline consists of approximately 6.25 miles of 63-inch (1600mm) diameter High Density
Polyethylene (HDPE) Diameter Ratio (DR) 26 pipe, three stainless steel (SST) air vents, one SST
access manway, a buried SST tee for potential future connection to Ogden Spur, a concrete
outfall and energy dissipation structure, and a rip-rap channel. Effluent will be discharged to the
GSL via a new outfall located approximately 5.5-miles from the entrance to Antelope Island State
Park on the north side of the causeway. This outfall location was selected to provide mixing with
the main body of the GSL and prevent unmixed water from flowing back into Farmington Bay
through the causeway bridge. Design considerations, corrosion mitigation, geotechnical evalu-
ations, as well as pre-construction, manufacturing and shipping coordination.
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Marton Bredacs — Polymer Competence Center Leoben GmbH, Leoben, Austria
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Jutta Geier — Polymer Competence Center Leoben GmbH, Leoben, Austria
Jessica Hinczica - Polymer Competence Center Leoben GmbH, Leoben, Austria
Mario Messiha — Polymer Competence Center Leoben GmbH, Leoben, Austria
Florian Arbeiter — Montanuniversitat Leoben, Leoben, Austria

Gerald Pinter — Montanuniversitat Leoben, Leoben, Austria

A major contribution to the green transition is provided by the growing application of hydrogen gas
as an energy carrier. Hydrogen can be produced from surplus energy of renewable energy sources
and it is central to the Power-To-X concepts aiming to transport hydrogen in the existing polymer
pipe networks. The transition from natural gas to hydrogen in gas networks requires the understand-
ing of short-term and long-term effects as well as permeation and gas loss in polymer pipes.

Previous studies showed that short-term effects of hydrogen on Polyethylene (PE) pipes are
negligible [1], while long-term effects especially the lifetime have not been thoroughly investi-
gated [2]. This work focusses on lifetime assessment of one selected PEL00-RC pipe after two
years of hydrogen exposure at 8.9 bar. Applying cyclic Crack Round Bar (CRB) tests, only a slight
slope change in the CRB failure curves was detected. Similar changes were found in case of
another PE100-RC pipes exposed for 1000 h at 10 bars in water. The observed changes in CRB
tests and slow crack growth (SCG) resistance probably originate from morphological changes
caused purely by the applied pressure. Exposure to hydrogen showed no effect on SCG resist-
ance and lifetime of PE pipes.

As hydrogen is the smallest gas molecule, permeation and gas loss through PE pipes was reported
to be four times higher [3] compared to natural gas. In semi-crystalline polymers, the crystalline
phase has several orders of magnitudes lower gas permeability than the amorphous phase [4].
To assess the relationship between PE morphology and permeation, seven injection molded PE
pipes with different processing parameters were investigated. Spectral crystallinity, derived from
IR spectroscopy, showed crystallinity differences up to 25 %, while permeation coefficients varied
by only 13 %. This suggests that morphology and crystallinity effects hydrogen permeation only in
a small extent. Understanding this relationship may lead to PE products with lower permeability
and clarify permeation rates during long-term use where morphological changes may take place.
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In both Australia and globally, there is an increasing emphasis on sustainability, with a strong push
toward transitioning from a linear to a circular economy. However, despite the growing focus on
this shift, many stakeholders still lack a clear understanding of what a circular economy truly entails.

A circular economy is not merely about improving waste management; it's about eliminating
waste from the system altogether. Rather than simply recycling more, it is about maximizing the
value of materials through reuse, repair, and refurbishment, ensuring they remain in circulation
for as long as possible. Recycling should be seen as a last resort.

At present, policymakers are heavily focused on the recycling aspect, which has led to sustaina-
ble procurement practices favoring products with defined recycled content percentages. How-
ever, this approach overlooks the core principles of a circular economy. For the plastic pipes
industry, this narrow focus on recycled content poses a significant risk, as it could lead to the
de-selection of these products in certain projects.

Plastic pipes are specifically engineered for long service lives, and the majority are still in their
first lifecycle. As a result, the volume of post-consumer plastic pipes available for recovery is
currently limited. This highlights the need for greater education within Australian governments
and industries about the circularity of plastic pipe systems. In response, the industry association
launched a research project in collaboration with a university and an independent national not-
for-profit organization focused on Australia’s transition to a circular economy.

The primary objective of the research was to better understand the materials, applications, recy-
clability, and circularity of plastic pipe systems in Australia, while also providing context around
the use of recycled materials in these systems. This required mapping the circularity of plastic
pipes in Australia, including the material flows for different pipe applications and an assessment
of current industry practices concerning the recovery of materials. The research also aimed to
identify challenges, barriers, and opportunities to further close the loop.

Using a Material Flow Analysis (MFA) methodology, the research outlined the current state of
plastic pipe circularity, focusing on existing uses and pathways. The final recommendations are
based on leading practices from both Australia and internationally, alongside insights gathered
from key stakeholders. Whilst this work applied to various plastic pipe materials this paper fo-
cuses on PVC pipes.
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Mario Messiha - Polymer Competence Center Leoben GmbH, Leoben, Austria
E-mail: mario.messinha@pccl.at

Jutta Geier — Polymer Competence Center Leoben GmbH, Leoben, Austria
Marton Bredacs — Polymer Competence Center Leoben GmbH, Leoben, Austria
Florian Arbeiter - Montanuniversitaet, Leoben, Austria

Gerald Pinter — Montanuniversitaet, Leoben, Austria

Engineering structures like pipes depend critically on a material's resistance to slow crack
growth (SCQ) [1]. Although long-term performance of polyolefins has significantly improved
over last decades, recycled materials present new challenges due to the unpredictable effects
of polymeric or non-polymeric impurities. A recent study has shown that even minor variations
in the size of non-polymeric impurities can drastically affect a structure’s lifespan [2]. A 400 pm
defect size instead of a 100 pm would turn a "PE100-like” grade into a "PE63-like” grade. Thus,
traditional material tests are increasingly inadequate in capturing the full impact of impurities on
SCG performance.

To address this, current standards rely on product-level tests for non-pressure pipe applica-
tions made from recyclates. For example, the “1000-hour” internal pressure test according to
EN 1852-1 for PP sewer pipes. However, since waste streams are highly variable [3], resulting
post-consumer recyclate batches also tend to be highly inconsistent. This is even the case for
materials coming from the same recycler and processed in an identical way [4]. "Trial and Error”
testing on product-level of each batch and each blend made thereof, on the other hand, is a
highly uneconomic and not sustainable.

To overcome these limitations, a data-driven, numerical approach is used to simulate the
“1000-hour” test on the basis of short-term tests and by determining the maximum defect sizes
of a material. This approach represents a transformative shift of plastic pipe industry towards
greener testing strategies due to considerable savings in production and energy costs to other-
wise maintain large numbers of product tests.
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Martin Andersson — Hallingplast AB, Stora Hoga, Sweden

Norbert Jansen — Borealis Polymere GmbH, Burghausen, Germany

A key future challenge is the reduction of CO,. Therefore, the target is to keep the fossil energy
carriers like coal, oil and gas in the ground and avoid further increase of global warming through
the use for transport, heating and in the chemical industry.t!

Oil derived from naphta and natural gas from the purified gases ethane and propane are cur-
rently the main feedstocks for the Polyethylene and Polypropylene production. The Polyolefin
industry has identified at least two workable solutions:

Renewable natural feedstocks for the polymer production can come from used cooking oil,
residues of the vegetable oil production which are not suitable for consumption, by-products of
the pulp industry or from direct CO, capture.

The second alternative for feedstock is recycling. Especially chemical recycling plays a crucial
role to provide recycled feedstock for demanding or high purity applications. Various plastics
are collected, sorted and fractions which cannot be mechanically recycled like multilayer films,
crosslinked or heavily contaminated materials enter the pyrolysis process which can be carried
out using green energy.Bl™ In the pyrolysis process the polymer chains are broken down and
converted back to gases, which can be separated into ethylene, propylene and other chemical
components still usable for the chemical industry.

In both cases the feedstock for the production of polyethylene and polypropylene does not
differ from the fossil sourced C2 and C3 molecules.

The paper describes various pipeline examples where utility companies for water and gas were
interested to establish first demo and evaluation cases. They are in request to reduce their CO,
footprint and one way is to use sustainable pipe systems for their projects. The presented ex-
amples are from the pipe industry, but the use of materials based on renewable feedstock or
chemical recycling is applicable to other polymers as well as other industries and applications
such as packaging, automotive or medical.
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Daniel Zach — Christian Doppler Laboratory for Impact of Recycled Materials on the Mechanical
Lifetime Estimation of Polymers, Leoben, Austria, Montanuniversitat Leoben, Leoben, Austria

E-mail: Daniel.zach@unileoben.qgc.at

Florian Arbeiter — Christian Doppler Laboratory for Impact of Recycled Materials on the Mechanical
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Carina Maurer — Christian Doppler Laboratory for Impact of Recycled Materials on the Mechanical
Lifetime Estimation of Polymers, Leoben, Austria, Montanuniversitat Leoben, Leoben, Austria

Lukas Travni¢ek — Christian Doppler Laboratory for Impact of Recycled Materials on the Mechanical
Lifetime Estimation of Polymers, Leoben, Austria, Montanuniversitat Leoben, Leoben, Austria

Gerald Pinter — Montanuniversitat Leoben, Leoben, Austria

Buried polymer pipes play an essential role in modern communal infrastructure and find appli-
cation in water, gas, sewer, and drainage systems. Nowadays, issues such as environmental pro-
tection, sustainability, recycling, and resource efficiency are becoming increasingly important
in the polymer pipe industry as well. This leads to a growing trend towards the use of recycled
materials in polymer pipe systems, especially in unpressurized applications. While various stud-
ies have shown that the properties of pipes made from modern virgin polyethylene grades easily
exceed the requirements of the applied loadings and can achieve lifetimes of up to 100 years
[1, 2], the use of non-virgin and post-consumer recyclates may negatively affect the mechanical
properties and subsequently the lifetime.

Due to the high durability of virgin polyethylene pipe systems, the knowledge about the ex-
act long-term performance of unpressurized polyethylene pipe systems is limited. Addition-
ally, most testing procedures for lifetime estimation do not reflect realistic loading conditions.
A promising method is the already developed Janson strainability test [3], which simulates the
primary load on these pipe materials in the form of deformation induced stress caused by the
surrounding soil. However, the Janson strainability test has not yet gained broad acceptance
due to high material usage and long testing times.

Building on the Janson strainability test, the current work aims to accelerate the established
testing procedure to achieve feasible testing times and allow for a stress-relaxation based life-
time estimation. Although the focus is on polyethylene, the methodology could be adaptable to
other polymeric materials, paving the way for broader application.
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OF CIRCULAR PE-X PIPES
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Leena Tahkamo — Neste Oyj, Espoo, Finland

Shannon Boonzaier — Borealis Italia, Monza, Italy

Antti Ake — WasteWise Group Oy, Nokia, Finland

PE-X pipe solutions have enabled comfortable heating and safe plumbing with a successful 50-
year track record. However, due to the specific material characteristics of PE-X, mechanical re-
cycling of PE-X waste currently enables only downcycling to other product systems. Advanced
recycling methods are needed for closing the raw material loop and re-using PE-X scrap as a
raw material for new pipes. It has already been demonstrated that chemical recycling can close
the loop with non-mechanically recycled PE-X waste to produce a high quality, drinking water
safe PE-X pipe system.

In this paper, findings from a comparative life cycle assessment (LCA) focusing on PE-X man-
ufacturing and recycling are presented. The study was with the aim to provide detailed infor-
mation about potential environmental impacts of closed loop recycling of PE-X scrap. To un-
derstand the performance of chemical recycling, results are compared with two alternative raw
material sources: primary fossil-based and biobased plastics.

Several future alternative raw material sources are needed for PE-X pipes. The aim of this study
is to understand the differences in environmental performance of different raw material sources
and closed-loop recycling. This information is necessary for guiding future R&D activities, and
to minimize total environmental burdens.

The LCA is conducted following the main principles of the ISO14040-44 standards, using the
Product Environmental Footprint (PEF 3.0) impact assessment method, and adapting the re-
quirements to those of EN15804 standard for construction products. All 16 environmental im-
pact categories from the PEF are considered, to create a comprehensive view of environmental
impacts and to identify potential hotspots. Primary data for the main processes is collected from
the project partners.

The studied system comprises organizations from all steps of the closed-loop recycling value
chain: PE-X pipe production and resulting manufacturing waste, breaking down the waste poly-
mers into their building blocks, refining the liquefied waste plastic processes it, polymerizing the
feedstock into cross-linkable PE, and finally utilizing the recycled raw material and manufactur-
ing the final crosslinked PE-X pipe product.
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ADVANCED MICROSTRUCTURAL INSIGHTS
AND OPTIMIZATION STRATEGIES FOR ORIENTED
PVC PIPES

Daniel Voces — Molecor, Getafe, Spain, LATEP-GIQA. Rey Juan Carlos University, Mostoles, Spain
E-mail: daniel.voces@molecor.com

Enrique Diaz — Molecor, Getafe, Spain

David Trigo — Molecor, Getafe, Spain

Carlos Dominguez - LATEP-GIQA. Rey Juan Carlos University, Mostoles, Spain

Rafael A Garcia — LATEP-GIQA. Rey Juan Carlos University, Mostoles, Spain, Instituto de Investigacion
de Tecnologias para la Sostenibilidad. Rey Juan Carlos University, Mostoles, Spain

Oriented PVC (PVC-O) pipes are produced by aligning the polymer chains predominantly in
the hoop direction. This alignment alters the material's microstructure, resulting in significant
improvements in its mechanical properties. The orientation also affects the failure mode, as
conventional PVC pipes typically fail through radial cracking. In contrast, PVC-O pipes experi-
ence crack propagation along the hoop direction. These changes in both mechanical properties
and failure behavior demonstrate the crucial role of polymer chain alignment in enhancing the
performance of PVC-O pipes.

Microstructural characterization of PVC-O pipes has been relatively underexplored in the liter-
ature, as most published studies focus on oriented PVC sheets rather than pipesl-3. This lack
of research leaves a gap in understanding the specific microstructural features of PVC-O pipes,
such as the degree of polymer chain orientation, stress distribution, and behavior under pres-
sure. Additionally, there is limited understanding how these microstructural characteristics in-
fluence the long-term performance, fatigue resistance, and failure mechanisms of PVC-O pipes.
Addressing these gaps is essential for optimizing the orientation process, improving material
design, and fully maximizing the benefits of pipe manufacturing, ultimately leading to more ef-
ficient and durable piping systems for critical applications.

The primary objective of this study is to conduct a detailed microstructural characterization of
a uniaxially oriented PVC pipe. This involves analyzing the orientation and distribution of pol-
ymer chains, identifying key microstructural features that influence mechanical performance,
and assessing the degree of orientation achieved during the manufacturing process. Therefore,
by understanding the relationship between the microstructure and mechanical properties, this
study aims to contribute to optimizing PVC-O production methods and expanding knowledge
of its technical performance.
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A REVISED NCLS TEST METHOD TO PREDICT
SERVICE LIFE FOR STRUCTURE-WALLED PIPES

Michael Pluimer — University of Minnesota — Duluth, Emily, United States of America
E-mail: mpluimer@d.umn.edu
Sara Stone — Crossroads Engineering Services, Duluth, United States of America

The Notched Constant Ligament Stress (NCLS) test method as specified by ASTM F2136 is cur-
rently used in the corrugated and structure-walled pipe industries and several other industries to
evaluate the stress-crack resistance of the materials used in these respective applications. The
current test method involves the notching of dog-bone test specimens and the immersion of
these specimens in a solution containing 10% Igepal CA-630 surfactant (octylphenolethoxylate)
and 90% deionized water. The test bath is heated to 50 degrees C, and a load is placed on the
test specimens to generate a constant stress across the un-notched portion of the ligament.
Current pipe standards require minimum failure times ranging from 12-33 hours, depending on
the application and other parameters. These minimum failure times were established based on
empirical data and are not tied directly to service life.

In recent years, Igepal has come under scrutiny due to its toxic nature and is in jeapordy of being
banned in several countries. As such, the need for a new test method that does not use this sur-
factant is imminent. Crossroads Engineering Services and the University of Minnesota - Duluth
have conducted research to replace the Igepal solution in the current NCLS test with a 100%
deionized water solution, similar to what is specified in the Un-notched Constant Ligament
Stress (UCLS) test specified in ASTM F3181. Conducting the test in a 100% DI water solution
offers several advantages. First, this test bath is hon-toxic and can be used in any laboratory.
Secondly, since the UCLS test already utilizes a 100% DI water solution, the same test equipment
could be used for this revised NCLS test. Thirdly, and perhaps most importantly, conducting the
testin 100% DI water will allow the test results to be shifted utilizing traditional methods such as
Popelar Shift Factors and the Rate Process Method to extrapolate the data to service conditions.
As such, the test can be used to predict service life.

Several materials have been tested to validate the methodology, and a round robin is currently
underway involving multiple materials and multiple laboratories. The analysis will be completed
by May of 2025, and the results presented in this conference. A relationship between the revised
NCLS test and service life in various conditions will be shown.
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ANALYSIS OF SGF ORIENTATION OF
POLYETHYLENE REINFORCED WITH SHORT
GLASS FIBERS PIPE BY SPIRAL CROSS
WINDING METHOD

Mitsuaki Tokiyoshi — C.I. TAKIRONCIVIL Corporation, Tokyo, Japan

E-mail: mitsuaki_tokiyoshi@takiron-ci.co.jp

Yutaka Sawada — Graduate School of Agricultural Science - Kobe University, Kobe, Japan

Hirofumi Fukui — Prime Polymer Co., Ltd, Chiba, Japan

Kensei Inoue — Prime Polymer Co., Ltd, Chiba, Japan

Takashi Kuriyama — Kyushu University - Research Institute for Hydrogen Industrial Use and Storage,
Fukuoka, Japan

Toshinori Kawabata — Kobe University, Kobe, Japan

Polyethylene reinforced with short glass fibres (PE-sGF) pipe, manufactured by combining short
fiber glass (sGF) with PE100 as a reinforcing material, has a higher pipe rigidity in the pipe cir-
cumferential direction than that of PE100 because of the reinforcing effect of the reinforcing
material and a performance similar to PE100 in terms of flexibility in the pipe axial direction. This
performance is clarified by the numerical value of the tensile yield stress or tensile modulus of
elasticity, which can be obtained by tensile tests that use specimens extracted from the PE-sGF
pipe in the circumferential or axial direction. However, the factors behind the mechanical be-
havior remain unclear.

Therefore, the orientation of the sGF was confirmed using X-ray CT analysis. The results show that
the striped pattern orientation angle mapping results toward thickness were obtained in the ex-
trusion direction and thickness directions. This striped pattern indicates that the orientation of the
sGF is cross-oriented with a slight inclination to the extrusion direction; the orientations switch at
an interval of constant thickness. These thicknesses are equivalent to the thickness of each layer of
the PE-sGF pipe, similar to the cross-winding molding method. Therefore, the sGF were proven to
be oriented according to the extruded manufacturing angle, while the pipe was mostly reinforced
in the circumferential direction. Nevertheless, in first study to provide PPXXI1 and previous study?2,
the orientation results of sGF discharged from the twin screw extrusion as same as PE-sGF pipe
extruder was no oriented in the extrusion direction at the center of flow as like generals3. So, while
physical properties and orientation analysis are not in match then. In this second study continued
to analyze the flow path at the die head of PE-sGF extruder in more details and perform flow anal-
ysis. It was the focus on the glass fibers flow by cross winding method with actual die flow and
appearance of a sGF actual orientation was formed by the pipe with a discussion regarding the
developmental length of the fiber to transfer the shear. As a result in the die flow analysis, glass
fibers were oriented in the extrusion direction as same as real production.
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ARE MICROPLASTICS A PROBLEM FOR
THE PLASTIC PIPE INDUSTRY?

