Scaling Predictive Equipment Health

Vibration & Process Data

By Rafael Limones Ayllon
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Our Global Manufacturing Footprint
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Indorama Ventures
in numbers

e 114 locations
e 32 countries
e About 25,000

colleagues

*update as of Apr 2025
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Americas

Brazil
Mexico

Uruguay
USA

EMEA

Bulgaria
Czech Republic
Denmark
Egypt
France
Germany
Ghana
Ireland
Italy
Isarael
Lithuania

Luxembourg
Netherlands
Nigeria
Poland
Russia
Slovakia
Spain
Tanzania
Turkey

UK

APAC

China
India
Indonesia
Myanmar
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Our customers help us grow as a market leader
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Integrated value chain
@
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INDORAMA VENTURES - CPET

Quimica, Spain

The IVQ site is a core pillar of Indorama Ventures’ Combined PET platform,
featuring vertically integrated PTA, PIA and PET production at industrial scale. By
transforming paraxylene into high-quality PET resin, the site anchors supply for
packaging and polyester value chains across Europe. IVQ stands as a symbol of
CPET’s strength—integration, resilience, and world-class polymer manufacturing.
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Digital x IVEX x Sustainability

ADVANCED :
INDUSTRIAL CPET's

ANALYTICS Advanced Solution Showcase Submission by IVQ
_ 2025 From Indorama Ventures’ Internal AIA (Seeq) Showcase — Dec. 2025

Scaling Predictive Equipment Health —. Rafael Limones Ayllon

Using Vibration & Process Data
Reliability Project

Data Analyst - Digital & Process
IVQ (CPET Segment)
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'Categery 3 Scalmg Predlcttve Equ:pment Healthf Usmg Vlbrat/on '&:;Process lat

Indorama Ventures Qunmlca Spam

Turning data overload into monitoring clarity through scalable intelligence, enabling our teams to reduce analysis

time for early detection and reaction

Goal: Develop tools and a way to reduce analysis time by leveraging all available information (documentation, manual vibration
measurements, and process variables), in alignment with ISO 14224 practices.

7

Measure: Two Categories of Failures Monitored in This Project
Mechanical Failure Indications
ISO 14224 identifies vibration measurement as a primary Condition Monitoring Technique & a key diagnostic indicator for

rotating equipment. Our focus on the project is for capturing, organizing, & summarizing manual vibration data to detect
early signs of mechanical degradation.

Process Failure Indications
Process variables often show earlier symptoms of abnormal conditions before a breakdown occurs. Unsupervised

machine learning models enable continuous monitoring & early detection of process-driven failure modes.

Currently focused was the agitators 27 equipment, as objective we want to get this for 409 equipment with manual vibration data

\,

Saving as avoid cost: unexpected shutdown
(this saving was done on Febreuary 2025 to oxidation Reactor A)
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Indorama Ventures Qmmlca Spaln

m—b Avg 30 Different Signal per Equipment

v [ﬂ{ Espectre Velocidad - Motor 1500rpm
[Li.k Spectrum Velocity
[ﬁ' Tirne Waveform Velocity
EE Global Velecidad - Motor 1500rpm
W CMEH

1 Agitator 2 Sub-equip 9 diff. point of measure

~ Monitoring Vibration

Without Analytics LR ICRYE

JAYeJel(o ' ®:Rele]isleIM °Data collected but not converted into decisions

*18 Agitator assets x 30 spect.indic x 2 min each=18 Man-Hours of
manual review (Just Agitators)
Or AllIVQ Equipment @

* 409 assets x 30 spect.indicx 2 min each=409 man-hours of manual
review

Results:
High likelihood of missed failures, delayed insights, and inconsistent

reviews,

The reality we live in:

EFFECT

We either don’t analyze all the data we collect,

we don’t collect it at all — because we don’t have the time...

