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Some Background Provides Justification for Study Subscriptiori

A Background
I ThisTCGRSelectl i ent Study is designed to provide a quick “snaj
within the polyolefinsindustry
A Objective
i Lookingthrough 2025 TCGR has consideredmmercial and technological developments that will provide study participants

with expert information for future business planning. By focusing on emetgaimologies, TCGR has detaitexv changes
occurring now & scheduled to occur will impact the industry of tomorrow

i Provide actionable guidance to study participants interested in maximizing their opportunities within the industry
A Scope
i PP & PE Globally focused study examining the recent catalyst, process technology, and application changes and their
impact on production and application developments.
i Top polyolefirresin producers, catalyshanufacturers and procegechnology licensors

Methodology

I TCGR hasaugmenteditshmuse expertise with polyolefin experts that
commercial & technical) in completing this study.

I TCGR alsatilizedpublicly available and thouse information and expertise collected over 35+ years in the polyolefin
catalyst industry

I Patent searches, technical literature reviews, andiefd interviewswere conducted witrcatalyst manufacturers, process
licensors, resin producers, and end users/convertors

The study’s scope/TofC, on the following two pages, reflects inputs from “charter” subscribers,

industry leaders in polyolefin resin production, process licensing and catalyst supply...
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Study Highlights Include...

A Theimbalance between regional resin consumption vs. production growth emphasizes feedstock advantages
(e.g., for North Americabased producers) but also points out remaining deficiencies in technology
capabilities for valuadded/specialty grades, notably @hina.

A Processadvances targeted towards improved production efficiencies (e.g., reag&gireamtime, energy
and/or feedstock utilization, etc.) as well muftiodal and/or broad molecular weight distribution (MWD)
resins with specific gmonomer incorporation are critical to success; the effortd pgndellBasethn
Hyperzondechnology are linking the advanced process with applicasioecific grades

A Catalystand cocatalyst systems remain at the heart of competitive resin product offerings and recent
progress reflects activities in Ziegldatta andmetallocenésingle-site (SSCs), including replacement of
Crbasedsystems; progress towards nguthalate donors in & systems, addressing REACH concerns,

continues apace

A Froma strategic perspective, the linkage between catalyst development and resin performance requirements
remains critical; any disconnect between them (which can arise in 3rd party supply arrangements) can
adversely affect access to novel higtowth applications and, therefore, product price premiums.

Resin-, process- and catalyst-specific analyses of the major

PE and PP participants are provided and critiqued...
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An Indication of the Study’s Value Can Be Seen in Excerpted
Pages from the Assessment (1 of 3)

Highlights: PE & PP Licensor Market Share

2016 PP Licensor Landscape 2016 LLDPE/HDPE Licensor Land<cape
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Redacted byTCGR

A 2016 Announcement by Ineos that they will no longer be licensing Innovene S double loop slurry technc gy
— Text redacted by TCGR
A Sinopec licensing major wins in China and Asia Pacific

- Text redacted by TCGR
A Industry trend toward JV relationships between feedstock provider, technology licensor, and resin producer

- Text redacted by TCGR
A Univation acquisition by Dow
- Text redacted by TCGR
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Univation — PE

BACKGROUND
Univationis the leader in low pressure PE licensing with its single PE gas phase rgactationisalso a
leading supplier of PE catalystiivationis constantly looking tanprove Text redacted by TCGR

Univationprocess offers the broadest product mix from HDPE Chromium to LLDPE
metallocene Univationcontinues development with its Prodigy catalyst allowing the production of bimodal PE
(needed in some application like PE 100 pipe) in one siagtor.

ABSTRACT
During the last 18 months, the focusWhivationhas been in the followingreas

Text redacted by TCGR

DETAILS
1. Incrementalprocess development to increase operation of its gas phase

— Productionof an antifouling composition that can be fed consistently in the real 1= =eEE i arec:
Text redacted by TCGR

— Method of transition from one catalyst to another without killing the catalyst
— Method of transitionbetween| 1 EEE LIS withotling BIT] Text redacted by TCGH
areintroduced sequentially and then the bed is purged extensively before

introducing a secondhetallocenecatalyst.
— Methodto inject the catalyst to improve morphology.

..
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PE Injection Molding — Recent Developments by Ineos

A ELTE®uperstressTNamily of HDPE grades 70 |
e . H @ rstress™ CAP602 serie
developed specifically for demanding caps and ; N
closures 2 s \\
oZ 50
— Enhanced stress crack resistance and g; ® \\
organolepticsvithout compromise on 22 i N\
processability 8 T oorm "
9% 2 |a0z0NTE '
A pe composition havi of kg/m3, i i EiﬁiﬁﬁﬁiL_\ ST S 05
SRS o S —
g\f 0 | II-|D6F.|]’0E.£\—F_‘.I HD52J_1E?—B
Text redacted by TCGR Zs 200 250 300 350 400
'E Spiral fluidity at 250°C (mm)
B Tested at P = 6 bar
A Using a CGC single site cataly$i i ee  Tested ot P-4 bar

Text redacted by TCRET2IMI8] £ Comparison of ELTEXiperstres$Grades fronineosWebsite
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Order Form & Secrecy Agreement

The Catalyst Group Resources, Inc. Tel +1.215.628.444¢ Fax:+1.215.628.2267
P.Q Box680, Sprinddouse, PA 19477 USA e-mail:tcgr@catalystgrp.com website:www.catalystgrp.com

Please enter our order fdrolyolefin Catalysts and Processes: Technological and Commercial Impacts on PE and PP,
2015-2025 completed in May 20173s follows

Polyolefin Catalysts and Processes: Technological and Commercial Impacts on PE and PP, 2015-2025, to be
deliveredas a PDF file containifpwerpointslides,for $15,500; this includes use across locations (i.e. site license).

In signing this order form, our company agrees to hold this report confidential and not make it available to subsidiaries
unless a controlling interest (>50%) exists.

Signature: Date:

Name Title:

Company

Billing Address

City: State/Country: LplRostal

Phone: -mdl: Purchase Order No.
(if required)

Thisreport and our study findings are sold for the exclusive use of the client companies and their employees only. No ailoplicet®n, or
publicationof this report or any part contained hereispermitted without the expressed written consent of The Catalyst Group Resources, Inc.
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THE CATALYST GROUP

Dedicatetb monitoring and analyzing technical and commercial developments
in catalysis as they apply tglttal refiningetrochemical, fine/specialty
chemical, pharmaceutical, polymer/elastomer and environmental industries.

GwyneddOfficePark +1.215.628.4447
P.Q Box680 tcgr@catalystgrp.com
SpringHouse, PA9477— USA- www.catalystgrp.com

Mr. John Murphy, President
John.J.Murphy@catalystgrp.com

Mr. Taylor Vozniak, Sales & Project Manager
tvozniak@catalystgrp.com
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