Tina Gruber — University of Minnesota — Duluth, Duluth, United States of America
E-mail: grube237@d.umn.edu
Michael Pluimer — University of Minnesota - Duluth, Emily, United States of America

Polyethylene (PE) was first introduced in 1933 as an alternative material for pipes due to its cost
effectiveness in manufacturing, installation, and transportation.2,3,6 It also provided a distinct
advantage over other piping materials like concrete and steel, as it does not corrode, thus ex-
tending the service life.4 Despite these positive attributes, PE and other plastic materials have
the potential to abrade into macro, micro, and nano plastics that are prevalent in aquatic and
terrestrial environments. Microplastics (MPs), 1 to 5um in diameter, and nano-plastics, <lum, are
highly mobile and can be found in remote areas, like polar regions and the Marianna Trench,1
as well as in processed beverages and the skins of fruits and vegetables.5 Competing industries
and advocate groups have targeted the plastic pipe industry as contributing to the MP pollution
issue. However, there is currently limited published research to support these claims, and addi-
tional research is needed to quantify the types of MPs that could be potentially generated by the
plastic pipe industry as well as the potential impact of the plastic pipe industry to MP pollution.

The research presented in this paper involves a study of the abrasion rates of high-density poly-
ethylene (HDPE) pipes used in storm sewer applications and their potential to generate microplas-
tics. The study includes a laboratory test utilizing a slurry mixture inside of a rotating pipe to abrade
the pipe materials, and the separation, quantification, and qualification of the various MP particles
that are generated. The wall thickness of the pipes will be monitored throughout the test and the
abrasion rates recorded. The abrasions rates in the laboratory study are then correlated to actual
measured rates of abrasion observed in a field study in the U.S. Additionally, stormwater samples
will be collected at various locations in the U.S. to determine the types and quantities of MPs pres-
ent and to assess whether or not any of them could have been produced by plastic pipes based on
the assessment of abraded materials collected in the laboratory study. Finally, the total potential
contribution of the plastic pipe industry to MPs will be quantified based on various abrasion rates.
Research is currently underway and expected to be completed by June of 2025.
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SPECIALIZED MULTILAYER DIE-HEAD DESIGN -
NEW CONCEPTS FOR NEW QUESTIONS

Robert Weddige — KraussMaffei Extrusions GmbH, Laatzen, Germany
E-mail: robert. weddige@kraussmaffei.com
Lasse Limbach — KraussMaffei Extrusions GmbH, Laatzen, Germany

New applications, difficult market environments, legislative regulations and social changes impli-
cate increasing technical and commercial create new tasks for the manufacturing industry. This
abstract will show, how machine manufacturers can support their customers with answers includ-
ing machine concepts as well as software solutions.

With changing requirements, high performance grades become more important. This can be
caused by environmental circumstances as well as by the transported liquid or gas. One big topic
is the future layout of a hydrogen transport grid. While existing pipe designs are considered to be
able to transport hydrogen, the loss by permeation is an issue. Barrier layers, e.g. made of PA, can
help to reduce those losses, but add extra cost to the pipe. they tend to be processed different and
to be costly. This implies the need of adapting the equipment an leads to the demand to use as less
as possible material. Ideally, only thin barrier layers are made, while mechanical stability has to be
maintained by less costly materials in thicker layers. New multilayer designs with a different thickness
distribution of the single layers are created. Specialized polymers are used in dedicated dimensions.

Additionally. those high-performance polymers are processed differently. E.g., process tempera-
tures are higher than those of the partnering grades. Temperatures of e.g. 300 °C plus can damage
the other polymers, if the contact is too long.

To overcome this issue and meet the requirements, a new 3-layer pipe-head was developed with
a heated and insulated melt channel, taking the functional inner-layer right to the front, so con-
tact to the other polymers is minimized. An adhesive layer ensures the bonding to the outer layer
made e.g. of PE. Polymers like PPS, PA, PVDF can be processed this way. This allows the creation
of new pipe concepts for various applications presented here and is also the basis for other spe-
cialized tooling concepts for unique applications, meeting both commercial and process related
requirements.
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INFLUENCE OF SERVICE LATERALS ON THE
SEISMIC RESPONSE OF HDPE PIPES

Michael O'Rourke — Member of ASCE / SEI, SEl fellow, Clifton Park, N.Y., United States of America
E-mail: orourma@rpi.edu

There are two main seismic hazards for buried pipelines, wave propagation and permanent ground
deformation. Both involve deformation of the soil surrounding the pipeline, which in turn imposes
a deformation on the pipe itself. The more important of these ground-imposed deformations is
axial rather than flexural, inducing axial tension or axial compression in the pipeline. As a result,
one of the key parameters controlling the seismic behavior of buried pipelines is the axial soil fric-
tion force per unit length t,.

The soil friction T, is an increasing function of the pipe diameter, pipe burial depth, unit weight of
soil, and the friction coefficient at the soil-pipe interface. It has been widely used by lifeline earth-
quake engineers since the 1970's. However current relations for tu assume there are no service
laterals or other pipes connected to the pipeline of interest. As one might expect, the presence of
an interconnecting pipe at nominally 90° to the pipeline of interest tends to increase the effective
soil friction acting upon the pipeline of interest.

The paper will develop a modification factor to account for the presence of service laterals upon
Tu. It will be assumed that there is a fixed connection (no relative rotation) between the service lat-
eral and the pipeline on interest. It will be shown, as one might expect, that the modification fac-
tor increases T, and itself is an increasing function of the service lateral diameter, wall thickness,
burial depth and soil unit weight. The modification factor is a decreasing function of the spacing
between the laterals.
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PAVING THE WAY FOR THE USE OF REINFORCED
THERMOPLASTIC PIPES FOR THE TRANSPORT
OF CARBON DIOXIDE

Sjoerd Jansma — Kiwa Technology, Apeldoorn, The Netherlands

E-mail: sjoerd jansma@kiwa.com

Suzanne van Greuningen — Kiwa Technology, Apeldoorn, The Netherlands
Peter Cloos - SoluForce, Enkhuizen, The Netherlands

One of the few ways in which the energy-intensive industries can avoid large amounts of CO,
emissions in the short term is through the use of Carbon Capture, Utilization, and Storage
(CCUS). This will require a CO, transport system between the carbon capture site and the stor-
age site, providing an opportunity for new piping systems. However, changing the transport
medium to CO, is accompanied by a change in the properties of the medium. This affects the
product performance, which needs to be reconsidered and defined accordingly. This paper de-
scribes the tests and the model used to define the behavior of a reinforced thermoplastic pipe
(RTP) in terms of chemical resistance and permeation to carbon dioxide.

Carbon dioxide has a high solubility compared to other media, such as nitrogen and methane,
for most materials. The main product properties that this high solubility can affect are:

The chemical compatibility of the materials, in particular the resistance to rapid gas decompres-
sion (RGD). During a rapid decompression event, absorbed gases in the polymer can expand
rapidly, resulting in blistering and cracking of the material.

The permeation rate of the RTP. The permeability coefficient depends on both the diffusivity
and the solubility of the permeant in the material. A high solubility can therefore result in a high
permeability. The resistance to RGD of a HDPE liner is demonstrated by submerging test pieces
in supercritical CO, at 156 bar and 65 °C and quickly reducing the pressure to atmospheric con-
ditions for 20 cycles. The test shows no formation of blisters, or slitting, or other defects.

The permeation rate of the RTP is determined by two different methods. The first method uses
the permeation properties of each material in each layer, which are combined in a model to
estimate the overall permeation rate. Some of the parameters were first determined in a sepa-
rate permeation experiment. The second method consists of a full-scale permeation test of the
product at 40 bar and 65°C using gaseous CO,. The latter measurement is used to validate the
previous model, providing an overall understanding of the product’'s performance.

The results presented in this paper show that RTPs are a mature product and are able to com-

pete with steel pipes for the transport of carbon dioxide at high pressure and temperature, mak-
ing them an excellent alternative as piping system for CCUS.

ID192

WWW.PPXXIIT.COM « WARSAW 2025




c Pip

N 6“"
;9' 5A - RESILENCE AND SUSTAINABILITY

XXII Day 2, Tuesday, 10:00-10:20

ASSURING A SUSTAINABLE FUTURE OF OUR
INDUSTRY'S WORKFORCE — SOME NORTH
AMERICAN RESOURCES FOR THOSE INTERESTED
IN PLASTICS PIPING SYSTEMS

White G. Jee — JEE Consulting Services LLC, Sugar Land, United States of America
E-mail: wgjee@jeeconsulting.net

“Education is our passport to the future, for tomorrow belongs to the people who prepare for
it today.”

Whether you are a novice to this industry, an experienced piping system professional, or one
who is approaching retirement and has experienced the benefits of being in this industry, it is of
utmost importance that resources are available to educate and train the next workforce gener-
ation on the various aspects of plastics piping systems and the opportunities available.

This paper/presentation provides some insights on available North American resources for one
who may have an interest in this industry from a general perspective of standard development
organizations or industry association programs such as the ASTM Emerging Professionals Pro-
gram and PPI (Plastics Pipe Institute) E-learning short course topics.
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GREEN COMPOSITION — MAKE MULTI-LAYER
PIPE RECYCLABLE AND SUSTAINABLE

Li Xing — Zhejiang Shuanglin Environment Co. Ltd., Hangzhou, China
E-mail: starslom@hotmail.com

Aluminum-plastic composite pipe is widely applied on portable water, air, heating and air condition-
ers. However, it is a long-lasting headache issue that there were not good solutions to recycle the
factory waste MLP pipe and building trash MLP pipes, since the first day of multi-layer pipe created.
Based on our customers request, after hundreds of times of trying, we had completed the “green
composition” project development: recycle the MLP pipe, reuse all plastics, and make it profitable.
Three high challenge work have been overcome by 4 steps: 1, separate the plastic from alumi-
num completely, 2, reuse the plastic after it was separated from aluminum, as well as PEX, 3,
keep aluminum in a safe and good condition. 4, reuse the PEX in a sustainable and environment
friendly way. Up to today (March 15, 2025), we have recycled about 80 tons PERT-AL-PERT
pipes, 20 PEXb-AL-PEXb pipes, 20 tons PPR-AL-PPR pipes in our trial plant in Hangzhou, China.

1. New way of separation

There are three different separation solutions on factory production MLP pipe waste and social
building MLP pipe trash. 1, Grinding powder static electricity separation, 2, crush and heating in
chemical formulated water or steam, 3, multi-stages physical cut-heat separation.

1. Grinding powder static electricity separation is a well know solution, but leads to problems
on a) aluminum powder mixed in the plastic, which can be applied on lower grade plastic
production. B) Aluminum powder in dry condition is prone to flash explosion and burning.
C) environment pollution on powder flying.

2. Crush and chemical heating solution, use big volume of water. it is a good way to deal with
the crushed MLP pipe and social building MLP pipes.

3. Multi-stage physical cut-heat separation process does not use water or chemical, does not
produce powder, and plastic is completely separated from the aluminum. Aluminum is collect-
ed and pressed into bricks from separated aluminum strips, it is safe and transport friendly. The
separation machine size is 15meters length by 2 meters width, one people easily operation.

2. Better application of recycled plastics
Because of slit glue containing, the separated PERT, HDPE and PPR can be applied on irriga-
tion pipes, sewage pipes, corrugated pipes, and injections by appearance of virgin materials.

3. Aluminum is pressed into rectangular blocks or bricks, easy carry by folk truck and transport
by truck or containers.

4. PEX recycled scraps can be extruded into pellets, which is a nice formulation material on ir-
rigation tape production, and can be extruded into PEX wax as lubricant in lower quality level
applications.

Conclusion: The solutions in this presentation for aluminum-plastic composition pipe separa-
tion, also can be applied on cooper-plastic pipe and wires industry.
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NEW EU REPRESENTATIVE ENVIRONMENTAL
DATASETS (LCIS) FOR RECYCLED PVC
(FLAKE & MICRONIZED POWDER)

Jean-Pierre Taverne - The European Plastic Pipes and Fittings Association (TEPPFA), Brussels, Belgium
E-mail: jean-pierre.taverne@teppfa.eu

Exchanges between TEPPFA, PlasticsEurope, VinylPlus and EUPC experts hinted at the lack of
reliable, up-to-date Carbon Footprint values for rPVC used in PVC pipes in Europe to support
EPD developments according to EN 15804 A2+:2019.

Preliminary analysis indicated a very limited number of, old, scattered and not very well docu-
mented sources at EU or national level. Therefore, it would be highly useful to get updated &
harmonized European datasets for r-PVC grades.

Consequently, TEPPFA decided to start developing EU representative Lifecycle Inventories (LCI)
i.e. generic datasets, for r-PVC grades used in EU pipe & fittings manufacturing and ecoprofiles
including Carbon Footprint values. The project is co-funded by VinylPlus and TEPPFA and in-
volves 4 PVC recyclers, ensuring a good geographical & technological representativeness of the
generated datasets.

An 1-to-1 internal enquiry among TEPPFA members, in compliance with EU competition rules,
concluded that r-PVC micronized powder between 500um & 650 um was the most used feed-
stock, either purchased directly from recyclers or flakes milled internally or externally into mi-
cronized powder.

Therefore, it was decided to develop 2 r-PVC LCls, 1 for micronized powder and 1 for flakes, compli-
ant to the ILCD Entry Level Requirements and directly usable for EPDs. A Technical report explaining
how the datasets have been generated will be part of the deliverables. A third-party review of the da-
tasets and the LCA model will be performed and the LCA study will be compliant with ISO 14040/44.

The project outcome will allow some flexibility as the user will be able to associate a specific
electricity mix to get Carbon Footprint values reflecting where flakes are produced or milled.

The paper will present the methodology followed, present the main LCIA indicators for both
r-PVC grades and make the connection with EPDs & the new CPR environmental indicators
reporting obligations, which will progressively apply to construction products.
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INNOVATIVE HDPE PIPES WITH SUPERIOR
ABRASION AND CRACK RESISTANCE FOR
MINING APPLICATIONS

Pongpol Ekabutr - SCG Chemicals Co., Ltd., Bangkok, Thailand
E-mail: pongpole@scg.com
Natthaporn Suchao-In — SCG Chemicals Co., Ltd., Bangkok, Thailand

The mining industry frequently faces the challenge of replacing PE100 pipes due to the severe
abrasion caused by the transport of materials such as mines, rocks, sand slurry, and water. This
constant need for replacement leads to increased installation costs, production downtime, and
workflow interruptions. To mitigate these issues, SCG Chemicals Co., Ltd. has developed a Very
High Abrasion Resistance HDPE pipe, specifically engineered for highly abrasive applications.

Through the enhancement of molecular weight to 600,000 g/mol and optimization of the pol-
ymer structure using SCGC's patented technology, this innovative material exhibits superior per-
formance. It retains the minimum required strength classification (MRS > 10 MPa) in accordance
with ISO9080 standards. The material's abrasion resistance has been tested following ISO15527
and shows double the resistance compared to PE100, as verified by wear resistance application
tests. Field trials conducted in actual mining environments with a slurry solid content of 25% by
weight and a solid velocity of 4 m/s have demonstrated significant improvements in pipe longevity
and performance, offering substantial cost savings and operational benefits to the mining sector.

In addition to its superior abrasion resistance, the new material demonstrates excellent impact
resistance under normal and extreme conditions. Moreover, it shows enhanced resistance to
rapid crack propagation, further increasing its durability in harsh environments when compared
to PE100 pipes. The optimized polymer design structure with high molecular weight allows it to
be processed using conventional pipe extrusion process for diameters ranging from OD 32 mm
to OD >1100 mm without requiring modifications to existing tooling. It can also be coextruded
to produce pipes with multi-layers designed for specific applications.

This development represents a significant breakthrough in HDPE pipe materials for mining ap-

plications, offering improved durability, extended service life, reduced maintenance needs, and
enhanced cost-efficiency for industrial operations.
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COMPARING THE ENVIRONMENTAL IMPACTS OF
DIFFERENT PIPING SYSTEMS

Lucy Croker - Vinidex Pty Ltd., Sydney, Australia

E-mail: lcroker@vinidex.com.au

Matthew Hynes - Iplex, Sydney, Australia

E-mail: matthew.hynesa@iplexpipelines.com.au

Cindy Bray — Plastics Industry Pipe Association of Australia Limited (PIPA), Brisbane, Australia

Life Cycle Assessment (LCA) studies and Environmental Product Declarations (EPDs) for building
products, including pipes, are becoming increasingly available as suppliers recognize the need
to understand the environmental impact of their products.

EPDs provide transparent and independently verified information about the environmental im-
pacts of these products. As users become more familiar with EPDs, the ability to select prod-
ucts that contribute to reducing the carbon footprint of a project becomes one of the drivers
of sustainable procurement. However, the complexity of the information means that making
meaningful comparisons can be problematic.

The plastic pipes industry association in Australia needed to understand how plastic pipes com-
pared to alternatives and the significance of the differences. This included having the ability to
communicate these impacts and importantly put them in context for a wider audience who
may not have the level of experience with EPDs and their environmental indicators. To do this
an independent third party was engaged to use published EPDs for different piping materials to
compare the relative performance over commonly identified impact categories.

Systems that were studied included stormwater drainage pipes, water reticulation systems and
pipes in buildings, comparing piping systems commonly used in Australia.

After considerable effort, comparison reports for drainage and infrastructure have been final-
ized. While some adjustments were required to align different EPDs, these documents provide
valid and meaningful comparisons of pipe alternatives. Unfortunately, the comparison report for
the built environment had to be shelved pending availability of better data as too many assump-
tions would have been required.

This paper describes the development of the pipe environmental comparisons and highlights
some of the key outcomes. Whilst this work applied to various plastic pipe materials this paper
focuses on polyethylene (PE) pipes.
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INVESTIGATION OF A PP-RCT PIPE AFTER
5 YEARS USE WITH 95 °C HOT WATER

Olle Persson — Borealis AG, Stenungsund, Sweden
E-mail: olle.persson@borealisgroup.com

Andreas Frank — Borealis GmbH, Vienna, Austria

Roberta Brusi — Nupi Industrie Italiane, Busto Arsizio, Italy

For many decades, pipes and fittings manufactured from polypropylene random-copolymer
(PP-R) have been successfully used for the distribution of hot and cold water in heating and
plumbing applications inside buildings or in industrial processes. The development of PP-R with
raised crystallinity and temperature resistance (PP-RCT) about 20 years ago resulted in signifi-
cant further improvements of the material performance.

This study examines the long-term performance of a multilayer PP-RCT pipe used for water
transportation at 95°C for five years. The 160 mm SDR74 pipe, taken from an ltalian co-gen-
eration plant, features a glass fiber middle layer, insulating polyurethane foam, and a PE jacket.
Utilizing a combination of Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron
Microscopy (SEM), Wide-Angle X-ray Scattering (WAXS) and Differential Scanning Calorimetry
(DSC), the material's structural integrity, thermal stability, and beta crystallization content were
evaluated. The stabilization package of the material was also investigated using High Perfor-
mance Liquid Chromatography (HPLC).

The results were benchmarked against standardized application classes and reference curves as
outlined in ISO 15874 and ISO 15494. While the actual application of the pipe took place under
harsher conditions than described in the defined application classes, the generated results indicate
that the investigated multilayer PP-RCT pipe still exhibits superior durability and reliability, meeting
and even exceeding the required performance criteria set by these international standards.