© Indorama Ventures @



Indorama Ventures melca Spaln

All spectra indicators

: x
LI

v E]{ Espectre Velocidad - Moter 1300rpm

Lil Spectrum Velocity " Monitoring Vibration
[ﬁ' Tirne Waveform Velocity
» EE Global Velecidad - Motor 1500rpm
W CMEH | o . ' J
1 actionable
1 Agitator 2 Sub-equip 9 diff. point of measure Approx 4 bounds Indicator (capsule) ﬂﬂﬁ
EFFECT
What if, All spectra indicators > automatically processed = 1 actionable indicator
With Analytics
Focusing on Time to Act, instead of Time to Analyze then react
) SEEQ® J I Thousands of data points compressed into a single insight:
Now, with & “Which asset needs attention today?”
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- Project Overview: term-
( Vibrations spectrum of critical machines \ | (Step 3: SEEQ anomaly detection & Man Vib. Now with Process Data R
Step 1: Pruftechnik data —
P Python to transform data Anoma[y
S SRRSSRTE & categorize detec(;ioln Moame RN T ST e
_ ¢ modelts, - tree are monitored
A I | SEEQ » + ? + __using manualvibration
i and operational data
i Easy Scale Via
Data connection Asset tree —
Manual vibration » downloaded e » - ’ T
data I & identifies lead
manuatly — Use categorize to create assettree of all contributing variable
equipment with manual vibrations causing the anomaly
\. J
r 1 r . . 1
Data on SQL server I ‘ by teams Investigation
. ,
i ) ¥y

14,940 thousand different
tags of vibration

— Power Bi: Vibration trends by [
frequency band (f\b. » ‘

' Notify on teams daily Find quickly eq u.ip
using Webhook specs, recent failure, all
documented on

\SharePoint y

409 different equipment

\, J
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Data preparation and preliminary configuration

/~ Vibrations spectrum of criticalmachines ™\

Step 1: Pruftechnik data

Python to transform data
gt & categorize

e

Data

Manual vibration » downloaded» ﬁ »@ »
data manually -

Vibration data by frequency band

Data on SQL server

14,940 thousand different
tags of vibration

409 different equipment |: -

\
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NeW Program Developed for Operator Ease

Step 1 — Capture & Organize
Collect raw vibration and process data, then structure and transform it using best-practice methods.

)

Dataon SQL server

Usuario:

Vibra sel
I e
Contrasefia: 14,940 thousand different
' SQ L tags of vibration

409 different equipment

Manual Operator e
M L Vibration Dat
Vib Data anuat Vibration Liata Easy Upload for Shop floor Team

@ Python Program

“* Purpose: Extractvalue from Manual Rounds turning it into Organized & Structured Data
*Formats and uploads manual vibration data into SQL. Over 14,000 vibration and
*Logs actions anq tracks last insertion.. process data points from 409
*Used by supervisors to manage Omnitred exports and SQL uploads.
*Resume of data input on excel assets

Now structured and analytics-ready for rapid value generation!
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rep: Configuration & Vibration & Process Tag Dictionary 1

. Step1to2-3

Data & Equip Dictionary =~ Build separate asset trees for Vibration calculations &
for vibration tags _ Process calculations (Isolation forest=Process prediction).

\
+ ‘ { \ Seeq DATA LAD

|51 12 32 =

— A - - n o) (+] 'g
sset Equipment Organization . .
~ HEE & Vibration Asset Tree Process Asset Tree
Excel w/ Process Data —— A
o ) . @t »Vibracion » Linea 2_TA2 PTA2 PTA3»PTA3 /ﬁ fs‘(‘)‘sss ?’L;;i ;f;’;E'PW' > TA3»SECC0300 T+
(fOI’ now) Attributes used to develop Isolation Forestin » SECC-0300 » AGITADORES » TA301 ’ ’ o) :
Seeq then Scale easily O seleccionartodo O Seteccionar todo
*Important Step: Ensures easily adapted to new tools or ) 00 Any_vibration_capsule_active » O W mertr-ae *
technologies like Seeq with little or no rework. - = - . O I Aenz-ae 2
— Ea Process @ 2> B Prediction Loss - AE ®2x>
‘ Y Vibration @2 => @ Process ®29>
K Ea Vibration Capsule ® 2 S?/)’A @) m Process_prediction bd
SE = Q Seeq DATA LAB Organize Data Continued () 00 Restictconciton %
. . o isk score - =
x Vibration asset tree includes about 8 :: Rikscore A .
Notification-teams-reglas-Aj X Matriz_auxiliar_vibration.cs' X Notification-teams-reglas-Vi X Assettree-Vibratons.ipynb X . Risk score thres 1 - AE
+ B + XD MO » = C » cdigg v O | & psistente decodigo <P b ©@# & Modd 30 tagS per eqUIpment' () M, Risk score thres 2 - AE 2
— 1 seeq spy () 00 Train_condition b4 |
? 2 inport pandas v pd Q Vibraton ® W
4 datetime datetime, timedelta

[2]: | 1 matrizbase = pd. Asset-tree.xlsx', sheet_namez'ass

Asset Tree Creation for Analytics use,
@ SCALE Add the necessary calculations in each asset tree

S——
Indispensable Chemistry - ‘ - ‘ © Indorama Ventures @




Additional information required for Machine learning
models

Seeq

Easy
connection

(Step 3: SEEQ anomaly detection & Man Vib. Now with Process Data

Anomaly = .=

detection| = . .ewe WENTHERWG

» models|
e

Scale Via
Asset tree

+

Use categorize to create asset tree of all
equipmentwith manualvibrations

\

Equipmentin asset
tree are monitored
using manual vibration
and operational data

New Add-on which
identifies lead
contributing variable

causing the anomaly

© Indorama Ventures



i Step3

Structured
Asset

Seeq m;‘&;\j P
#

Model

Data

{at Overview » Machine Learnin SEEQ

@ Isolation Forest  Basic inbuil

o °
4 o ey @@
» .
[ ]
Process Asset Tree Process Asset Tree

Anomaly Event Condition
Anomaly detection AT

deviation foreach

Ov @ Ov ®mv M

Analysis

' [Dalectnnomihes with an Isolation Forest mude[} '
]

New Add-on thatidentifies the leading
contributing variable behind the detected anomaly

Seeq WORKBENCH

o/ .
I||||

Indorama @ Anomaly Detection - Autoencoder
Built Add-on

Data Scientist
Support

Build an Autoencoder model to detect anomalies.

Then Sort by highest average contribution of anomaly for that
specific Capsule - Event

Tags name Avg.

Max.

Nombre Promedio [T Maximo

TP15002.PV_std pred loss - AE - 0000000172 5.8188 7.1067

variable used in

8U119.PV pred loss - AE - 0000000172 4.8801 7.8801

TLC302.PV pred loss - AE - 0000000172 3.0977 9.1326

forecasting.

[ {a} Overview » Machine Learning 4 ———

Detect anomalies with an |solation Forest model : p

TPI5002.PV pred loss - AE - 0000000172 3.011 4.3958

TIIA302.PV pred loss - AE - 0000000172 2.5043 7.2849
TFC201.PV pred loss - AE - 0000000172 1.7348 2.8679

7LC302.PV_std pred loss - AE - 0000000172 1.671 4.5889

TI1A302.PV_std pred loss - AE - 0000000172 1.2209 2.5658

q I
@ Isolation Forest SEEQ
Basic inbuilt gl BE . &

pred loss - AE - 0000000172 1.0358 3.2336

Scaling Machine Learning — currently to 27 Agitators

Used to: Localize process variables more deviated
vs trained period

© Indorama Ventures



Analysis and Results

Process Data

(Seea w

Easy
connection

(Step 3: SEEQ anomaly detection & Man Vib. Now with Process Data

Anomaly
detection
models

o oamw AT W

Asset tree

T @ .
o

Scale Via ‘

Use categorize to create asset tree of all
equipmentwith manualvibrations

™\

Equipmentin asset
tree are monitored
using manualvibration
and operational data

New Add-on which
identifies lead
contributing variable

causing the anomaly

Step 4: Notification
by teams

S ik

Notify on teams daily
using Webhook

© Indorama Ventures



Step34 ':Seeqf;AnaIysns | -:Conflrmed5:SaV|ngs eagrly thls_:Year = S R

Exa mple of Process & Seeq
Glycerin System Pressure

Before T B ey Before shutdown After shutdown
| 1 | R R ‘ “ [ | UL Analysis = - a
Inspect 1 Equip. Shutdown#1 = | Shutdown #2
ata time T .
s fFebruary model

Anomaly need to analyzed by engineer using all variables used to modelized

Let Your Data Find You — the Moment Something Goes Wrong

Improved Insights come to us automatically — no more chasing tags or digging through models.

Deviations of the variables using autoencoder output

(sort by high average)
R P Tags name Avg. Max. T T
Nombre Pi die |F Maxi AW URA ‘ PRI
- / ~— —— ~ 611301A2.PV pred loss - AE - 0000000178 10.89 19.053 ‘ ) . !
me I 6PI310A.PV_std pred loss - AE - 0000000178 9.9268 22.413 e
e W VR e e v e —re » I 6PI5001B.PV_std pred loss - AE- 0000000178 8.8362 15.896 I - et “"u W™
- ‘e PTEO0 APV _Std pred [0s - AE - 000000017 TTe2 . o
s 65I301A.PV pred loss - AE - 0000000178 7.594 12.64 g \\ - h
6LC301A.PV pred loss - AE - 0000000178 7.3031 14.169 \‘ \ { \\ .\{
. \ \ W