Notably, the tests did not indicate any chemical degradation of the polymer even on the inside
of the pipe, and the long-term stabilization remains sufficient for several more years of use. For
actual lifetime assessments, further testing at various points in time would be necessary.

The study concludes with a discussion on the implications of these results for future applica-
tions in high-temperature environments. The findings suggest the possibility of extending the
scope of the application classes for PP-RCT in the future, further enhancing its versatility and
utility in various industrial and domestic settings.
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THE RECYCLING COMMITMENT OF THE
EUROPEAN PLASTIC PIPE INDUSTRY

Ludo Debever — The European Plastic Pipes and Fittings Association (TEPPFA), Brussels, Belgium
E-mail: ludo.debever@teppfa.eu

Mid 2021 TEPPFA launched its new vision and strategy. It underlined TEPPFA's commitment to the
EU’s ambition for a circular economy and climate neutrality by 2050 as part of the EU Green Deal.

The major must-win battle of TEPPFA's new strategy is its contribution to the Circular Economy.
TEPPFA is committed to pave the way to increase use of recycled content / material in plastic pipe
systems in Europe all whilst maintaining the performance (technical, hygienic and longevity).

To achieve the ambition TEPPFA is opening the EN standards for an increased use of recycled
materials. TEPPFA further supports scientific research for qualifying recycled materials for long
lifetime and developed a CEN/TS for design for recycling of thermoplastic pipes.

Awaiting a European legislation on recycled content for building products including pipes, some
countries have already decided on legislation, such as in Flanders, a region in Belgium, which
from 2027 onwards imposes 20% recycled content in non-pressure sewage pipes for public pro-
curement. In other countries, such as in The Netherlands, Italy and Germany it is currently being
discussed if a minimum threshold should be imposed especially for plastic building products.

Plastic pipes have an expected lifetime ranging from 50 to up to 100plus years, which means
that sources from other end-of-life plastic products need to be found to meet the industry’s re-
cycling objectives. Therefore, the industry calls on European and national authorities to develop
supportive measures to guarantee a constant availability of recyclate that meets the quality and
economic requirements of plastic pipe manufacturers, especially if demand increases in other
plastic sectors. Moreover, TEPPFA members are currently investigating and setting up additional
voluntary collection schemes for pipes in Switzerland and monitoring the experience gained
from the French EPR schemes for Building and Construction. In addition, BureaulLeiding (NL),
KRV (DE) and recently BPF Pipes (UK), have conducted studies of the material flow to better map
the available quantities of installation scrap and end of life pipes as well as a better understand-
ing of the existing collection and recycling infrastructure.

This paper provides information and background of the initiatives taken to support a growth in
the use of recycled material for plastic pipes including the development of collection and recy-
cling systems for installation scrap and end of life pipes in an EU perspective.
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MODELING OF BRITTLE FRACTURE BEHAVIORS
OF POLYETHYLENE PIPES UNDER OXIDATIVE
ENVIRONMENTS

Jung-Wook Wee — Kyungpook National University, Daegu, South Korea
E-mail: jwwee@knu.ac.kr

Suleyman Deveci — Borouge Pte. Ltd., Abu Dhabi, United Arab Emirates
Byoung-Ho Choi — Korea University, Seoul, South Korea

Polyethylene pipes have been widely used in gas or water distribution systems, due to their flex-
ibility, ease of installation, and resistance to seismic loading. In addition, the structural durability
of the polyethylene pipes has been continuously improved through advancements in catalyst
and polymer processing. Due to these improvements in material properties, polyethylene pipes
are now frequently used in high-pressure piping systems that demand high structural integrity;
thus, suitable lifetime assessment methods are required.

Polyethylene pipes exhibit different failure modes depending on the applied stress1-2. At the high
level of hoop stress, the localized large plastic deformation leads to ductile failure. At the interme-
diate stress range, the pipes fail in brittle fracture consisting of crack initiation, slow crack growth,
and fast fracture. Furthermore, when the polymer pipes are exposed to highly oxidative environ-
ments, premature brittle fracture due to oxidative degradation occurs3. Among the distinct failure
modes, field failures under normal operating conditions are known to be closely related to the
second and third modes. Under the oxidative environments, the effects of the mechanical stress
and chemical oxidation act simultaneously to reduce the polymer properties4. Therefore, durabil -
ity assessment methods should take these combined effects into consideration.

In this study, a model was developed to simulate crack initiation and slow crack growth behavior
of the pressurized polyethylene pipe under oxidative environments. The multiple crack initiation
behavior observed in oxidative conditions was simulated using the fracture energy method, and
the slow crack growth of the main crack under chemical degradation was also represented. This
approach is expected to improve the accuracy of lifetime predictions for polyethylene pipes in
chemically aggressive environments.
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REDUCING EMBODIED CARBON THROUGH THE
USE OF PLASTIC PIPE IN INFRASTRUCTURE

Daniel Currence — Plastic Pipe Institute (PPI), Irving, United States of America
E-mail: dcurrence@plasticpipe.org

Daniel Figola — Advanced Drainage Systems, Hilliard, United States of America
Joseph Babcanec — Advanced Drainage Systems, Hilliard, United States of America

With the increased focus on the reduction of Embodied Carbon in Infrastructure projects the
focus is typically on large ticket items such as ready-mix concrete and asphalt. Engineers often
overlook simple opportunities such as storm sewer and culverts for carbon reduction opportu-
nities. This paper will outline some examples of how the selection of thermoplastics materials
over traditional materials can provide a significant carbon savings. The savings for carbon can be
demonstrated across the value chain from single use plastics to durable pipe goods. The paper will
also review the recent project from NIST showing the environmental impacts of diverting recycled
plastics materials to single use plastics vs durable pipe product. Recent infrastructure projects will
be used to demonstrate the potential savings from construction perspective when using plastic
pipe materials vs traditional materials. Calculations for carbon comparison will be bases off of a
comparative LCA for drainage products that was completed in accordance with ISO standards.
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MOBILE EXTRUSION TECHNOLOGY -

A SUSTAINABLE CASE STUDY IN THE
PRODUCTION, JOINING, AND INSTALLATION
OF LONG LENGTHS OF HDPE PIPES IN A MINING
APPLICATIONS

White G. Jee — JEE Consulting Services LLC, Sugar Land, United States of America
E-mail: wgjee@jeeconsulting.net

Donny Johnson — The Mosaic Company, Bowling Green, United States of America
Shahab Shokrani — The Mosaic Company, Bowling Green, United States of America
Andy Ethridge — Baystar, Pasadena, United States of America

At the 2021 PPXX Conference in Amsterdam, the concept of mobile extrusion technology was
introduced into the North American pressure pipe market as an innovative means of HDPE pipe
supply in regions of high demand. This technology which was owned by a New Zealand company
at that time was subsequently sold to an American mining company which utilizes this technol-
ogy to produce various lengths and sizes of HDPE pipe that are used in the production process.
The technology services over 300 miles (>485km) of active mine piping and other process wa-
ter pumping. Some of the conveyances are abrasive which requires frequent replacement. The
unigue mobile extrusion technology provides several benefits to the operation: production and
deployment of long lengths of HDPE pipe requiring less fusion joints, quicker deployment, lower
cost through vertical integration, transportation savings and economical substitution of steel pipe.

This paper/presentation describes the compliments of mobile extrusion technology to produc-
tion, logistics, joining, installation, conveyance and sustainability of HDPE pipes’ beneficial solu-
tions for phosphate mining applications as well as solutions over previously used steel piping.
This paper will contrast the positive solution and experience of HDPE piping systems since pilot
testing began in 2021 as compared to some of the issues previously encountered when using
steel piping systems for these demanding applications.

Furthermore, case studies with insights from the end user will be presented which examines spe-
cific mining projects in central Florida where 48" SDR 21 and 48" SDR 26 HDPE pipes (1200mm)
were produced and installed for water conveyance and 30" SDR 11 HDPE pipes (760mm) for tail-
ings conveyance. Also addressed is the planning, coordination, mobility and efficiency of site set-
up of three production lines which service the expansive land mass of three integrated mines.

Finally, the sustainability vision is reviewed through processes of harvesting worn pipe and the
introduction of greater re-grind material into the final pipe product.
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PLASTIC PIPE MARKET DEVELOPMENT AFTER
ECONOMIC CHANGE IN 1989 IN POLAND

Piotr Falkowski — Polskie Stowarzyszenie Producentow Rur i Ksztattek z Tworzyw Sztucznych,
Torun, Poland
E-mail: piotr.falkowski@prik.pl

In year 1989 in Poland the base of economics has been changed from planned economy to
market economy. In that time Polish market has been opened to new developments in general
as well as in piping business.

Poland has begun to catch up in the development of water supply and sewer networks. This was
also related to the urban development of urban and rural areas. This paper deals with the devel-
opment of the infrastructure market and catching up in the supply of drinking water and sewage
disposal. An important element of the changes is the change in the material structure of the
constructed water supply and sewer networks, where plastic pipe solutions have begun to play
an important role. The recorded increase in the number of water supply and sewer house-con-
nections (laterals) is not without significance. Thus, Poland is quickly catching up in the degree
of saturation with water supply and sewer networks. The support of development funds from
the European Union is not without significance.

Common production of plastic pipes is based on product standards or national approvals. Dur-
ing last decades, Polish standards as well as technical approvals has been evolved. It was dis-
cussed in which direction it should evolve. When Poland joined European Union (EU) in year
2004, it was clear that standardization should follow European Standards.

Similar changes are taking place in other countries of Central and Eastern Europe (CEE).
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REDUCING GREENHOUSE GAS EMISSIONS
THROUGH INNOVATION IN THE PLASTIC

PIPE INDUSTRY: PATHWAYS TO LOW-CARBON
POLYETHYLENE

Gaélle Pannier — INEOS Olefins & Polymers Europe, Brussels, Belgium
E-mail: gaelle.pannier@ineocs.com

Climate change poses one of the most significant challenges to our planet. The consequences
are far-reaching, from changing weather patterns that jeopardize food production to rising sea
levels that heighten the risk of devastating floods. Addressing these global impacts requires a
concerted effort to reduce greenhouse gas (GHG) emissions, particularly carbon dioxide (CO,),
stemming from human activities.

In recent years, the plastic pipe industry has made substantial strides in minimizing GHG emissions
throughout the production process. This includes adopting more efficient and cleaner methods
upstream and exploring alternative raw materials that are not fossil-based. Additionally, downstream
efforts focus on applications that support the energy transition, such as protecting high-voltage ca-
bles installed underground and transporting clean molecules like hydrogen and CO.,,.

This paper will present specific examples of pathways to achieve low-carbon polyethylene, in-
cluding the use of renewable feedstocks and cutting-edge cracking technology. These alter-
native feedstocks, which do not compete with food production, include sources such as crude
tall oil (CTO) from the paper industry and used cooking oil (UCO). The resulting renewable
bio-based HDPE serves as a drop-in alternative to fossil-based products, offering the same
performance while benefiting from biogenic greenhouse gas credits due to CO, removal via
photosynthesis. The carbon footprint of polymers can be reduced by up to 150%, depending
on the type of renewable feedstock used. Additionally, polyethylene’s carbon footprint can be
further lowered by improving cracking technologies. For example, a new gas cracker under
construction in Antwerp is designed to be CO, neutral after ten years of operation, resulting in a
reduction of at least 41% in polyethylene's carbon footprint from its start-up.

Some case studies highlighting the increasing interest in high-density polyethylene (HDPE) pipes
for new applications, such as hydrogen transport and storage, or long-distance delivery of green
electricity will be shown as well.

For certain uses, HDPE pipes are preferred over traditional materials like steel and concrete

due to their outstanding long-term performance (with an underground lifespan of at least 100
years), recyclability, and lower environmental impact and cost.
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POTABLE WATER DISINFECTION RESISTANCE
CLASSIFICATION METHODOLOGY FOR HDPE
PIPE RESISTANCE AS IMPLEMENTED IN NORTH
AMERICA

Patrick Vibien - Plastics Pipe Institute (PPI), Irving, United States of America
E-mail: pvibien@plasticpipe.org

Camiille Rubeiz — Plastics Pipe Institute (PPI), Irving, United States of America
Kyle Wilkerson - LyondellBasell, Cincinnati, United States of America
Douglas Keller — LyondellBasell, Cincinnati, United States of America

This paper presents research, standards and methods that were adopted in North America to
ensure the long-term resistance of high-density polyethylene (HDPE) pipes to disinfectants that
are commonly used in potable water systems. It begins with a concise overview of secondary
disinfection methods in North American water treatment, particularly focusing on the use of
chlorine and chloramine. The paper will detail the standard procedures for testing HDPE pipe
materials against oxidative degradation, using methodologies outlined in ASTM standards such
as F2263 and D3350. Additionally, it will explain how these materials are categorized into per-
formance classes (CCO to CC3) based on their oxidative resistance.

Key modeling tools will be described to demonstrate how inputs such as temperature, disinfect-
ant concentration, pH, and stress are factored into the prediction of HDPE pipe performance.
The paper will further explore the sensitivity of these inputs and their influence on the projected
lifespan of pipes under different operational conditions. Results from case studies will be used
to validate the model, showing its application in real-world conditions, including a discussion of
its inherent conservatism and limitations. This comprehensive assessment aims to inform engi-
neers and industry stakeholders about the robustness and long-term viability of HDPE pipes in
potable water applications across diverse climates and water quality conditions in North Amer-
ica. Recommendations on further work will be provided.

To support the finding and procedures, the paper will reference established AWWA Standards
such as ANSI/AWWA C901, ANSI/AWWA C906 and PPI technical notes, such as PPl TN-44,
TN-49, and TN-43 and HDPEapp.com to support the findings and methodologies.
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DESIGN CHARACTERISTICS OF HIGH-DENSITY
POLYETHYLENE FOR LARGE DIAMETER
PRESSURE PIPE

Umang Agarwal - Shell Chemical LP, Monaca, United States of America
E-mail: u.agarwal@shell.com

High density polyethylene resin designed for pressure pipe applications have seen multiple
breakthrough innovations in the last few decades. The multimodal resins designed by major
polyolefin companies provide excellent balance of resistance against slow crack growth, ductile
failure due to long term hydrostatic pressure, and rapid crack propagation resistance. Balancing
these properties require an intricate balance of molecular weight distribution and comonomer
distribution in the resin. The designed high-density bimodal products offer extended design life,
high pressure rating, and sag resistance. Achieving optimal performance properties requires
controlled microstructural characteristics, which are significantly influenced by the catalyst type
and process technology used in resin manufacturing.

This study systematically establishes correlations between the microstructural characteristics of
seven commercially available bimodal PE resins, produced using either dual slurry or gas phase
reactors, and their performance properties. Comprehensive microstructural characterization was
conducted using GPC-IR (high-temperature gel permeation chromatography coupled with an
infrared composition detector), 13C NMR (nuclear magnetic resonance), TREF (temperature rising
elution fractionation), and DSC (differential scanning calorimetry). We also measured mechani-
cal, thermal, and rheological properties, focusing on crystallization kinetics, density, slow crack
growth resistance (PENT and strain hardening modulus SHM), and low-frequency shear rheology.

Comparisons were made between key properties of interest, including slow crack growth resist-
ance and low-frequency rheology, both relevant for sag resistance, and microstructural char-
acteristics. Theoretical and empirical correlations based on phenomenological models were
employed for the analysis. The study identifies critical levels of short and long chain branching,
as well as molecular weight distribution characteristics, essential for producing bimodal PE-
4710 certifiable high-density polyethylene resins with low sag resistance. These design prin-
ciples provide a foundation for efficient reactor recipe design and post-reactor modification
processes, advancing the development of pressure pipe polyethylene resins and paving the way
for next-generation pressure pipe grades.
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TOWARD A COMPREHENSIVE UNDERSTANDING
OF THE GRAFTING & CROSSLINKING OF
POLYETHYLENE USING THE SIOPLAS SYSTEM
FOR THE PRODUCTION OF PEX PIPE

Robert Samplonius — KAFRIT NA, Langley, Canada

E-mail: samplonius@kafrit.ca

Marek Gnatowski — Polymer Engineering Company Ltd., Burnaby, Canada
Rajveer Dhillon - Polymer Engineering Company Ltd., Burnaby, Canada

There is a growing demand for plastic pipe, particularly pipe able to be used under continuous
pressure at elevated temperatures. Crosslinked polyethylene (PEX) has become the preferred
material in elevated temperature applications, particularly to produce pipe & tubing used in
residential potable water applications in many regions worldwide. Several processes have been
developed to produce PEX. One popular method developed in 1967 and commercialized about
1990 is the Sioplas system where vinyl trimethoxy silane (VTMOS) is grafted to polyethylene (PE)
and subsequently crosslinked. Cross-linking is carried on when a catalyst & stabilizer master-
batch is extruded together with the grafted PE to produce pipe and then crosslinked with heat
& humidity. Increased demand for PEX has created an environment that can support research
into improved grafting, cost reduction, improved productivity and improved product quality.
here are a significant number of scientific works published examining the PE-VTMOS grafting
process and grafted PE crosslinking. However, the experiments described in these publications
were often carried on in laboratory conditions and only a limited number of works used reactive
extrusion, and the extruders used were rather small. Grafting kinetics depend on reaction con-
ditions which will vary between laboratory and large commercial equipment. For this reason,
our research was focused on data obtained using a commercial size extruder designed for PE
grafting and a factory commercial set up for PEX pipes production.

This paper presents an increased understanding of the technology used to produce, on a com-
mercial scale, PEX compounds for pipes in the Sioplas process and extrusion the pipes. Un-
derstanding of silane grafting enabled identification of existing process shortcomings and in-
troduction of improvements. Our interests were by-product formation reactions, elements of
chemistry kinetics and the final composition of the grafted PE. FTIR spectrometer, DSC and DMA
methods are used.

Specific insights gained will be presented as follows:

o Similarities in composition of the PEX-b resins designated for manufacturing pipes and made
by different manufacturers globally;

e Presence of free VTMO monomers and oligomers in grafted PE;

e Extension of grafting reactions during pipe extrusion process;

e Analysis indicates the likely presence of grafted VTMO dimers and trimers in the grafted PE.

ID212

128

WWW.PPXXIIT.COM « WARSAW 2025



c Pip

PLAS,
7

/B = INNOVATION (RESIN)
Day 2, Tuesday, 14:05-14:25 XXII

HIGH FILLED CONTENT OPVC PIPES FOR LOW
TO MEDIUM PRESSURE RANGE APPLICATIONS

David Trigo Cabaiero — Molecor Technologia S.L., Loeches, Spain
E-mail: david.trigo@molecor.com

OPVC pipes are commonly used in high-pressure applications (>12 bar or 160 psi) due to the
high MRS (Minimum Required Strength) and ductility achieved through the orientation process.
These enhanced properties enable the use of relatively thin walls for high-pressure applications.
However, a significant portion of the network lacks OPVC pipes due to the "thin wall” present in
these pipes. While these pipes technically provide adequate ring stiffness, installation companies
generally prefer thicker walls, often two to three times the wall thickness of OPVC, as they are
accustomed to handling thicker plastic pipes. In these low to medium pressure applications,
such as irrigation systems, installation companies tend to prefer pipes with greater body, par-
ticularly as installation conditions are sometimes less controlled than in infrastructure projects.

To address this challenge, the objective of this study is to develop an OPVC pipe as thick as any
UPVC pipe for the same application but with a cost-competitive formulation that allows it to
compete in the same market. Instead of orienting a standard UPVC pressure pipe formulation, is
proposed orienting a UPVC sewer formulation (with a lower-cost, high-filler composition) and
comparing its performance with that of a standard UPVC pressure pipe of the same pressure ratio.