Monitor 27 equipment Glycerin system Pressure (STD) ‘

focus on important variables - L
Trendof 19 h

Indispensable Chemistry - ‘ - ‘ © Indorama Ventures @




Reporting Views

Vibration Data

SeeqQ

v

,
J Step 2: Create PowerBl | Step 4: Notificatioa

‘ by teams
» Power Bi: Vibration trends by &
frequency band (j\b. »

¢ Notify on teams daily
using Webhook

Indispensable Chemistry - ‘ - ‘ © Indorama Ventures @




:'éstepi?

The vibration assets have so much conditions to monitor, with the objective to minimize the time used withthe
power of asset tree group on Seeq and the agile check with Power Bl on detail after this must continue the
review on Omnitrend (Vibration software)

4: Vibrati

Example:

Focusing on Time to Act, instead of Time to Analyze.... then react

VeSS oiimions @ -\fibration Detection

General 07/08/2024
IVQ -Reliability-Notification 601

Any_vibration_capsule_active Event Detected
Any _vibration_capsule_active triggered in Vibracion Asset Tree in the last 18 days

Seeq »

* IVQ-LAB-SPC-notifications © 6:01
Vibracion >> Linea 2 TA2-PTA2-PTA3 >> TAZ >> SECC-0200 >> AGITADORES >> 6A204 >> Any vibs

IVQ-SPC-Quality-Notification & 22/10

(All spectra indicators )

Thousands of data points compressed l l l l l -I
into a single insight:

This is a support function for the reliability :
engineer; it does not replace their judgment
or professional expertise, but Greatly speeds \ y

up where to focus attention. 1 actionable
Indicator (capsule)

Indispensable Chemistry - ‘ - ‘ © Indorama Ventures @

Which asset needs
attention today?




Unlocking the Next Level of Organizational Efficiency

This small-scale pilot is only the beginning...

4 Y
Step 5: Ai to

quickly
Investigation

i mp T
Find quickly equip specs
recent failure, all

documented on t

Indispensable Chemistry - ‘ - ‘ © Indorama Ventures @




Step 5: : Ai to quickly Investigation

o

stado se ha establecido en No molestar. Solo obtendr las notificaciones de mensajes urgentes y las de sus
Cambiar configuracién

Intactos priorntanos.

General
. Q 4
Teams " publicaciones :

e - @ 2
W Team's Webhook

e notification of concern period 2';‘?5;;;‘“ to

@ va e Investigation
VL. ribanat Corporate: Audits Le damos la bienvenida al equipo de IVQ-Seeq

notifications . '
cPET Procedures

IVQ-Seeq notifications

m Budget Team
@ CPET - Maintenance, Reliabi...
® Reunion diania DIR/OPE

IVQ Internal Audit Actions F...

IVQ Actions (Intelex, 29/10

IVQ Fixed Cost Reduction Find quickly equip specs
#l IvQ Maintenance KPI Dash.. recent failu re, all

CPET Maintenance Excellence documented on *

TAR Optimization_IVP
#Seeq Community
CAPEX_IVQ

IVQ-Seeq notifications
TRANSITION GROUP SSTT-..
Reunién de las 08 (a partir
IVQ Transformation

& IVQ - General

Indispensable Chemistry - ‘ - ‘ © Indorama Ventures @




 Unlocking the Next Level of Effic

i— ; Copilot + SharePoint for unified & efficient
information access

Prompt: B Sk o el ke wring del reacior GA301A @ 2. Manual operativo del sistema de sello con glicerina
Documento: Se @ jdlevw wha 1vle arergin mans

B Buscador de documentacion IVQ * Descrintién del aistegur

Search for information about the - jo inforrr ' te sobre el sistema de glicerina del reactor 6A301A en va i :
g|ycerin system of reactor 6A301A i : e A i of datalle + Smerha compiesto pove anshis sprmget! privsesicaaly Uesatawew iry Ge mantienen la presion
de glicerina

« Control y seguridad

. Strek Sgokstoals
B 1. Procedimiento de puesta en servicio del sistema de

licerina ;
9 * Proteaminielo dneac oleralinginy mregy

Documento 7 " RO_F TAEN SERY £ 5 DE ERINA A LA UNID/ « Verificar nivel de glicerina, lubricacion y aire de instrumentos

« Objetivo: Gara . « Poner bombas en marcha, ajustar presion y recirculacion

. + Equipos implicados:
Q Ckl f nd g + Bombas de glicerina: 6G-5001 A/B, 6G-5002 A/B, 6G-5003 A/B, 6G-5004 A/B
- Botellones amortiguadores: 6H-5001, 6H-5002, 6H-5003, 6H-5004
P rOC e d U re S, * Pasos clave : B 3. Plano P&ID del sistema de sellado (glicerina)
Documents dnsnatont 123 pdf L3
Manuals, '

P&I D’S * Incluye:

Comprobar funcionamiento de bombas secundarias y reguladores.