The study reveals that a “lower-grade” formulation, typically used for non-pressure pipes, when
subjected to the orientation expansion process (patented by Molecor), produces a pipe that
outperforms conventional non-oriented UPVC pressure pipes. Internal pressure and fatigue cy-
cling tests on both UPVC and OPVC-high filler pipes demonstrated significantly superior me-
chanical performance for the latter, making it a highly competitive and reliable solution for low
to medium-pressure applications.
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PLASTIC PIPES IN SUSTAINABLE
INFRASTRUCTURE: DISPELLING COMMON
MISCONCEPTIONS

Tobias Johnsen — PVVC4Pipes, Brussels, Belgium
E-mail: j@pvc.dk

Plastic pipes have faced scrutiny from NGOs over alleged safety and environmental issues, influ-
encing decision-makers, specifiers, and public perception. These claims may lead to preferenc-
es for alternatives like ductile iron, which have higher environmental footprints.

In response, PVC4Pipes and VinylPlus — the European PVC industry’s commitment to sustaina-
ble development — have countered misinformation by providing robust evidence from academ-
ic research and trusted sources, confirming that modern PVC pipe systems meet stringent safety
and environmental standards.

Drawing on findings from the European Chemicals Agency (ECHA) in 2023, which affirmed
that risks associated with PVC production are adequately controlled, VinylPlus launched an in-
fographic in late 2023 and a comprehensive Q&A in 2024, both multilingual. These resources
addressed NGO concerns, including PVC pipe safety, and were made publicly available on web-
sites and disseminated through newsletters to the European PVC value chain. From there, they
cascaded further through industry networks, reaching specifiers, customers, and end users.

To amplify impact and reinforce confidence across the value chain and market, these materials
were central to targeted social media campaigns that successfully rebutted misinformation, en-
gaged diverse audiences, and promoted evidence-based narratives.

The campaigns clarified PVC's compliance with regulatory standards and highlighted its advan-
tages: durability, cost-efficiency, eco-efficiency, and suitability for applications including drink-
ing water, sewage, irrigation, hydrogen, biogas, cable protection, and rainwater management.

This approach demonstrates how coordinated communication strategies, rooted in transparency
and data, can effectively counteract misconceptions and support balanced decision-making in sus-
tainable infrastructure development. It serves as a model for other materials facing similar challenges.
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EFFECT OF INITIAL MORPHOLOGY ON THE
DRAWING BEHAVIOR AND FINAL PROPERTIES
OF BIAXIALLY ORIENTED POLYPROPYLENE PIPES

Mark Boerakker — SABIC Technology and Innovation, Geleen, The Netherlands

E-mail: mark.boerakker@sabic.com

Ajay Taraiya — SABIC Technology and Innovation, Geleen, The Netherlands

Ralf Kleppinger — SABIC Technology and Innovation, Geleen, The Netherlands

Peter Degenhart — SABIC Technology and Innovation, Geleen, The Netherlands

Bi-axially oriented Polyethylene and Polypropylene pressure pipes have shown outstanding im-
provement over the whole property range as were reported in our last presentation at PPXXI.
However, when exposed to elevated temperatures, nearing draw temperatures, biaxially drawn
pipe products undergo dimensional changes that are well beyond acceptable limits for typi-
cal high temperature applications. These changes are mostly connected to relaxations or rear-
rangements in the processing-induced microstructure when exposed to higher temperatures.

An evaluation of Polypropylene resins using the “stepwise isothermal annealing” (SIA) protocol
provided important insights regarding the melting behavior upon extended annealing near the
melting point of those resins. The SIA studies suggested that it is possible to increase drawing
temperatures by up to 15 °C, compared to values previously used. The increase in drawing tem-
perature led to several improvements in the properties of the final product:

e major reduction of the drawing forces required during the biaxial drawing process

» reduction of shrinkage level of the final product to a level which is now within acceptable limits

e an increase of hoop yield stress that is in largely related to an increase of crystallinity upon
annealing

Furthermore, we will highlight how these findings can be captured and steered using the latest
developments in processing and online data capture for the process and quality control. Tem-
perature control from melt to crystallization and reheating to the desired draw temperature
uniformly for biaxial stretching and stretch ratio control are most critical parameters for ensur-
ing optimal performance of these biaxially oriented pipes. To optimize the process conditions
thermal profile simulations were carried out and validated in practice. We will shed light on these
key process controls.
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25 YEARS OF COLLABORATIVE EFFORTS TO
SUPPORT THE PE100 PIPE INDUSTRY

Suleyman Deveci — PE100+ Association, Abu Dhabi, United Arab Emirates
E-mail: suleyman.deveci@borouge.com

The PE100+ Association was founded on 24th February 1999 by Borealis, Elenac, and Solvay. It
currently has a diverse international membership consisting of 15 companies located in Europe
and across Asia. The association is supported by an Advisory Committee of independent experts
and collaborates with other trade associations. It also has a Technical Committee consisting
of material and pipe experts from the member companies. With the support of the Advisory
Committee and the Technical Committee, the association aims to ensure consistent quality in
the production and use of pre-compounded PE 100+ pipe materials. These activities include
promoting the use of PE pipe systems, providing information support to end-users and building
global trust in high-quality pre-compounded PE materials.

This paper will provide a comprehensive overview of the PE100+ Technical Committee activi-
ties, which support different aspects of the industry including test method development, stand-
ardization, technical communications and responses to technical queries from across the value
chain. It covers the committee’s significant activities over the last 25 years, with focus on the
past decade. These have included the support provided to the development and revision of key
ISO standards such as:

— 1SO 13479 Notched Pipe Test (NPT);

— ISO 18488 Strain Hardening Test (SHT);

— ISO 18489 Crack Round Bar Test (CRB); and

— ISO 16770 Full Notched Creep Test (FNCT).

The paper will also highlight the results of several round robin tests managed by the committee
with the assistance of KIWA, the results of the hydrogen gas permeation project and discuss
ongoing and future projects aimed at enhancing the performance and reliability of PE100+ ma-
terials. In summary, the paper will provide insights into the collaborative efforts and technical
achievements of the PE100+ Association in advancing the standards and practices for polyeth-
ylene pipe systems.
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EFFECT OF CREEP IN ESTIMATING DEFLECTION
OF BURIED HDPE PIPE

Chris Ampfer — WL Plastics LLC. an INEOS Business, Cold Spring, United States of America
E-mail: chris.ampfer@wlplastics.com
Amster Howard - Civil Engineering Consultant, Lakewood, United States of America

Limiting deflection is the main design parameter for buried non-pressurized plastic pipe. De-
flection limits are based on maintaining joint tightness, structural integrity, and flow capacity.
The two parameters that play the greatest role in estimating buried pipe deflection are the elas-
tic modulus of the pipe (E) and the reaction modulus (E') of the embedment soil. Variations of
deflection equations can be found in textbooks, papers, and standards. Some include using time
dependent (creep) E-values while others use short-term E-values or ASTM D2412 pipe stiffness
(PS) values. Most plastic pipe materials exhibit creep under constant loading but is it necessary to
consider it for deflection estimates? Results from this analysis as well as testimonies from other
authors suggest that deflection estimates using a PS value or short-term elastic modulus value
are sufficient.

This paper investigates whether creep (e.g., continuous strain deformation over time when un-
der constant loading) should be considered or not when estimating deflection of buried HDPE
pipe. Data from historic deflection study papers of buried solid wall and corrugated HDPE pipe
are reviewed and compared to deflection estimates using the US Bureau of Reclamation Equa-
tion with and without creep considered.
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HOW CHINA'S PLASTIC PIPE INDUSTRY IS
PREPARING TO BE SUSTAINABLE

Wang Zhanjie — China Plastics Piping Association (CPPA),

China Plastics Processing Industry Association (CPPIA), Beijing, China
E-mail: wang006006@126.com

Jing Guo - China Plastics Piping Association (CPPA), Beijing, China
Lin Wang - China Plastics Piping Association (CPPA), Beijing, China

In recent years, many countries have formulated a series of environmental protection policies
and green sustainable development goals. The United Nations is also working on ending plastic
pollution (including marine environmental pollution), and INC-5-1 will be held in 2025. These
new situations have had a great impact on the application and development of plastic products.

How the plastic pipe industry can better adapt to the requirements of relevant environmental
protection policies and promote the healthy development of the industry from upstream raw
and auxiliary material supply, pipe production to market application, and post-waste disposal is
a topic we need to focus on. Since 2022, CPPIA has issued the "Outline for Green Development
of China'’s Plastics Industry” to contribute to the realization of carbon peak and carbon neutrality
goals. Jointly promote new technologies and methods for the treatment of recyclable, recy-
clable and degradable waste plastic pollution with upstream and downstream of the industrial
chain, advocate green design, add material and recyclability regulations to the product standard
logo, promote the full life cycle assessment management of plastic pollution and the coordi-
nated governance of all links in the whole chain, and promote the green ecological cycle and
sustainable development of the entire plastic industry chain.
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PRESSURE TESTING OF A LONG SECTIONS OF
LARGE DIAMETER PE PIPELINE

Andrzej Roszkowski — KMR s.c., Opalenica, Poland
E-mail: a.roszkowski@op.pl
Marek Gawel - Compremum S.A., Poznan, Poland

The political and economic situation in Central and Eastern Europe forces the diversification of en-
ergy fuel supply directions and the increase of their storage capacity. Underground storage facilities
for natural gas, crude oil or liquid fuels are one of the possible solutions. In Poland, post-exploitation
brine production caverns are used as storage facilities for crude oil and liquid fuels. Proper opera-
tion of such tanks requires appropriate infrastructure enabling both filling and emptying. During the
emptying of the underground tank, brine is fed to the lower part of its interior, which pushes the oil
or fuel into the appropriate transmission pipelines. As part of the investment, a pipeline was built of
PE100 2630x57.2 mm pipes and a total length of 43,439 meters for transmitting brine under pres-
sure of up to 16 bar. The choice of polyethylene as the material for the construction of the pipeline
was made on the basis of its high chemical resistance and ease of assembly.

The paper presents experiences related to pressure testing of the build pipeline. Due to techni-
cal, terrain and time conditions, it was decided to test relatively long sections. The longest was
11,100 meters long. The method of air venting of the pipeline proved to be very effective. Testing
such long sections was associated with various problems.

Direction changes were made along the pipeline route using segmented bends. In order to pre-

vent the creep of polyethylene in places of stress concentration, concrete bands with dispersed
reinforcement were used on site. These bands also function as thrust blocks.
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STANDARDS DEVELOPMENT CONTINUES
SUPPORT OF POLYPROPYLENE PIPE MARKET
IN NORTH AMERICA

Steven Sandstrum - Borealis Compounds, Inc., Port Murray, United States of America
E-mail: steven.sandstrum@borealisgroup.com
Lance MacNevin - Plastic Pipe Institute (PPI), Irving, United States of America

The market for polypropylene (PP) pressure pipe continues to grow in North America. While still
a relatively small market in North America, systems designers and engineers are finding that the
higher temperature capability or mechanical properties of PP piping systems are opening a new
and broad range of applications for thermoplastic pipe in plumbing and mechanical applications
including hydronic heating/cooling and chilled water piping.

As the market for PP pipe and fittings has grown, so too has the importance of standardization in
support of these piping systems. Introduced in 2004, ASTM F2389 has quickly become the ASTM
standard specification of reference for PP piping products in NA. ASTM F2389 is referenced in US
and Canadian model plumbing and mechanical codes, showing that compliant PP piping systems
are approved for the covered applications. More recently, an industry initiative has been focused
on the development of an ASTM standard practice for heat fusion joining of PP pipe and fittings,
and this effort was successful, resulting in the publication of the new document in late 2024.

This paper will provide an overview of the recently published ASTM F3722, “Standard Practice
for Heat Fusion Joining of Polypropylene (PP) Pipe and Fittings”. This discussion will focus on
the four basic heat fusion procedures addressed within this new standard; socket fusion, butt
fusion, sidewall fusion and electrofusion. Our discussion will also review the development of
the standard using both the task group procedure of the Plastics Pipe Institute (PPI) and the
consensus standard process of ASTM International (ASTM). Further, this paper shall provide an
understanding of the similarities and differences between the new ASTM F3722 and DVS Tech-
nical Code 2207-11. From this paper, the reader will gather a comprehensive understanding of
another foundational building block for PP piping systems in North America.
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THE NEW EU CONSTRUCTION PRODUCTS
REGULATION (CPR) - WHAT IT WILL ENTAIL
FOR PLASTIC PIPES?

Jean-Pierre Taverne - The European Plastic Pipes and Fittings Association (TEPPFA), Brussels, Belgium
E-mail: jean-pierre.taverne@teppfa.eu

In the European Union, construction is subject to the subsidiarity principle: Works regulations (in-
cluding buildings) are under the sole competence of Member States, through their national building
codes while the common market for construction products is solely requlated at European level.

The existing EU Construction Products Regulation (Regulation (EU) 305/2011) has been recently up-
dated by Regulation (EU) 2024/3110 of the European Parliament and of the Council of 27 November
2024. The regulation, published in the EU Official Journal on 18 December 2024, marks a pivotal
step toward a sustainable, efficient, and harmonised construction industry in Europe. Although the
text will enter into force on 7 January 2025, most provisions will only apply one year later and only
progressively for all construction products, based on a prioritisation under the CPR Acquis Process,
with a maximum transition period until January 2040 for the new CPR 2024 provisions to apply.

The EU Commission is working on a 1st CPR Working Programme (2026-2028) which will in-
corporate the list of construction product families for which harmonized technical specifica-
tions (hENs or EADs) will have to be developed in priority, based on Standardisation Requests
either through the CPR Acquis “normal” route or through the “Fast-track” one.

According to the CPR Acquis Process, the main standardization Mandate for pipes (plastic, con-
crete, ...) M131 has been prioritised by EU Member States as #31 out of 34 product families.
Hence the system of voluntary EN & EN ISO standards for plastic pipes is still valid: plastic pip-
ing systems can still be specified, sold & used under existing approvals to recognised product
standards in all EU Member States. The new provisions of the CPR 2024, including CE marking,
will only apply to plastic pipes and pipes made of competing materials covered under the same
Mandate, when harmonised technical specifications will be developed and cited in the OJEU (in
an expected timeframe of about 7-10 years).

The paper will present the main novelties of CPR 2024 and what this will entail for plastic pipes
when the CPR 2024 will be applicable to our product families. The CPR 2024 will be applicable
to all construction products under its scope but does not cover hygienic requirements that are
regulated under the EU Drinking Water Directive.
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UPDATED POLYETHYLENE PRODUCT
STANDARDS DOING THEIR PART FOR
A SUSTAINABLE FUTURE

Ernst van der Stok — Kiwa Technology, Apeldoorn, The Netherlands
E-mail; ernst.van.der.stok@kiwa.com
Marco Mekes - Kiwa Technology, Apeldoorn, The Netherlands

This paper discusses the latest changes and improvements to the international and European
product standards for polyethylene (PE) piping systems for gas and water supply. The updates
affect four series of product standards that are relatively similar for PE piping systems:

e EN 1555 (European standards series for PE for gas supply)

e EN 12201 (European standards series for PE for water supply)

e |SO 4427 (International standards series for PE for water supply)

» |ISO 4437 (International standards series for PE for gas supply)
The standards are updated in more or less three steps. First, PE100-RC was added, then the
assessment of conformity has been revised or is in preparation, and finally hydrogen gas and
disinfectants will be included in the standards.

One of the first steps was to include PE 100-RC in almost all standards. The main technical ad-
vantage of this material is that it is even more resistant to slow crack growth (SCG), making it a
good choice for trenchless techniques.

Standardisation of PE 100-RC was a long wish from the industry, as the first types of PE 100-RC
already entered the market in 2001. Experts agreed on a comprehensive set of test methods, in-
cluding the strain hardening test (SHT), the cyclic cracked round bar test (CRB), the accelerated
full notch creep test (AFNCT) and the accelerated notched pipe test (ANPT).

Following the inclusion of PE 100-RC, a balanced agreement on the Assessment of Conformity
(AoC) has been reached in Europe. The AoC ensures the required high quality of the compounds
and products, but also limits the test load on the industry. Internationally, an AoC document is
being prepared for ISO 4437 that will provide global guidance on type testing (TT), batch release
testing (BRT), process verification testing (PVT) and audit testing (AT).

At present, the product standards for gas and water supply are being revised again to respond
to two other important requests from the market: hydrogen gas for the standards for gas supply
and disinfectants for the standards for water supply.

The gas standardisation working group has prepared an annex to provide more information on
the suitability of PE pipe systems for 100% hydrogen and its mixtures with natural gas. It shows
that approved PE gas pipes are fully resistant to hydrogen gas.

The product standards for water supply will receive an informative annex on secondary disinfec-
tion to guide users on the effect of disinfectants on polyethylene pressure pipes.
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ANALYSIS OF NARROW TRENCH IMPACTS ON
POLYETHYLENE PIPELINES

Joseph Babcanec — Advanced Drainage Systems, Inc., Hilliard, United States of America
E-mail: joe.babcanec@adspipe.com
Shawn Coombs — Advanced Drainage Systems, Inc., York, United States of America

In the construction industry, it is common practice to adhere strictly to published minimum
trench widthsl without consideration for the option and potential advantages of narrower
trench dimensions. This paper aims to illustrate the design parameters and benefits of installing
pipelines in narrower trenches. It addresses key design considerations including reduced dead-
loads on pipes through optimized trench widthl, the use of resilient soil modulus options for
backfill materials, and effective methods for backfill placement. Installing pipelines in narrow
trenches can be particularly advantageous in scenarios involving utility conflicts, high backfill
costs, accelerated construction, and the minimization of haul-off operations.

To assist individuals considering the design and installation of pipelines in narrow trenches, this
paper reviews the historical context of trench width, identifies circumstances in which narrow
trenches should be utilized, provides methodologies for calculating the combined soil modulus
(Msn/Msb)3, discusses suitable materials for narrow trench applications, and outlines techniques
for backfill placement. Additionally, the paper will examine existing standards that specify mini-
mum trench widths and offer recommendations for improving these standards.
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ADVANCING CLIMATE EFFICIENCY IN PIPELINE
RENOVATION WITH NO-DIG TECHNOLOGY

Tobias Johnsen — PVC4Pipes, Brussels, Belgium
E-mail: @pvc.dk
Claes Wiger — A-Plast, Alghult, Sweden

The renewal of aging pipeline networks is essential to maintaining reliable infrastructure. Tradi-
tional methods of pipeline replacement, which require extensive excavation, are resource-in-
tensive and environmentally disruptive. These approaches generate significant carbon emis-
sions and cause widespread surface disruption in both urban and natural landscapes. No-dig, or
trenchless, technologies present a more sustainable alternative by enabling pipeline renovation
with minimal excavation. This method reduces greenhouse gas emissions, preserves ecosys-
tems, and minimizes disturbances in urban environments.

Building on decades of success with PVC as a durable, cost-efficient, and recyclable material, a
key advancement in pipeline renovation is the introduction of bio-attributed PVC liners. These
liners retain all the core benefits of PVC while significantly reducing reliance on fossil feedstocks
and minimizing their climate impact. Furthermore, they meet the styrene-free requirements
increasingly adopted by municipalities, offering a safer option for workers, nearby residents, and
the environment. With their high abrasion resistance, PVC liners minimize particle release into
the environment, ensuring long service life and reliability.

U-shaped PVC relining pipes are compact for transport and regain their original form during
installation using steam, creating a precise fit within existing pipelines. The production process
minimizes waste, as offcuts from installation are recyclable, and used liners can be removed and
recycled at the end of their lifecycle.

Official approvals and assessments of the bio-attributed PVC solution are underway. It has al-
ready been officially approved in Denmark under the inspection scheme for pipeline renovation,
demonstrating its compliance with stringent regulatory and environmental standards. In Swe-
den, it has received the highest rating in Byggvarubeddmningen, following a comprehensive
lifecycle assessment. Additionally, several projects in the Nordics have showcased its practical
success in real-world applications.

This method exemplifies a modern approach to infrastructure renewal, reducing the environ-
mental impact of pipeline renovation and supporting circular material use. Ongoing evaluations
will further highlight its contribution to improving infrastructure efficiency and environmental
responsibility.
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INNOVATIVE APPROACH TO MEASURE LAYER
TRANSITIONS OF CORRUGATED PIPES

Christian Schalich — SIKORA AG, Bremen, Germany
E-mail: christian.scalich@sikora.net

Dr. Sebastian Schmale - SIKORA AG, Bremen, Germany
Katja Giersch — SIKORA AG, Bremen, Germany
Rebecca Zachau - SIKORA AG, Bremen, Germany

Currently, there is no suitable equipment available to measure important parameters during
corrugated pipe production. Manufacturers are limited in their ability to save scrap and increase
quality. There are two crucial phases during the production of corrugated pipes. In the begin-
ning of manufacturing, it must be ensured that the different layers of the pipes are concentric.
This evaluation can take several minutes, even hours, where only scrap is produced. After the
startup phase, the products must be evaluated in order to comply with predefined specifications
at a certain line speed. In both cases, the measurement of corrugated pipes is an ambitious task,
because of the outer pipe contour.

For corrugated pipe manufacturing, an innovative approach to quality control by using pene-
trative recording systems in order to measure the transitions of the individual layers of the pipe
has been developed. Based on the detected layer transitions using an Al-model relevant radii,
layer thicknesses and center positions of corrugated pipes can be determined. Therefore, this
approach provides a desired solution for the plastics market to support pipe manufacturers to
produce high-quality products with most efficiency.

In this paper, the innovative technological approach how to measure corrugated pipes by out-
lining the functional principle and giving real measuring examples is introduced.
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ADVANCED RECYCLING OPTIONS FOR LEGACY
ADDITIVES-CONTAINING PVC PIPE WASTE

Vincent W. Stone - VinylPlus, Brussels, Belgium
E-mail: vincent.stone@vinylplus.eu
Zdenek Hruska - ZH Consult, Paris, France

PVC pipe compounds can be mechanically recycled several times without any significant loss
of its key mechanical properties. While mechanical recycling should be the preferred option for
economic and environmental impact reasons, some provisions of the new Lead in PVC Reach
restriction (closed loop recycling, lead concentration in article <0.1%) will set constraints on the
mechanical recycling of lead-containing PVC pipe waste in the next decade.

This presentation will review advanced recycling processes developed by the European PVC
industry that should help the European PVC pipe manufacturers to meet their recycling com-
mitments, despite new regulatory constraints appearing on legacy additives such as lead.

Four advanced recycling technologies that have the most promising advantages for processing
PVC pipe waste with legacy additives such as lead, will be discussed: chlorine recovery in waste
to energy plants, selective dissolution, pyrolysis and gasification:

e Thermal decomposition of PVC waste in modern waste-to-energy plants allows to recover
chlorine for reuse. Processes have been developed to convert the chlorine part of PVC waste
into new chemicals. These processes are aligned with the definitions of recycling provided in
the Waste Framework Directive and ISO472.

» Selective dissolution offers the possibility to recover an additive-free PVC resin without breaking
the chemical structure. The additives are selectively extracted in solvents or supercritical CO,,.

e Pyrolysis converts the PVC waste, potentially together with other mixed plastics, into a naph-
tha-like feedstock that can be re-processed in steam crackers into ethylene.

» Gasification has the highest flexibility in terms of PVC waste composition and converts PVC
waste into syngas from which ethylene and/or other valuable products can be manufactured.

Pyrolysis and gasification can both be operated to also recover and recycle chlorine into valua-
ble chlorinated feedstocks (e.g. HCI).

All technologies have the potential to be highly efficient means to reduce the environmental
impact of legacy-additive containing PVC waste and ensure PVC circularity.
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30 YEARS OF DOUBLE WALL CORRUGATED PVC
PIPING SYSTEM FOR SEWAGE APPLICATIONS

Pablo Peinado — Molecor Technologia S.L., Loeches, Spain
E-mail: pablo.peinado@molecor.com

Sewer pipelines and sewage treatment plants were a key revolution considering the deep im-
pact they had in human society. On one hand wastewater could be conveyed away from pop-
ulated areas, with the deep improvement in health, and on the other hand that effluent could
be properly treated and, as a result, drastically reduce environmental impacts. Traditionally, only
rigid materials had been used for these pipelines, so the innovation and technical development
in much lighter plastic materials, mainly PVC, resulted in very important improvements not only
in the longer lifetime of sewage installation because of much better chemical resistance, lack
of corrosion, behavior to abrasion and flexibility, but also in higher hydraulic capacity and much
better watertightness.

Specific circumferential stiffness is the key factor in the design of a buried pipeline for a non-pres-
sure application for sewage, especially in long-term behavior. The challenge was to be able to
achieve a competitive high stiffness plastic pipe, due to lower elasticity modulus compared to rigid
materials. So, in the earlies nineties of the last century, an engineering process based on a double
wall PVC pipe was developed, with a smooth inside surface and corrugated outside one, which
increases the moment of inertia and therefore stiffness, but keeps the total raw material consump-
tion, and so pipes weight, at a very competitive value. What is more, due to the low creep of PVC
E-modulus compared to other materials, long-term high stiffness also remains. This property,
along with a carefully designed sealing system which prevents any leakage, enables a maximum
hydraulic capacity with a high inside diameter and smoothness, resulting in low power consump-
tion and lower CO, emissions in the total cycle of life, resulting in a life expectancy over 50 years.

The wide diameter range of corrugated PVC pipes is complemented by a large range of fittings
and watertight manholes which are easily installed on site with elastomeric seals that can be
adapted for different applications, such us siphon waste boxes and grease separators, among
others.

All these properties are part of the double wall corrugated PVC pipeline in a complete system for
sewage applications. This paper reviews more than 55,000 kilometers of installed double wall
corrugated PVC pipelines and the work is applicable to other materials. A case study will also
be discussed that examines the evolution of double walled corrugated pipes and explains the
main characteristics and field applications of the whole system, including design and technical
development.
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A SOLUTION FOR PVC PIPE WASTE
LEGACY ADDITIVES

Eric Romers — INEOS Inovyn, Jemeppe-sur-Sambre, Belgium
E-mail: eric.romers@ineos.com

At INEOS Inovyn, our mission is to make all PVC waste fully recyclable, with the ambitious target
of having our first industrial unit operational by 2030. To advance this goal, we have launched
two pilot plants in Jemeppe-sur-Sambre, Belgium, home to our main R&D center.

These pilot plants build on the industrial experience gained from Vinyloop™ technology, which
was in use in Ferrara (I) from 2002 to 2018, and are specifically designed to enhance PVC disso-
lution technology. Extraction of the legacy stabilisers present in pipes is part of the development
and testing on the pilot plants showing REACH compliance. This technology Vinyloop™-D,
based on Vinyloop™ experience (2002-2018), is pivotal for recycling complex PVC waste, in-
cluding composites and the ones containing legacy additives. The goal is to have an industrial
unit with this technology ready by 2030, advancing sustainable PVC recycling.

In parallel, INEOS Inovyn is advancing a 2-step pyrolysis and gasification technology aimed at
chlorine recovery, along with valorizing the carbon content and extracted additives. This process
converts recovered chlorine into hydrochloric acid (HCl) and the carbon into ethylene, both of
which are recycled through the Oxychlorination process to produce recycled PVC (rPVC) effi-
ciently. This innovative approach not only maximizes resource recovery but also strengthens the
company’'s commitment to sustainable PVC production and recycling.
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BEYOND HOOP: AXISYMMETRIC STRESS IN PVC
PRESSURE PIPE JOINTS

Guido Quesada - HULTEC, Santa Ana, Costa Rica
E-mail: gquesada@hultec.com

Hoop stress, defined as the force over area exerted circumferentially on a cylinder wall, and es-
timated by thin wall theory, is the fundamental approach to relate pressure pipe diameter, wall
thickness, fluid pressure and stress. Standards relevant to PVC pressure pipe combine this theory
with definitions such as design coefficient, minimum required strength, design stress and dimen-
sion ratio to establish wall thickness for every pipe size and various preferred nominal pressures.

While this approach is adequate for straight pipe, it doesn’t show the complete picture at a pipe
joint. The profile of a socket has changes in direction to make room for the gasket. This devia-
tion from the shape of a cylinder introduces longitudinal and bending stresses on the axisym-
metric plane, as well as a different distribution and level of hoop stress.

If the joint is internally restrained, there are structural elements inside the socket that prevent the
spigot from pulling out, and those stresses become greater. Thus, while long-term stress crack
resistance of straight pipe is often not a concern, it becomes relevant in a restrained joint. This
requires special analysis and design considerations to ensure structural integrity of the joint and
that it remains more cost-effective than external restraints or thrust blocks.

This paper reviews these axisymmetric stresses in commonly used restrained and un-restrained pipe
joints, as well as equivalent representations of the joint without them. While the analysis of joints with
gaskets and restraining elements requires nonlinear Finite Element Analysis, a linear approximation
is still useful for pipe stress purposes and can be performed with FEA available with most CAD soft-
ware. Optimization of socket shapes to minimize their stress and resulting accessories required to
make them work properly are also covered. This work is applicable to other pipe materials.

Stress at the joint is not fully axisymmetric. The socket, the spigot and the gasket must interact
structurally to hold the gasket inside the joint under pressure. When gaskets are blown out of a
joint, this doesn’t happen evenly. Usually, only part of the gasket is blown out and this is enough
for the joint to fail. Furthermore, there may be angular and lateral deflection loads, as well as
restraining elements, usually discontinuous around the circumference, which also contribute to
non-axisymmetric stress distributions.

Three-dimensional stress distributions such as those described above are discussed briefly, and
remain beyond the main scope of this paper. This topic would need to be covered in a separate
paper. However, the axisymmetric approach is shown to be very illustrative to convey the im-
portance of going beyond hoop stress, and useful for design purposes.
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OPTIONS FOR DEFOSSILATION OF PEX RESINS
AND RECYCLING SOLUTIONS FOR
INTERIOR PIPING

Holger Bruening — Basell Polyolefine GmbH - LyondellBasell, Frankfurt am Main, Germany
E-mail: holger.bruening@lyb.com

PEX pipes are widely used inside buildings and contribute to well-being and energy efficiency
when used for applications such as wall or floor heating in combination with heat pumps. Such
systems powered by green electricity can contribute significantly to the decarbonization of
thermal energy consumption in buildings. Besides the positive environmental impact during op-
eration, increased focus is now being placed on the entire life cycle carbon footprint of the pipe
systems themselves. Itis unlikely that pressure pipes, such as those produced using PEX raw ma-
terials, could be manufactured from mechanically recycled materials. An alternative approach to
significantly reduce the carbon footprint of PEX raw materials is to make use of bio-feedstocks
in the production of polyethylene on a mass balance basis. Biofeedstocks are available in sig-
nificant commercial volumes, whilst feedstocks derived from chemical recycling are currently
available in limited amounts, but with more plants coming on stream in the medium term [1].
The first interior PE pipe systems were installed over 50 years ago and increasing amounts of
materials will be reaching the end of their life in the years to come. A pyrolysis process has been
developed which is in line with the requirements and can be integrated in our typical petro-
chemical processes for producing polyolefins. A catalyst system has successfully been tested for
the efficient depolymerization of plastic waste, including PEX and multilayer pipes. The resulting
product is a liquid that can be used as a feedstock for crackers that produce ethylene. Closed
loop recycling and the defossilization of the production process can be demonstrated if this
ethylene is used to produce PEX raw materials. This paper will provide insights into the screening
trials undertaken on PEX mono and multilayer pipe scrap using pilot systems, together with the
first ton scale PE-X volume process in a medium scale chemical recycling plant.
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DESIGN METHOD FOR CALCULATING LOAD
REDUCTION WHEN USING PLASTIC INSTEAD
OF CONCRETE PIPES

Jan Vaslestad — GeoAnlegg AS, Askim, Norway
E-mail: jan.vaslestad@gmail.com

Bard Moen - Pipelife Norge AS, Surnadal, Norway
Jorgen Dyver - Pipelife Norge AS, Surnadal, Norway

Several design methods exist for designing plastic pipes, summarized in “Transportation Re-
search Circular,” E-C230 (2018). A maximum 7 m height of cover for HDPE and PP pipes with
diameters up to 1,5 m is recommended by Babcanek and Currence (2021). This is based on the
"Handbook for Corrugated Polyolefin Pipe,” Plastics Pipe Institute (2020).

The Nordic Plastic Pipe Group has published a simplified design method for plastic pipes with up
to 10 m height of cover in "Plastic pipes design and construction,” NPG Norge (2021), but there
is a need for a method that can be used for plastic pipes below high fill.

As shown in “Load reduction on rigid culverts beneath high fills - long term behaviour,” Vaslestad
et.al (1993), EPS Geofoam (expanded polystyrene) can be used as the compressible material in
load reduction installations on rigid pipes. Instrumented field tests conducted in the study, “Load
Reduction On Buried Rigid Culverts, Instrumented Case Histories and Numerical Modelling,”
Vaslestad and Sayd (2018), have documented the load reduction (arching) on rigid pipes.

Laboratory scale tests and numerical analyses as demonstrated in “Laboratory Scale Tests of Ex-
panded Polystyrene and High-Density Polyethylene Pipe Induced Trench Conduits,” Jafary and
Arellano (2018) have shown that this method can also be used on plastic pipes.

The reduction in vertical stress (arching) on the plastic pipes is shown to be reduced by up to
70 %, and this reduction is verified by long term instrumented full scale tests on rigid pipes,
Vaslestad and Sayd (2018).

By using plastic pipes instead of concrete pipes below high fills up to 40—50 m using this meth-

od, the carbon footprint can be greatly reduced, and a design method for calculating the amount
of load reduction will be shown in the paper.
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HIGHER QUALITY RECYCLATES FOR PIPE
APPLICATIONS BY IMPROVED MECHANICAL
RECYCLING

Jutta Geier — Polymer Competence Center Leoben GmbH, Leoben, Austria,
Montanuniversitaet Leoben, Leoben, Austria

E-mail: jutta.geier@pccl.at

Marton Bredacs — Polymer Competence Center Leoben GmbH, Leoben, Austria
Mario Messiha — Polymer Competence Center Leoben GmbH, Leoben, Austria
Gernot Oreski — Polymer Competence Center Leoben GmbH, Leoben, Austria,
Montanuniversitaet Leoben, Leoben, Austria

The plastics industry, including the pipe industry, is faced with the challenge of using recyclates
in new products while maintaining the same quality [1]. Common problems with recycled plas-
tics include contamination and degradation, which can reduce performance and long-term
stability [2]. However, even if these issues are tackled, the mixing of different grades of the same
polymer also poses problems. When different grades are mixed, the tailored properties of the
individual grades are lost and the recyclates can usually only be used in less demanding appli-
cations or added in small quantities to virgin materials. However, to be used in more demanding
applications, such as pipe applications, recyclates must fulfil specific requirements [3].

The aim of this work is to improve the quality of polypropylene (PP) recyclates so that they can be
used in a wider range of applications and in higher amounts. Common problems with PP recy-
clates are the low viscosity (i.e., high MFR) and the loss of the tailored properties of PP homopol-
ymers, block- and random copolymers, i.e., high stiffness and high impact strength, respectively
[4]. The state-of-the-art method for sorting plastics are near infrared (NIR) sorting lines. These
currently do not distinguish between different PP types and grades. In this work, data from NIR
sensors from industrial sorting lines are used to build new sorting models to investigate the possi-
bility of separating PP waste by grade. The goal is to be able to produce recyclates with lower MFR
values and to separate between the different PP types (homopolymer, block- and random copol-
ymer). The classification with the newly developed models showed promising results. Separation
of PP waste into the different types and grades would be an important step towards higher quality
PP recyclates that can be used in greater quantities in plastic pipes.
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A NOVEL ELECTROFUSION WELDING
TECHNIQUE FOR LARGE DIAMETER PRESSURE
CLASS PE PIPELINES: MECHANICAL
ASSESSMENT AND CASE STUDY

El Mehdi Tamasna — Star Engineering systems, Wesel, Germany
E-mail: emt@starengineering.systems
Rameiss Paker — \WWeco Polymer Fusion Australia, Melbourne, Australia

This paper aims to introduce a groundbreaking method for welding PE pipes, featuring an in-
novative incorporation of electrofusion wire directly on the pipe wall. The focus of this paper
is twofold, it assesses the mechanical reliability of these new joints and presents the potential
of this technique through a comparative case study. We showcase the potential advantages of
this welding solution on a 37KM (1200mm Pipes SDR 17) pipeline project executed in Malaysia,
in which both the conventional PE pipes jointing methods were used: electrofusion and butt
fusion, versus the use of such novelty.

Our approach included structural integrity tests, joint strain tests, and long-term creep behavior
under varying conditions, benchmarked against traditional techniques. The meticulous proce-
dures ensured a thorough understanding of the proposed method’s feasibility and effectiveness.
the Pengerang Johor project executed in Malaysia has served as an example for our cost bench-
mark study. The ecological component being of equal importance, a qualitative assessment of
the solution’s carbon foot print is presented as well.

Mechanical testing revealed promising results. Demonstrating the robustness and efficacy of the
electrofusion wire-incorporated connection. Strain tests showed the technique’s suitability for
relining projects, maintaining 82% of maximum pipe pulling force under traction. Pressure tests
confirmed its reliability for full-pressure applications. The pipe end profile geometry enabled
stress-free onsite welding with minimal human influence. The case study demonstrated eco-
nomic benefits, including reduced installation time, labor, and logistics costs.

In conclusion, this innovative technique presents a viable solution for enhancing pipeline con-
struction efficiency, particularly in projects requiring large diameters.

This paper presents novel insights into pipeline construction by introducing a pioneering ap-
proach to PE pipe connections. Incorporating electrofusion wire represents a paradigm shift in
the industry, offering enhanced reliability, efficiency, and cost-effectiveness. The findings con-
tribute significantly to advancing the state of knowledge in infrastructure, providing a valuable
addition to literature and practices.
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VALIDATION OF END-USE APPLICATION
CONDITIONS FOR HDPE CONDUIT
WITH RECYCLATE

Patrick Vibien - Plastics Pipe Institute (PPI), Irving, United States of America
E-mail: pvibien@plasticpipe.org
Christian Herrild — Teel Plastics Inc., Baraboo, United States of America

This paper builds upon previous research presented at the 21st Plastic Pipes Conference, which
investigated the incorporation of recycled High-Density Polyethylene (HDPE) into conduit appli-
cations for power and telecommunications. The concern is the increased risk of failure with the
inclusion of recyclate during storage, installation and service. The focus of this study is to verify
and validate the underlying assumptions regarding the critical operating conditions identified in
the earlier work. Specifically, this paper examines the thermal and stress history during storage,
including the effects of solar heating and stress relaxation, as well as the thermal and mechanical
stresses in end use applications of conduit in telecommunications and power conveyance.