Haz el esquema simplificado del P& Prepara un checklist operativo para arranque y parada

Indispensable Chemistry © Indorama Ventures




i "T Copilot + SharePoint for unified & efficient
information access

B Tipo y caracteristicas de la bomba 6G-5001

Sprague UiCkl fi ndin

Prompt: Pump SpeCiﬁcationS

"What type of pump is
665001?"

+ Clasificacion:

q_ ; Copilot + SharePoint for unified & efficient
information access

B Rawmentos consultados

At B8 B 5ik.pdf - Plano P&ID del sistema de sellado Mok borisbes § A He localizac formacién sobre el modelo de bomba Sprague que utiliza el sistema de glicerina en los

Prompt:
mlii s et o "Give me the Sprague pump
— model installed in the glycerin
system.”

M 2. Manual operativo - Do
PROCEDIMIENTOS rev 1
+ Confirma que el sistema de lubricacié con glicerina esta compue

rimaria A" y secundaria "B

Indispensable Chemistry - ‘ - ‘ © Indorama Ventures @




‘h’ Copilot + SharePoint for unified & efficient
information access

Prompt:
"Give me the outlet pressure if
I have 5 bar of air.”

Prompt 2: »

“Create a pressure summary
table"

[ P
_ &3 b
Reminder: - Team's Webhook
A e B notification of concern period
T ... Started from
cexa g Anomaly Information
coming to your
workspace

Seeq »

Information being brought to you
When you need it most

Indispensable Chemistry - ' - ‘
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i 'Scalmg Pred/ctlve Equ:pment Health Usmg V/bratlon & Process Data

“Indorama Ventures Quimica, Spain

—
-

C
m

TRIAL -

TIcs

Value: Measure:
*  Early detection from anomalies. .
*  Time analyze reduced .

¢ Standardize formats to ML.
* Improve vibration data analysis

Time required to do a manual vibration analysis.
Actions required to do mechanical or process analysis.

Analyze:
*  Time available to analysis.
*  Manual Analysis.
*  Overload data to specialist engineers

Conclusion:

Improve:

*  Extract & structure vibration manual data.

* Implement tools with calculations.

*  Create notifications with resume
of equipment to analyze.

* Includeisolation forest (unsupervised model)
to monitor process conditions.

*  Migrate technical documentation at
accessible repository (not done yet)

Control:

*  Keep and supervise what manual data is
update on SQL database

*  Keep and supervise the isolation forest with
reliability and process engineers

\

( Vibrations spectrum of criticalmachines

Step 1: Pruftechnik data

Python to transform data
& categorize

9! ! lsee

. . Data —
:Iaell;ualwbratlon * :10;,:,1,:‘2)[?:@ » ﬂ; »@ »

Vibration data by frequency band
Data on SQL server

14,940 thousand different
tags of vibration

409 different equipment

The focus was on reducing the time required for each analysis and preventing overload

Step 3: SEEQ anomaly detection & Man Vib. Now with Process Data

! (1T

(L ke ol U]

e

Anomaly|. .=
detection| -
o models|
—|Seeq B
Easy Scale Via
connection Asset tree

Use categorize to create asset tree of all
equipment with manual vibrations

/

Equipmentin asset
tree are monitored
using manual vibration
and operational data

New Add-on which
identifies lead
contributing variable
causing the anomaly

Step 2: Create PowerBl|

¥

Power Bi: Vibration trends by
frequency band

\_

s w
Step 4: Notification
by teams

Soiip

Notify on teams daily
using Webhook

7

s ~
Step 5: Ai to quickly

i -
=%

Find quickly equip
specs, recent failure, all
documented on
SharePoint

Indispensable Chemistry - ‘ - .
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Analytics in Every Hand. Impact at Every Level.

Thank You to the Leaders & Team
Supporting!

The Entire Maintenance
& Reliablility team

Digital x IVEX x Sustainability

AN
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