The research involves a comprehensive analysis of the thermal and mechanical stresses experi-
enced by HDPE conduit and the implications for conduit with recyclate. The study includes de-
tailed evaluations of the effects of solar heating on stored conduit, the impact of stress relaxation
over time, and the mechanical deflection experienced during installation and service. Additionally,
the heating effects of power cables housed within the conduit are analyzed to understand their
contribution to the overall stress profile during the life of the installation. Current requirements of
high temperature performance of conduit are examined.

The findings from this study are used to recommend reasonable service condition assumptions
for power and telecommunications applications. These recommendations aim to establish mini-
mum Un-Notched Constant Ligament Stress (UCLS) values for conduit manufactured with recy-
cled materials for inclusion in product standards, ensuring long-term performance and reliability.
The results provide valuable insights for the industry, supporting the broader adoption of recycled
materials in HDPE conduit applications while maintaining stringent performance standards.
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EVALUATION OF THE HYDRO-AXIAL STRESS
RUPTURE (HASR) TEST FOR PE100 BUTT
FUSION JOINTS

Suleyman Deveci — Borouge Pte. Ltd., Abu Dhabi, United Arab Emirates
E-mail: suleyman.deveci@borouge.com

Fatima AlHameli — Borouge Pte. Ltd., Abu Dhabi, United Arab Emirates
Sulistiyanto Nugroho - Borouge Pte. Ltd., Abu Dhabi, United Arab Emirates
Birkan Eryigit — Borouge Pte. Ltd., Abu Dhabi, United Arab Emirates

The hydro-axial stress rupture (HASR) test method evaluates the uniaxial creep strength of butt
fusion joints by applying hydrostatic pressure at a specified temperature. A new work item pro-
posal for the standardization of this test method, ISO/NP 19251-2:2024, has been accepted for
further development and standardization under ISO TC 138/SC5/WG17.

In contrast to traditional mechanical tests that subject only a small portion of the weld area to
axial or bending loads, the HASR method utilizes the entire weld area. This approach captures
potential welding defects across the whole weld. The testing assembly restricts hoop stress, al-
lowing the butt fusion joint to elongate mainly in the axial direction, thereby ensuring that failure
occurs precisely at the weld area.

In the current study, the effectiveness of this test method was assessed for PE100 pipes with
OD110 mm, monolayer and multilayer pipes. The evaluation incorporated intentionally added
welding flaws, including recycled materials in monolayer and multilayer pipe structures. The
findings offer valuable insights into the reliability and efficacy of the HASR method in assessing
welding performance in plastic pipe assemblies. Furthermore, it elaborates on how this test
method can be utilized for weld qualification and its potential benefits for researchers develop-
ing new welding procedures.
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CARBON BLACKS IN PRESSURE PIPES -
A SUCCESSFUL HISTORY WITH A SUSTAINABLE
FUTURE

Marc Delvaux — CABOT Corporation, Liege, Belgium
E-mail: marc.delvaux@cabotcorp.com
Dominique Strassler - CABOT Corporation, Liege, Belgium

For over half a century, carbon black (CB) has been an important ingredient of HDPE formulations
for pressure pipe applications, ensuring UV protection of the polymer during outdoor exposure.
CB particle size and addition rates are regulated under the ASTM and ISO systems — but not in the
same way. This study provides a technical exploration of the different particle sizes used in pres-
sure pipe applications — not to determine a winner, but to highlight the merits of either approach.

The paper will start with a brief history of the development of carbon black and its manufacturing
processes, followed by a deep investigation into the influence of carbon black morphology on
pressure pipe performance. CB effectiveness in protecting polymer against UV-induced degra-
dation is closely linked to particle size. Smaller particles (<25 nm) offer increased UV absorption
due to a higher available surface area, crucial for maintaining polymer integrity and preventing
premature failure.

Additionally, plastics and their use in many applications have gained public attention with an in-
creased focus on sustainability. This analysis dives into case studies and approaches for enhancing
the sustainability of pressure pipe products through carbon black. Traditional furnace carbon blacks
already contribute to sustainability by value-adding petrochemical waste streams into key compo-
nents for durable systems—such as plastic pipes and fittings with lifespans exceeding 50 years.

This study examines strategies to reduce the carbon footprint by incorporating reclaimed carbon black
(rCB) from end-of-life tires into pressure pipe formulations, comparing its performance with conven-
tional P-type carbon black and blended formulations in polyethylene (PE) samples exposed to UV
weathering. Weathering testing on 140 um PE samples revealed that P-type carbon black significantly
outperformed rCB in retaining tensile elongation at break after 500 hours of UV exposure, with reten-
tion levels of 123%. This suggests robust UV stability for P-type carbon black. Conversely, rCB retained
only 33.2% of its tensile elongation, indicating a reduction of over 50% and potential challenges in UV
resistance. These findings highlight the trade-offs between sustainability and performance, suggesting
that while rCB is a promising sustainable alternative, additional modifications may be necessary to
meet the UV durability of traditional carbon blacks in high-demand applications.

The analysis concludes with recommendations for effectively incorporating reclaimed carbon and
other sustainable solutions in plastic pipe applications to enhance sustainability.
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INTERNATIONAL ROUND ROBIN EVALUATION
OF NON-DESTRUCTIVE TEST METHODS FOR
POLYETHYLENE BUTT FUSION JOINTS

Suleyman Deveci- Borouge Pte. Ltd., Abu Dhabi, United Arab Emirates
E-mail: suleyman.deveci@borouge.com

Joerg Wermelinger — Georg Fischer AG, Schaffhausen, Switzerland
Sunwoong Choi — Hannam University, Daejeon, South Korea

In supporting the ISO standardization activities on non-destructive testing of butt fusion joints in
ISO/TC 138/SC 5/WG 17, a worldwide inter-laboratory round robin test on phased array ultrasonic
testing (PAUT), time of flight diffraction ultrasonic testing (TOFD), and microwave imaging (MWI)
was carried out. A single participant with a bead back bend test (BBBT) was also invited. For this,
polyethylene butt fusion joints containing no imperfection, fine particulate contamination, and
cold fusion were created using single low pressure, dual low pressure and single high pressure
jointing procedures according to ISO 21307. The results from non-destructive testing methods
were evaluated against waisted tensile test, strip bend test, high speed tensile impact test, guided
side bend test, and low temperature tensile tests of the same butt fusion joints and analyzed to
establish the detection capabilities of the non-destructive testing methods.

The round robin test have demonstrated that PAUT, TOFD and MWI are effective methods for
non-destructive inspection. The results showed a percentage of detection on planar flaws greater
than 81%, percentage of correct classification on imperfections greater than 83%, percentage of
detection on non-imperfections greater than 87%, and a percentage of false call less than 13%.
MW!I can detect imperfections and planar flaws effectively but cannot measure their radial size.
Also, since BBBT inspects the removed outer bead from the butt fusion joint, planar flaws within
the wall cross-section cannot be determined.

Based on the round robin results, the NDT procedure qualification in ISO/TS 22499 and ISO/TS
24399 for PAUT and TOFD, respectively, was established. The procedure qualification, along with
proper personnel training, was determined to play an essential role in the successful non-destruc-
tive inspection of butt fusion joints.

Finally, it was confirmed that the material inhomogeneities caused by the insufficient mixing of

CBMB can be reliably detected by the NDT methods on PE pipes. Further study is needed to de-
termine their effect on the NDT inspection in fusion joints.
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EVALUATION OF TIGHTNESS TESTING
FOR PE PIPES

Daniel Ejdeholm — GPA Flowsystem AB, Hjarnarp, Sweden

E-mail: de@gpa.se

Magnus Backstrém — Boden Kommun, Boden, Sweden

Fredrik Johansson — Stenungsunds Kommun, Stenungsund, Sweden
Robin Norgren — 3VAAB, Huddinge, Sweden

Pressure testing of pressurized distribution networks for water and wastewater is a very important
method for quality assurance, reducing the risk of costly damages and disruptions and securing
long-term functionality. For plastic pipe material there are many national developed methodolo-
gies and procedure, despite attempts to resolve it on for instance on European level. However, the
used procedures all have in common is that they measure the pipeline’s change in volume as a
function of the viscoelasticity of the material, monitoring either the pressure or added/subtracted
amount of water. The discrepancy between them is time consumption and the test pressure.

The focus in this project, financed by participating companies and the Swedish Water and Wastewa-
ter association, was to investigate the advantages and disadvantages of the methods when it comes
to finding welding defects in welded joints and the easiness of preforming the testing. A literature
review was performed discussing existing European methods for tightness testing. Four methods
(EN805, DVS2210 and two Nordic methods) were selected for comparative studies on similar pipe
system setups with controlled and produced faults such as uncomplete welding or joints.

A key result from the project is that more advanced and complicated methods do not give any
beneficiaries when it comes to identifying defectively executed welded joints. However, results
show that testing procedures need a certain time and pressure to provoke the known errors to
appear. Beside the conducted experiments what type of defects that are detectable in butt-, and
electrofusion joints, statistics were gathered from pressure tests conducted in Sweden in recent
years. Results from nearly a hundred pressure tests conducted according to the national standards
[1] were anonymized and compiled, with a focus on how the current methodology identifies faults
and to investigate if there is any limitation in dimension or length of pipeline.

ID141

WWW.PPXXIIT.COM « WARSAW 2025



\C Plpe

PLAS,

10B = FUSION
Day 3, Wednesday, 11:50-12:10 XXII

IMPROVING ELECTROFUSION (EF) PEEL
DECOHESION WELD TEST INTERPRETATION
THROUGH COLLABORATION AND EDUCATION

Matthew Hynes - Iplex, Sydney, Australia

E-mail: matthew.hynes@iplex.com.au

Cindy Bray — Plastics Industry Pipe Association of Australia Limited (PIPA), Brisbane, Australia
Lucy Croker - Vinidex, Sydney, Australia

Alan Whittle — Alan Whittle Pty Limited, Sydney, Australia

Electrofusion has been used since the 1970s and has grown in popularity. Millions of electrofusion
joints are installed worldwide each year, making it a critical technique for maintaining the integrity
of PE piping systems.

In Australia over 150,000 tons of PE100 pipes are installed annually. The electrofusion process is
used and when executed correctly results in a safe, reliable, and cost-effective means of joining
and connecting to PE piping systems.

Assessment of EF welding reliability commonly requires destructive testing to be undertaken to
evaluate weld integrity by accredited laboratories. This is typically done using the method detailed
in ISO 13954 Plastics pipes and fittings — Peel decohesion test for polyethylene (PE) electrofusion
assemblies of nominal outside diameter greater than or equal to 90 mm. Visual inspection of a frac-
ture surface is required to determine if adequate fusion has been achieved across the weld interface.

Globally it has been recognized there is insufficient guidance on correct evaluation of the different
fracture surfaces. This has sometimes led to misinterpretation of peel decohesion results by
testing laboratories. In Australia, false negative test results reported by some testing laboratories
has led to the condemnation of good welds. This has been a contributing factor in both welding
contractors and water asset owners losing faith in the EF welding process and specifying alter-
native means of jointing.

Revision of ISO 13954 is currently underway and is expected to address some of these concerns.
However, in Australia the industry needed to act with greater urgency because the national accredi-
tation body was concerned that laboratories delivered different results for the same test pieces.

The industry association developed a guideline to assist with the interpretation of the peel decohesion
test. This resulted in the publication of POP020 ‘Principles of polyethylene (PE) electrofusion
welding and assessment’. In addition, a collaborative education programme between the industry
association and national accreditation body was delivered nationally to laboratories accredited for
EF peel decohesion testing.

This paper describes the development and implementation of industry guidance for EF weld
assessment to re-build confidence in electrofusion.
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THE 100-YEAR LIFETIME OF PE100/PE100RC
PIPES — AN INDUSTRY ASSOCIATION'S
PERSPECTIVE

Suleyman Deveci — Borouge Pte. Ltd., Abu Dhabi, United Arab Emirates

E-mail: suleyman.deveci@borouge.com

Norbert Jansen — Borealis Polymere GmbH, Burghausen, Germany

David Chrystie-Lowe — ControlPoint Limited (Ovarro), Chesterfield, United Kingdom

The reliable working lifetime of polyethylene (PE) pipelines is essential for managing long-term
investments in infrastructure for water, natural gas, and hydrogen supply systems, as well as
evaluating their environmental sustainability compared to traditional materials. While design life
is typically 50 years for PESO and PE100 class pipes based on current standards, the actual
service life can be much more than this due to factors such as lower operating pressures and
temperatures, and safety factors applied during the design stage.

The manuscript explains fundamentals of extrapolated lifetime calculations from pressure test
data, the currently accepted standard way of calculating design life, the difference between the
design life and actual service life of PE100 /PE100ORC pressure pipe systems. The paper also dis-
cusses the development of PE100-RC materials, which offer enhanced resistance to slow crack
growth, which significantly extends the lifetime of the PE100 pipe systems.

Furthermore, it critically evaluates findings from field experiences, corporate and academic re-
search from the viewpoint of technical experts from PE100+ Association from a wide range of
geographic locations. It indicates that PE pipelines can achieve a reliable working lifetime ex-
ceeding 100 years, with predictable failure modes such as ductile rupture, slow crack growth, and
oxidation. It emphasizes the importance of understanding these failure modes to ensure effective
long-term predictions. Additionally, it explores alternative methods of implementing a design life
of 100 years in future applications, considering the current and future standardization landscape.
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DATA STRATEGY IS KEY TO THE CIRCULAR
ECONOMY — HOW GRAVIMETRICS,
INLINE-MEASUREMENT SYSTEMS AND DATA
CONTRIBUTE TO SUSTAINABILITY

Markus Hildebrandt — INOEX GmbH, Melle, Germany
E-mail: markus.hildebrandt@inoex.de

Timo Brenningmeyer — iDOO GmbH, Melle, Germany
Michael Kélling — iDOO GmbH, Melle, Germany

Sustainability in plastic pipe production is crucial for minimizing environmental impact. It enhances
resource efficiency, reduces carbon emissions, promotes recycling, and supports long-lasting in-
frastructure, contributing to a more sustainable future. In this context, data strategy plays a central
role in using resources more efficiently, minimizing waste and making value chains sustainable.

Quantifying the positive impact makes it necessary to gather data along the whole value chain,
provide sustainability data such as carbon footprint and make them easily accessible for partners,
customers and authorities. A company can use the following stages to determine its own level of
maturity and define a strategy and measures:

1. Data Generation and Measurement Systems: Collecting data along the entire value chain is the
first step. Gravimetrics and inline measurement systems contribute crucial quality information
and help quantifying the CO2 product footprint.

2. Control Loops for Process Automation: The process information can be used within the same
line to automate production, reduce material consumption and enhance product quality.

3. Data Collection and Aggregation: The next step is to collect and aggregate data in suitable da-
tabases. Here it is important to build robust and flexible data infrastructures, as this is the basis
for the next steps.

4. Data Analysis and Business Intelligence: New optimization potential (e.g. resource and energy
consumption) is possible through analyses that are both cross-location and look at longer pe-
riods of time.

5. Virtual Assistants: Virtual assistants can optimally support the implementation of a circular economy.

6. Outlook Al: Al applications have the potential to boost efficiency and accuracy. From optimizing
recycling processes to predicting product lifespans, Al is helping to take data-based sustainabil -
ity strategies to the next level.

The presentation focusses on how a data strategy can be developed for an extrusion company.
e How is the company'’s current position determined?

e Which quick wins can be realized and how does the implementation work?

» Which questions are important in the individual stages?
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PVC-U PIPES: OPTIMAL EXTRUSION
CONDITIONS FORA 100+ YEAR DESIGN
LIFETIME (PART II)

Joaquin Lahoz Castillo — Centro de Ensayos Innovacion y Servicios, S.L., Mostoles, Spain
E-mail: jlahoz@ceis.es

To generate public data demonstrating that pressure PVC-U pipes can be serviced for 100+ year, an
investigation project has been launched in 2020 by CEIS and PVC4Pipes to clarify the relationships
between the processing and QC testing conditions, and the design lifetime of PVC-U 250 pipes.

Calcium-based stabilized pressure pipes were extruded with different processing temperatures
and characterized by their DSC onset temperature, DSC degree of gelation and resistance to
dichloromethane. Their long-term hydrostatic strength was predicted using the methods de-
scribed in ISO 9080. The main desired outcome of this project was to set up a correlation
between the extrusion temperature and the 97.5% Lower Prediction Level of the stress that a
PVC-U pipe can withstand after 100 years (LPL100y).

The results of this study show that an extrusion temperature of 180 °C is high enough to achieve
a MRS250 classification. A moderate increase (+5 °C or +10 °C) of the extrusion temperature
leads to a smooth decrease in the slope of the regression curve at 20 °C and, therefore, to an
increase of the predicted LPL100y values. Higher processing temperatures (>195 °C) result in
only marginal increases in LPL100y, with clear risk of material degradation during processing.

The increase of LPL100y allows the initial MRS250 classification to be extended up to 100+
years. The resulting benefit for the prescribers and designers of pressurized water supply net-
works is to design their networks for 100+ years by using of design stress and design coefficient
values typically used for a design lifetime of 50 years.

Note: Part | of this work has been presented in Orlando Plastic Pipes Conference.
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THE IMPACT OF COMONOMER ON HIGH
TEMPERATURE PERFORMANCE OF
POLYETHYLENE OF RAISED TEMPERATURE
(PE-RT) RESINS

Alex Stolarz — Dow Europe GmbH, Horgen, Switzerland

E-mail; astolarz@adow.com

Elva Lugo — The Dow Chemical Company, Lake Jackson, United States of America
Todd Hogan — The Dow Chemical Company, Midland, United States of America
Johan Bats — Dow Benelux BV, Terneuzen, The Netherlands

Polyethylene of Raised Temperature (PE-RT) pipes have been used in domestic hot and cold-wa-
ter piping systems for decades. PE-RT resins meet the requirements of ISO 22391, providing
elevated temperature performance without the need for crosslinking. PE-RT offers several ad-
vantages over traditional materials such as copper, iron, and steel, including durability, flexibility,
lightweight, and recyclability [1].

Polyethylene (PE 100) pressure pipe materials are high-density polyethylene resins with a base
resin density ranging from 0.940 g/cm?3to 0.949 g/cm?3. The density of PE materials is commonly
controlled by the introduction of an alpha olefin comonomers such as butene, hexene, or oc-
tene. In PE-RT, hexene and octene are the most common comonomers.

The probability of tie chain formation within the resin is influenced by the amount, type, and
statistical distribution of comonomer. These tie chains improve mechanical performance, such
as tensile strength and elongation, as well as slow crack growth, which can be observed in the
Strain Hardening Test, Cracked Round Bar test, or accelerated Full Notch Creep test [2]. Moreo-
ver, comonomer type affects the regression line, particularly at elevated temperatures.

This work compares resins prepared with similar densities using hexene and octene comono-

mers. The effects of the comonomers on the thermal stability of a pipe, performed at elevated
temperature and pressure and the slow crack growth (SCG) are investigated.
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100 YEARS LIFETIME OF POLYETHYLENE PIPES
— AREVIEW

Gerald Pinter — Montanuniversitat Leoben, Leoben, Austria

E-mail: gerald.pinter@Qunileoben.ac.at

Florian Arbeiter — Montanuniversitat Leoben, Leoben, Austria

Lukas Travni€ek — Montanuniversitat Leoben, Leoben, Austria

Anders Andtbacka - GF Piping Systems, Vasa, Finland

Ludo Debever — The European Plastic Pipes and Fittings Association (TEPPFA), Brussels, Belgium
Peter Sejersen — The European Plastic Pipes and Fittings Association (TEPPFA), Brussels, Belgium

The lifetime of plastic pipes has been a key topic of discussion over recent decades. For pres-
sure applications, international standards typically define a design life of 50 years. In contrast, no
such reference is provided in standards for non-pressure applications. Despite this, it is widely
believed that the standards governing plastic pipes are intentionally conservative, which ensures
safety and reliability under real operating conditions - Thereby, minimizing the risk of premature
failures in both pressure and non-pressure systems. As a result, the actual service life of plas-
tic pipes, in this study focused on polyethylene, may substantially surpass the 50-year design
benchmark. This review study will explore the possibility for lifetimes of polyethylene pipes for
up to, or even beyond, 100 years.

Based on the results of all examined studies and our judgment of the procedures used in those
studies, the following can be concluded. As long as all steps in the process of design, manu-
facturing, trenching, and operating conditions follow currently valid EN and ISO standards for
pipes, fittings and valves and installation of the plastic pipe systems, the actual lifetime of poly-
ethylene pipes can be expected to be well above 100 years.

This contribution is based on a recent meta-study commissioned by TEPPFA (1), which exam-
ined existing literature to explore the possibility of extending the expected service life of plastic
pipes to 100 years or even more.
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LEVERAGING VOLUNTARY DATA TO IMPROVE
THE SAFETY OF GAS DISTRIBUTION SYSTEMS
THROUGH THE PPDC

Randall Knapp - Plastics Pipe Institute (PPI), Irving, United States of America
E-mail: rknapp@plasticpipe.org

The Plastic Piping Data Collection Initiative aims to proactively monitor the performance of
plastic piping systems used in gas distribution networks across the U.S. This initiative, managed
by the Plastic Pipe Database Committee (PPDC), brings together stakeholders from regulatory
agencies, industry groups, and gas operators to address safety concerns, particularly focusing
on identifying trends in failures and improving system integrity.

The PPDC leverages data from voluntary operator submissions to proactively monitor the per-
formance of plastic piping systems used in gas distribution. This data collection initiative ena-
bles the identification of failure trends, attributed causes, and vulnerabilities in both vintage and
modern plastic materials. Through aggregated reports, the PPDC provides insights into installa-
tion errors, material defects, and stress-related issues affecting pipes, fittings, and joints, helping
operators identify risks.

PPDC's data supports regulatory compliance, particularly with Distribution Integrity Manage-
ment Programs (DIMP), and aligns with federal reporting requirements under PHMSA. The data
further informs decision-making, enabling operators to prioritize material replacement and
maintenance strategies. Collaboration with manufacturers ensures continuous improvement
in product design and installation practices, while engagement with operators encourages best
practices across the industry.

Ultimately, the PPDC's initiative strengthens public safety by offering a data-driven framework
for helping operators identifying risks, guiding proactive maintenance, and helping to refine
industry standards. The ongoing collection and analysis of data remain essential in ensuring the
long-term integrity and safety of gas distribution systems.
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A SUSTAINABLE 100 YEAR DESIGN LIFEWITH
HDPE PIPE

Stephen Boros - Pipeline Plastics, Westlake, United States of America
E-mail: sboros@pipe.us

With the challenges of today’'s aging water and wastewater infrastructure in North America it is
more important than ever to utilize limited funding in the most efficient and cost-effective way
to arrive at a long-term sustainable solution. Properly designing these piping systems to fully
utilize key performance properties of each type of material is important to achieving a true 100-
year solution. Couple this with the array of installation options, such as trenchless methods, and
the social disruption and overall carbon footprint can be minimized.

There is no “one” perfect solution for all piping installation and operating conditions. For each
material it is important to understand what failure mechanism(s) are most likely to cause end-of-
life and to design for those to assure that each potential mechanism is mitigated for a minimum
of 100 years or more. While at the same time, it's important to take into account performance
advantages so as to not needlessly over-design the system which increases the cost of the pro-
ject overall. For all piping systems the potential failure mechanisms are similar — pressure, cor-
rosion/oxidation, surge, cyclic fatigue, and effects of concentrated stresses (e.g. SCG for HDPE).
Typically, one of these mechanisms will be the overriding factor causing effective end-of-life of
the system.

This paper will look at how a design life is different than an effective service life. Also, examine
how the key performance properties for HDPE PE4710 compounds being used today evolved
over the years to extend the service life, and how to use these properties to design in the most
efficient and sustainable manner. In addition, with reduced weight for transportation and the
options for trenchless installation the cost for social disruption and the overall carbon footprint
of the project is minimized providing a beneficial ESG — Environmental, Social and Governance
— solution for a true 100-year design life.
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EDUCATING THE NEXT GENERATION OF PLASTIC
PIPE EXPERTS

Michael Pluimer — University of Minnesota — Duluth, Emily, United States of America
E-mail: mpluimer@d.umn.edu

Educating the next generation of civil engineers to rebuild infrastructure with sustainable and
resilient materials is essential for addressing global environmental challenges and ensuring long-
term societal benefits. Most civil engineering curricula focus solely on traditional materials such
as concrete, steel, and wood. Engineering students are well trained on the properties of these
traditional materials as well as how to use these materials to design structures. However, tradi-
tional materials like concrete and steel, while reliable, contribute significantly to carbon emis-
sions and resource depletion. This is not sustainable, and the rebuilding of our infrastructure
should prioritize the use of more sustainable and resilient materials so that future generations
can enjoy the same quality of life that we have experienced. Plastics and composite materials
offer a significant environmental benefit to our society and would make an excellent solution for
rebuilding our infrastructure, yet current civil engineering curricula do not adequately address
the use of these materials for our infrastructure design.

A transformative education strategy must prioritize integrating sustainable plastics, composite
materials, and other innovative solutions into civil engineering curricula. This requires a compre-
hensive approach that combines theoretical foundations with practical applications, focusing
on material science, lifecycle analysis, and environmental impact assessments. Students must
gain a deep understanding of the properties, durability, and sustainability potential of advanced
materials, along with exposure to their real-world applications in structural design, transporta-
tion systems, and urban development. Additionally, hands-on experiences, such as laboratory
experiments and field studies, should be paired with industry collaborations to provide students
with cutting-edge insights and practical expertise.

The University of Minnesota — Duluth and the Advanced Materials Center has developed a new
curriculum to instruct students on the material and design properties for advanced materials
such as plastics and composites that can be used to rebuild our crumbling infrastructure. This
paper will focus on some of those key materials and design principles and will provide a frame-
work for educating the next generation of civil engineering students to be better prepared for
solving our complex infrastructure problems with more sustainable and resilient materials such
as those used by the plastic piping industry. It will also provide some practical tools for the plas-
tic piping industry to employ to help engage with universities on educating the next generation
of engineers.
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DETERMINING ACCURATE FRICTION FACTORS FOR
HIGHLY CRYSTALLINE, ULTRA-SMOOTH, WATER
REPELLENT PP-RCT PIPING SYSTEMS AND EQUIVALENT
LENGTHS AND KFACTORS FOR MOLDED LONG
RADIUS 90° ELBOWS AND STANDARD SHARP-TURN
MOLDED 90° ELBOWS BY FULL SCALE FLOW TESTING

Christopher Ziu — Nupi Americas, Early Branch, United States of America

E-mail: chris.ziu@nupius.com

Richard Genoni — Nupi Americas, Inc., Engineering, Early Branch, United States of America
Clint Davison — Nupi Americas, Early Branch, United States of America

Steven Barfuss — Utah State University, Logan, United States of America

PP-RCT is a patented high performance, high temperature thermoplastic that has been developed
with up to 80-95% beta crystallization according to the patentl. The material is extruded with an
exceptionally smooth interior bore, which has been confirmed by laboratory testing using a Bruker
Dektak XT System. Further, PP-RCT is highly non-polar and acts to repel water molecules. Given its
hydrophobic nature, and the exceptionally smooth surface, when water flows through the pipe it
does not develop an interior film layer. Interior film layers contribute to the overall frictional resist-
ance of a pipe. For these reasons, it is a goal of this full-scale study to determine actual frictional
resistance factors appropriate for PP-RCT piping and to compare them to traditionally used values.

A unique set of larger molded bends have been developed that are injection molded with a
completely smooth interior bull with a full circular cross section throughout the interior bore of
the bend. These bends, which have been injection molded with long radius and extra-long Long
Radii patterns, have been produced initially molded in hominal diameters 6" (160mm) through
14" (355mm) with a relative radius ranging from r/D = 2.5 to 1.

A testing program has been undertaken at major State University to take advantage of their well-
known hydraulic laboratory capabilities and expertise and to seek an independent confirmation
of the results. The testing includes 200-ft long sections each of 2-inch pipe, 6-inch pipe and 12-
inch pipe with SDR 17 thickness. These three tests will collect physical measurements of head
loss through each pipe at various full pipe flow rates over a wide range of flow velocities so that
the friction coefficient can be calculated. For these tests, plots of Reynolds number versus Darcy
f, Hazen Williams C and Manning'’s n will be developed. Elbows will also be tested to compare
standard elbows which lack a curved profile on the inner crotch to that of long and extra-long
radius elbows in four different sizes. Plots of Reynolds number versus minor loss “k” as well as
pipe equivalent length will be developed. The results will provide accurate data to compare head
loss in the two elbow types, as well as to provide a comparison to data used heretofore.
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CHLORINE RESISTANCE TESTING OF
HOT & COLD-WATER PIPES A 30 YEAR REVIEW
AND NEW CHALLENGES

Stefan Dreckoetter — Borealis Polymere GmbH, Burghausen, Germany
E-mail: stefan.dreckoetter@borealisgroup.com
Andreas Frank — Borealis GmbH, Vienna, Austria

Testing for resistance to oxidation of polyolefin pipe and pipe resins has become an integral part
of the North American (NA) industry. In potable water applications, this has culminated in ASTM
F2023, “Standard Test Method for Evaluating the Oxidative Resistance of Crosslinked Polyethyl-
ene (PEX) Tubing and Systems to Hot Chlorinated Water.”

The ASTM F2023 test method has been adapted for use in polypropylene pipe systems result-
ing in ASTM F3497, “Standard Test Method for Evaluating the Oxidative Resistance of Polypro-
pylene (PP) Piping Systems to Hot Chlorinated Water”. The two test methods are essentially the
same and utilized in similar fashion to create either a full data set to assess chlorine resistance or
a Dependent Listing Transfer (DLT) data set to determine comparable performance of a specific
pipe product to an existing full data set.

The ASTM F2023 test method and its associated implementation protocol under NSF Standard
14 have served the needs of the NA potable water pipe market successfully for 30+ years. The
test method and implementation protocol provide a basis by which to determine the suitability
of PEX pipe and tubing for service in hot chlorinated water applications. From humble beginnings
as demonstrated by Tokyo Gas in 1992 and later by Hewing Pro Aqua in 1996, ASTM F2023 has
become a mainstay within the NA market for polyolefin pipe in hot chlorinated water applications.

ASTM F2023 was first published in 2000 and since that time it has been reviewed, revised or
updated several times. The ASTM F2023 test method is used in combination with the PEX prod-
uct standard ASTM F876, "Standard Specification for Crosslinked Polyethylene (PEX) Tubing. The
extrapolation coefficients determined in ASTM F2023 are utilized in accordance with ASTM F876
to determine qualification of a specific PEX pipe product to Class 1, 3 or 5 service levels that are
established under defined combinations of stress and temperature using Miner’s Rule.

The period between 2000 and 2024 provides an extensive period over which oxidation test-
ing and the associated test results for polyolefin materials typically associated with potable wa-
ter applications. This paper will review the refinements to the ASTM F2023 test method that
occurred over the years. A discussion of test results for these materials obtained in the time
period 2000-2024 will be presented as well as investigation of the role that activation energy at
different temperatures may play in the variance or reproducibility of test results.

This discussion is not a comparative assessment of chlorine resistance of different polyolefin mate-
rials. Rather, the focus of this paper is a detailed discussion of the ASTM F2023 test method and anom-
alies observed over an extensive time period when applied to those polyolefin materials commonly
used in potable water applications. A review of test results obtained of over the 2000-2024 timeframe
combined with a discussion of activation energy at various temperature mays serve as a basis for a
more thorough discussion on the ASTM F2023 test method and its implementation going forward.
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RESEARCH ON THE PERFORMANCE OF AXIAL
COEFFICIENT OF LINEAR EXPANSION AND
APPLICATIONS FOR PLASTIC PIPES

Xiaowei Zhang - SINOPEC (Beijing) Research Institute of Chemical Industry Co., Beijing, China
E-mail: zhangxw.bjhy@sinopec.com

Dazhi Li - Zhejiang Weixing New Building Materials, Zhejiang, China

Yue Li - SINOPEC (Beijing) Research Institute of Chemical Industry Co., Beijing, China

Weimin Yin - Zhejiang Weixing New Building Materials, Zhejiang, China

Huahao Yang - SINOPEC (Beijing) Research Institute of Chemical Industry Co., Beijing, China

The axial coefficient of linear expansion reflects the dimensional variation of the pipe in the axial
direction as the temperature changes, which is of great significance for the design and appli-
cation of the plastic pipeline system.[1,2] In this paper, the axial coefficient of linear expansion
of plastic pipes made from different materials, such as polypropylene (PP-R), fiber reinforced
polypropylene (F-PPR), cross-linked polyethylene (PEX) and polyethylene of raised temperature
resistance (PE-RT) will be tested and compared with the coefficients of linear expansion of the
corresponding raw materials measured by the vitreous silica expansion meter method accord-
ing to ASTM D696-2024. Combining microscopic tests such as infrared and thermal analysis,
the characteristics of plastic pipes made of different materials will be analysed in response to
temperature changes. The F-PPR pipes are produced by compounding polypropylene plastic
pipes with reinforcing fibers. Compared to PPR pipes, the axial coefficient of linear expansion
of F-PPR is nearly three times lower. Therefore, F-PPR pipes are more resistant to temperature
changes in the external environment and transport medium, which compensates for the appli-
cation limitations of the plastic pipe in the building riser, exposed pipe, hot water pipe and so
on.[3] The F-PPR pipes also present a promising development prospect in market applications,
which is of guidance for the development of high-value pipes.
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PERMEABILITY COEFFICIENTS OF SUSTAINABLE
GASSES THROUGH PLASTIC PIPES

Sjoerd Jansma — Kiwa Technology, Apeldoorn, The Netherlands

E-mail: sjoerd.jansma@kiwa.com

Suzanne van Greuningen - Kiwa Technology, Apeldoorn, The Netherlands
Ernst van der Stok — Kiwa Technology, Apeldoorn, The Netherlands

The largest source of gas emissions in the gas transport and distribution sector are leakages
in the gas network. Nevertheless, the contribution of permeation to gas emissions cannot be
neglected, not only from an environmental point of view, but estimating these values also gives
an insight in the economic loss of the transported gas and the possible safety risks due to the
accumulation of the permeated gas.

Gas losses due to the naturally occurring, inescapable process of permeation is expressed as the
‘permeation rate’ (gas volume per period of time). Estimating permeation losses requires details
on the gas network including dimensions, the partial pressure difference and the permeability co-
efficient. The permeability coefficient is a material characteristic that is strongly dependent on the
type of gas and temperature. To accurately estimate the permeation rate of methane, hydrogen or
carbon dioxide through a gas distribution network a suitable permeability coefficient is required.

The permeability coefficients of gases for different types and grades of PVC, PE and PA pipes
under different temperature and pressure conditions are determined experimentally by many
different laboratories. The amount of data available from literature is therefore extensive and
constantly growing. However, the experiments described in literature have been carried out
under a variety of different circumstances (e.g. sample shape, temperature and pressure) and
results are reported in a wide range of units. Selecting a suitable permeability coefficient from
these data can therefore be a complicated and extensive assignment. And an unsuited perme-
ability coefficient can lead to an over- or underestimation of the permeation rate of a network.

To facilitate the selection process, this paper presents the permeability coefficients from over
twenty different literature sources and presents a comprehensive overview of the experimental
conditions. The coefficients are recalculated to equal units and to operating conditions, making
direct comparison between the permeability coefficients possible. Moreover, it is explained how
these permeability coefficients can be used to calculate the permeation rate of a given gas net-
work for any dimension and operating pressure. This creates an accessible method for estimating
the permeation rate of methane, hydrogen and carbon dioxide for PVC, PE and PA piping systems.

Note: This paper is not intended to compare PVC, PE and PA. Instead, it is to provide the gas

transport and distribution industry with the means to applicate plastic pipes for the distribution
of a variety of gasses.
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THERMAL ANALYSIS OF STRUCTURAL
PROPERTIES FOR GRAVITY FLOW CORRUGATED
POLYPROPYLENE PIPE AT ELEVATED
TEMPERATURES

Joseph Babcanec — Advanced Drainage Systems, Powell, United States of America
E-mail: joe.babcanec@ads-pipe.com

Daniel Figola — Advanced Drainage Systems, Powell, United States of America
Michael Pluimer — University of Minnesota Duluth, Duluth, United States of America
Sara Stone - Crossroads Engineering, Duluth, United States of America

The use of corrugated polypropylene PP pipe for gravity flow culverts is a growing trend
throughout the United States as the need to design and construct more resilient stormwater in-
frastructure increases. Many of these drainage culverts are buried in shallow cover conditions in
highway applications with heavy traffic. A comprehensive study was completed at Ohio Univer-
sity and the University of Minnesota Duluth investigating the response of the pipe systems under
shallow cover under heavy loads at elevated temperatures simulating wildfire events. Factors
examined for influence on pipe structural response and performance include pipe material, ve-
hicular loading, and temperature. Included in the results are the analysis of full-scale test data for
PP pipe under vehicular loading at elevated temperatures under asphalt pavements, discussion
of best installation practices, and design guidelines for thermoplastic pipes exposed to wildfire
events which include the effects of temperature on soil arching and other American Association
of State Highway Transportation (AASHTO) Load and Resistance Factor Design (LRFD) criteria.
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EVALUATION OF SLOW CRACK GROWTH
RESISTANCE IN PE10ORC: WILL ASINGLE TEST
EVER BE POSSIBLE?

Carlos Dominguez — LATEP-GIQA, Rey Juan Carlos University, Madrid, Spain

E-mail: carlos.dominguez@urjc.es

Joaquin Lahoz - CEIS, Centro de Ensayos, Innovacion y Servicios (CEIS), Mostoles, Spain
Rafael Juan — LATEP-GIQA, Rey Juan Carlos University, Madrid, Spain

Sara lzquierdo — LATEP-GIQA, Rey Juan Carlos University, Madrid, Spain

Rafael A. Garcia-Muioz — LATEP-GIQA, Rey Juan Carlos University, Madrid, Spain

Slow Crack Growth (SCG) is the main long-term failure mechanism in polyethylene (PE) pressur-
ized pipes. The innovative, ultra-resistant PELOORC grades represent the greatest development in PE
pipes to date, guaranteeing a service life of more than 100 years. In this sense, European test stand-
ards such as the EN1555 and EN12201 series have been updated to include the PEIOORC grade.

To evaluate the SCG resistance of a compound in the form of granules, three different SCG tests
have been proposed: Strain Hardening (SH) test, Crack Round Bar (CRB) test and Accelerated
Full Notch Creep Test (AFNCT). On the other hand, The Accelerated Notch Pipe Test (ANPT) was
developed in the case of a compound in the form of pipe by introducing a surfactant into the
standard version of the NPT test to accelerate the SCG failure process.

All these tests can be considered fast and especially when attempting to evaluate materials with
such high resistance, varying the test times from a few hours for Strain Hardening Test to ap-
proximately a month or more for the AFNCT test. On the other hand, it is not only the time but
also the economic cost of having to perform all these tests including also environmental issues
related to the use of surfactants and even a possible interaction between the surfactant and the
PE after long test periods at elevated temperatures [1].

Depending on the characteristics of the material: density, molecular weight and molecular en-
tanglements, type and comonomer content [2,3], the response in some tests may be different
from others, as it has been shown in previous works [4], which is the reason for establishing
more than one test to evaluate the correct resistance to SCG of a PELI0OORC grade and thus
ensure its correct designation. The question that arises here is: Is it possible to envision a future
with a single SCG test or at least a reduced number of required tests?

To try to answer this question, the characteristics of the material that most influence each test
will be discussed, as well as the search for possible correlations between the different tests. Fur-
thermore, some issues that appear during the tests that are being carried out in our laboratories
will be presented.
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SURVEY OF UNITED STATES DEPARTMENTS OF
TRANSPORTATION: PRACTICES TO ENHANCE
RESILIENCY OF EXISTING ROADWAY AND
EMBANKMENT CULVERTS

Sara Stone — Crossroads Engineering Services, Duluth, United States of America
E-mail: sara.stone@crossroads-engineering.com

Michael Pluimer — Crossroads Engineering Services, Duluth, United States of America,
University of Minnesota Duluth, Duluth, United States of America

This synthesis is prepared for the National Cooperative Highway Research Program (NCHRP) of
the Transportation Research Board (TRB) under the sponsorship of the American Association of
State Highway and Transportation Officials (AASHTO) and in cooperation with the Federal Highway
Administration (FHWA). Culverts were identified as vulnerable components to extreme weather
events and climate change during a 2013-2015 pilot study (FHWA-HEP-16-079). Extreme climate
and weather events can accelerate culvert failures and shorten expected design lifetimes, lead-
ing to costly repairs, rehabilitation projects, or full replacements. This synthesis summarizes cur-
rent management and maintenance practices employed by state Departments of Transportation
(DOTs) to enhance the resiliency of their existing roadway and embankment culverts. It also doc-
uments common failure modes of culverts and challenges in implementing resilience strategies.
The synthesis was developed through a literature review, a survey sent to 52 transportation de-
partments of transportation including all 50 state DOTs, the District of Columbia, and Puerto Rico,
and case example interviews with DOT staff from select respondents. Case study interviews were
conducted with five state DOTs representing geographic diversity, a wide representation of culvert
types and materials installed and specified in their states, and variety of potential threats that could
impact resiliency, including floods, hurricanes, severe storms, and wildfires.

ID271

WWW.PPXXIIT.COM « WARSAW 2025



\C Plpe

PLAs,

12B — PRESSURE PIPE TESTING
Day 3, Wednesday, 16:00-16:20 XXII

THE IMPACT OF DIFFERENT WAYS OF
MEASURING THE NOTCH DIMENSIONS
IN CRB TEST

Nadia Luijsterburg-Vleugels — Kiwa Expert B\V. (Kiwa Technology), Apeldoorn, The Netherlands
E-mail: nadia.luijsterburg-vleugels@kiwa.com

Ernst van der Stok — Kiwa Expert BV. (Kiwa Technology), Apeldoorn, The Netherlands

Roland Valk - Kiwa Expert B.V. (Kiwa Technology), Apeldoorn, The Netherlands

In order to provide an accelerated test method to characterize the relevant long-term failure
resistance of thermoplastic pipe materials against slow crack growth (SCG), the Cracked Round
Bar (CRB) test was developed and standardized in ISO 18489. The standard is currently under
revision where the importance on how to measure the actual notch depth is stressed, so that
the real stress applied on the sample can be evaluated.

This paper will discuss the practical challenges when measuring the notch depth after the CRB
test with a PE-RC material. Precise notch measurement is crucial as it directly affects the real
applied stress and the subsequent stress intensity factor (K) which results in different fracture
behavior. Small discrepancies in notch depth, width, and shape can lead to misrepresenting the
material's resistance to crack initiation and growth. The findings underscore the necessity for
standardized notch measurement protocols to ensure consistency and reliability in testing of
the resistance to slow crack growth.

The paper is composed of three separate parts:
1. Different ways to analyze a notch using a microscope;
2. Comparison of the initial crack length when measured in different ways;
3. Impact on the end result. The work is applicable to other materials.
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EVALUATION AND QUALIFICATION THROUGH
TESTING OF THICK-WALLED EXTRUDED PP-RCT
PIPE WITH UNEVEN WALL THICKNESS

Clint Davison — Nupi Americas, Inc., Engineering, Early Branch, United States of America
E-mail: clint.davison@nupius.com

Riccardo Genoni — Nupi Americas, Inc., Engineering, Early Branch, United States of America
Christopher Ziu — Nupi Americas, Early Branch, United States of America

Polypropylene is a semicrystalline thermoplastic that differs significantly from many other ther-
moplastic pipes in that when it is extruded in thickness over 30 mm in thickness (approx. 1.2 inch-
es), it tends to sag due to the effects of gravity. This sagging results in a wall that is egg shaped
(thin at one point and thicker at another). This doesn't happen to other common thermoplastic
materials, such as HDPE, until pipes with significantly greater thicknesses are extruded. There
are some diameter and wall thickness combinations of PPR and PP-RCT pipes that are listed in
standards, and others which are being commercially offered in which the wall thicknesses are
as much as 45mm in thickness (approximately 1.75 inches). When the wall is really thick, the
difference between the thin and thick portions of the wall can be as much as a 50% difference.

One dilemma this presents is that when measured according to ASTM D2122 and eight points
are measured, this wall thickness of such pipes are usually still within tolerance for those pipes
that have the diameter and thickness listed. This is the case even when the wall thickness at the
thinnest point is less than the minimum required wall thickness. Even though this difference is
significant, butt welding can still be accomplished if the misshapen walls are properly aligned.

We have performed a variety of tests in the past to validate the long term and short-term pres-
sure and mechanical integrity of pipes having this characteristic. As such, we know that despite
not passing the eye test, the odd egg shape actually results in a pipe structure which can be
greater than a perfectly round pipe. For these reasons, the authors have undertaken a more for-
mal study involving a number of tests performed at an independent outside lab to compare the
strength of such misshapen pipes and the welds made from such materials to what is normally
required of the materials.

The study will involve multiple sizes of multilayer PP-RCT pipes, including 12" (315 mm) SDR 7.4
pipe, 20" (500 mm) SDR 11 pipe and 24" (630 mm) SDR 17 pipe. Various tests will be performed,
including 1,000 hr. hydrostatic testing at 95 °C, burst testing at elevated temperatures and ten-
sile testing. The testing will be performed on both sections of pipe that include a butt weld, as
well as unwelded sections. A comparison will be made of the results of the tests as compared
to that which is required and expected for pipes that are exceptionally round in other sizes and
lesser thicknesses. The paper would summarize and present these findings.
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THE IN-LINE PRODUCTION PROCESS OF
BI-AXIALLY ORIENTED POLYOLEFIN PIPES
WITH OPTIMAL PERFORMANCE

Mark Boerakker — SABIC, Geleen, The Netherlands
E-mail: mark.boerakker@sabic.com

Ajay Taraiya — SABIC, Geleen, The Netherlands
Peter Degenhart — SABIC, Geleen, The Netherlands
Sam van der Aa — SABIC, Geleen, The Netherlands
Harm Caelers — SABIC, Geleen, The Netherlands

Bi-axially oriented polyolefin pressure pipes have shown outstanding improvement over the
whole property range as reported in our last presentations at PPXX and PPXXI (1,2). The per-
formance of these pipes is a consequence of the starting resin used, in combination with the
successive steps of preparing a thick-walled starting pipe, deforming the pipe under controlled
conditions regarding temperature and stretch ratio and, finally, relaxing the residual stresses.
During the early development of this technology laboratory scale batch-type equipment was
used. Decoupling of the successive steps offered precise control over the complete process, but
rendered it labor-intensive and slow, in other words, not suitable for a production environment.

To translate the early research to a commercially viable process, a full-scale continuous pro-
duction line was constructed, based on the learnings from the batch process. Coupling all three
steps and significantly increasing the speed of the process were identified as key requirements.
With this, significant changes to the rate of heating and cooling and the speed of deformation
were introduced as well as to the time available for stress relaxation. To address these challeng-
es the team could no longer rely on visual observations and manual corrections and thus more
advanced process control and modeling had to be applied.

In this paper we will highlight the latest developments in processing and online data capture for
the process and quality control to develop a robust in-line process for the preparation of bi-ax-
ially oriented polyolefin pipes. Temperature control from melt to crystallization and reheating to
the desired draw temperature uniformly to enable homogeneous biaxial stretching and stretch
ratio control are most critical parameters for ensuring optimal performance of the resultant
pipes. To optimize the process conditions thermal profile simulations were carried out and im-
plemented in practice. The paper will discuss these key developments.
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ROLE OF DIFFERENT INFLUENCING FACTORS
ON THE REACTION OF PEX

Yunyan Li — Hongyue Plastic Group Co., Ltd, Qinhuangdao, China
E-mail: tianjin02@163.com

Zhongxue Sun — Hongyue Plastic Group Co., Ltd, Qinhuangdao, China
Qianshi Ma - Hongyue Plastic Group Co., Ltd, Qinhuangdao, China

Li Ji - Hongyue Plastic Group Co., Ltd, Qinhuangdao, China

Coupling effects of peroxide and antioxidant, and influence of the concentration of peroxide and
processing temperature on the cross-linking reaction of PEX were studied. The results show that,
the torque and viscosity of polyethylene with different concentration of peroxide are different for
the whole reaction period.

At the initial stage, HDPE mainly shows a transition state from solid to melt, and the viscosity of
the polymer, as a whole, shows a decreasing trend, and at this stage, the viscosity decreasing
speed is not affected by the concentration of peroxide. With increasing in melting time, the
viscosity with different concentration of peroxide changes differently. For lower concentrations
of peroxide, the initial time for viscosity to increase is about at 19 seconds, while the increasing
speed is relatively slow. For higher concentrations of peroxide, the initial time for viscosity and
torque to increase is advanced to 15 seconds, and the increasing speed is also faster.

In addition, increasing in the concentration of peroxide could improve the cross-linking degree,
but not shorten the whole cross-linking period of the system. At the temperature employed
in this work, the time for HDPE to complete the cross-linking reaction is about 80S regardless
of the concentration of peroxide, and then the cross-linking reaction basically ends when the
torque is balanced. Further, without antioxidant, the greater the concentration of peroxide is, the
greater the balance torque and the higher the cross-linking degree of PEX is, while the oxidation
induction time remains unchanged.

The addition of antioxidant can significantly improve the oxidation induction time of PEX sys-
tem, and with the increase in antioxidant, the oxidation induction time of PEX shows an increas-
ing trend. However, the selection of antioxidants is significant to avoid the conflict between
antioxidants and peroxide, improve the thermal oxygen aging performance of the material, and
maintain sufficient cross-linking degree and physical strength of the material. Within the tem-
perature range of 210-230 °C, with the increase in temperature, the cross-linking degree of the
system fluctuates within a small range, and even decreases slightly. During actual production,
choosing the right production process is very important for energy reduction, production effi-
ciency and product quality.
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THE EFFECT OF HIGH-PRESSURE HYDROGEN
ON PLASTIC PIPE MATERIAL

Nak Kwan Chung — Korea Research Institute of Standards and Science, Daejeon, South Korea
E-mail: nk.chunga@kriss.re.kr

Sang Koo Jeon - Korea Research Institute of Standards and Science, Daejeon, South Korea
Nae Hyung Tak — Korea Research Institute of Standards and Science, Daejeon, South Korea
Jae Yeong Park - Korea Research Institute of Standards and Science, Daejeon, South Korea

To maximize the safety and efficiency of hydrogen energy systems, it is essential to gain an
in-depth understanding of the material property changes critical components, such as piping,
undergo in high-pressure hydrogen environments. The plastic pipes offer various advantages,
including lightweight, corrosion resistance, flexibility, and cost-effectiveness, presenting the
potential to replace conventional metal piping. Plastic pipes, being lighter than metal, allow for
easier transportation and installation, while their corrosion resistance ensures long-term stability.
It is expected that plastic pipes can be used as hydrogen pipes instead of metal pipes because
of these advantages. in this study, in order to evaluate the safety of plastic hydrogen trans-
port pipes, damage and changes in material properties after high-pressure hydrogen exposure
were evaluated for polyethylene materials, which are mainly used as gas piping materials. When
exposed to 96.3 MPa hydrogen for 24 hours, in the case of LDPE, serious damage occurred and
hydrogen permeability was significantly reduced, but in the case of HDPE, almost no damage
occurred and permeability was just slightly reduced. Also, the mechanical properties and frac-
ture mechanism of polyethylene materials was changed because of high-pressure hydrogen.
Therefore, the evaluating the effects of high-pressure hydrogen on plastic pipes is critical for its
application in hydrogen transport systems.

1D204

WWW.PPXXIIT.COM « WARSAW 2025




c Pip
\ &
A
o ®

<
-
o

XXIl POSTER PAPERS

DISCUSSION ON THE CHARACTERISTIC
DIFFERENCE AND APPLICATION OF ASME
B1.20.1, B1.20.3 AND B1.20.7
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This paper deeply studies the differences among ASME B1.20.1 (general pipe thread), ASME
B1.20.3 (dry seal pipe thread) and ASME B1.20.7 (hose coupling thread). This article is applicable
to any materials that can be used to make threads. Firstly, the research background and purpose
are introduced. It is pointed out that with the improvement of thread connection requirements
in industrial development, these three standards play an irreplaceable role in different fields and
scenarios. Then, the ASME standard system is expounded, including its development history
and application fields, emphasizing the importance of ASME standards in multiple fields such as
mechanical engineering.

Afterwards, the three standards are analyzed in detail respectively. ASME B1.20.1 general pipe
thread has good universality and interchangeability. Its conical thread shape and various size
parameters meet different connection requirements. The specification of flat crest amount
improves the tightness and stability of connection. ASME B1.20.3 dry seal pipe thread adopts
a unique sealing mechanism and can achieve good sealing performance without sealant. It
has excellent reliability in harsh environments such as high pressure and high temperature, but
its high manufacturing precision requirements increase the cost. ASME B1.20.7 hose coupling
thread fully considers the special needs of hose connection.

It adopts parallel thread structure and specific size design. The sealing by gasket or O-ring en-
sures the reliability and tightness of connection. It has flexibility and certain compatibility with
other standards. Finally, the research conclusions are summarized. It is pointed out that the
appropriate standard should be selected according to engineering requirements. And the future
research directions are prospected, including material innovation, intelligent thread connection
technology, environmental sustainability and thread standards, and international cooperation
and standard unification.
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USE OF HIGH-PERFORMANCE CONSTRAINED
GEOMETRY CATALYST LLDPE TO IMPROVE
MECHANICAL PROPERTIES IN
MICROIRRIGATION TAPES
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Irrigation pipes, like drip tapes and plastic tubes, are frequently utilized in agriculture for their cost-
efficiency and effectiveness in watering crops. These pipes usually have a nominal diameter ranging
from 16 to 22 mm, wall thickness from 5 to 40 mil (or 0.13 to 1.00 mm) and maximum working
pressure up to around 3.0 to 3.5 bar (depending on the pipe wall thickness). The main function
of such drip tapes or tubes is to deliver water, fertilizers and herbicides directly to the ground or
close to the roots of plants. Polyethylene is widely used to produce such pipes due to its suitable
balance in strength and flexibility besides its good chemical resistance. Pipes are manufactured
via melt extrusion process, often using a mixture of different types of polyethylene, such as MDPE,
LLDPE and LDPE. The drip irrigation industry is constantly looking for ways to optimize resources
by reducing the cost per linear meter of its products, often using less expensive raw materials in
the fabrication of the drip tapes and tubes. However, this strategy usually results in compromised
tube performance such as loss of strength, low surface quality, and reduced extrusion output.
Alternatively, such cost reduction can be achieved by reducing the thickness of the tubes using
high-performance polymers without compromising their properties.

In this paper, the authors explain how substituting a traditional Ziegler-Natta LLDPE (12: 1.0
g/10 min, p: 0.920 g/cm?®, Mw/Mn: 13.5) with an improved constrained geometry catalyst
(CGC) LLDPE (I2: 0.85 g/10 min, p: 0.918 g/cm?®, Mw/Mn: 3.5) that was initially developed for
superior abuse resistance in packaging, in a formulation for drip irrigation pipes, could result in
up to a 15% reduction in wall thickness while maintaining the pipe’s stiffness and burst strength.
Due to unique molecular design, evidenced by narrow molecular weight distribution (MWD),
formulations containing 36 wt.% of such high-performance LLDPE showed 15% higher burst
strength, increasing from 6.5 to 7.5 bar, measured over extruded pipes according to NBR ISO
9261 when compared to incumbent formulation at same pipe wall thickness. Interestingly, the
results indicated that reducing the wall thickness by 15% led to an equivalent 6.5 bar of burst
strength, while also achieving a higher tensile secant modulus and yield stress (at 23 °C with a
crosshead speed of 50 mm/min). Despite its narrow MWD compared to ZN-LLDPE, the CGC
LLDPE demonstrated good processability at high pipe extrusion speeds of 170 m/min.
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A SMART NON-METALLIC PIPELINE
ELECTROFUSION JOINT WITH EARLY
DAMAGE WARNING FUNCTION
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This paper presents an innovative smart electrofusion joint for non-metallic pipelines with an
early damage warning capability. We discovered a critical phenomenon in short carbon fib-
er-reinforced polyethylene (SCFPE) pipes: the transition of resistivity changes from linear to
exponential growth before failure. Based on this finding, a novel method for pipeline failure
warning was developed, leveraging resistivity changes as an early indicator. This approach en-
ables independent tuning of SCFPE pipes’ mechanical and electrical properties, resulting in a
strain self-sensing SCFPE pipeline. The system effectively provides early warnings when the
applied load reaches approximately 90% of the failure strength, enabling reliable monitoring of
potential failures such as leakage or cracking. This technology has been successfully applied in
mountainous water supply projects in Hubei, China, where it accurately detected joint damage
caused by pipeline displacement before catastrophic failure occurred.
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UV STABILIZATION OF PP USED FOR
COMPRESSION FITTINGS AND CLAMPING
SADDLES

Alireza Sahaf Amin - Vahid Industrial Group, Tehran, Iran
E-mail: alisahaf@yahoo.com

Compression fittings and branching saddles manufactured from PP-B are one of the most used
fittings in Irrigation and water transportation projects. PP is a thermoplastic material made from
propylene monomer that is durable, rigid and semi crystalline. Because of the presence of ter-
tiary carbon atom in the structure of PP it is less resistant to photo-oxidation and photo-deg-
radation compared to PEL. Because of chain session originated form photo-oxidation the me-
chanical properties of PP materials would be suppressed in outdoor applications.

Unfortunately, there is no weathering test for the material in the international norms ISO 178853
and ISO 134604 used for compression fittings and branching saddles production. Since these
fittings are mostly used in outdoor applications, manufacturers normally using carbon black MB
with or without UV MB having PP carrier in combination with PP-B natural grade to produce
these types of fittings. The question is, if this would be enough to protect the PP-B material from
photo-degradation or it need more advance stabilization.

In this paper different scenarios of production and mixing of carbon black MB and UV MB were
tried. In each case the 1500 hours UV weathering test applied and tensile properties in 0, 600
and 1500 hours inspected and reported. Further, the FTIR test was utilized to identify the car-
bonyl group, while the crystalline structure of the samples was evaluated using the DSC test.
Finally, in the last part of the project a solution was offered and communicated with upper value
chain and successfully developed a new material grade for this application.
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