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Predictive Rotating : Project Initiative charter

Objectives
Margin Q@ Equip with new data driven for
e » Avoid margin lost linked to unit unplanned failure é advanced digital better decision
(@) Cost , , @’b tool making
« Limited maintenance OpEx and CapEx thanks to failure
prediction and consequent minor intervention required
Business problem/ pain points i )
p pain p Less time Keeping us

E + Reliability of monomer recovery compressor 6/> spent on o\?KO

Vibration analysis on critical rotating machine without manual work 0/6‘\0 connected
advanced predictive algorithm

Requirements Proof of Concept Implementation Go Live

2018

Data and failure events assessment
Predictive model training and back testing
Dashboard test and model fine tuning

Evaluate solution
identify vendors
Tender preparation

Build business & technical requirement
Set scope : critical rotating machine
|ldentify key processes impacted
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Predictive Rotating : Project Initiative charter

Sensors Groups On & Around Equipment

Equipment
Boundary

Upstream A
Process Sensors &=

Input process parameters

Output process Parameters

« Pressure « Diff pressure

« Density « Temperature

« Valve position « Valve position
« Flow rate « Flow rate

+ Input Process
+ Machine

« Output Process

Bearing vibration:
TOO LATE

Machine Parameters IWe are here
« Vibration

» Temperature
« Axial moves
« Electrical absorption

P Much Earlier

Detection

Extra Lead Time

Current Solutions
Short Lead-time

Alarm Tri)
Wigh SRS

1
1
1
i

To Make Good
temporal, multi-variate signals Decisions

across time & many sensors

humans cannot do this

C1- 04 Predictive rotating machines : Overview

and react like humans.

Early artificial intelligence
stirs excitement.

é H !

MACHINE
LEARNING

DEEP

LEARNING
DA DA
DA

e i I | | [ | ! [ |

1950's 1960's 1970's 1980's 1990's 2000's 2010°s
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Artificial Intelligence (Al), Machine Learning (ML), Deep Learning (DL)

Artiﬁcial Inte“igence (A')is an area of ¢ fmsciemme ' Ei2hs the craation ofintelligent ehines thatwark: connect import combine analyze present

Install Mtell &
Connect to Data
Sources

Import Data
& Validate

Create, Tune &
Deploy Live Agents

Monitor & Manage
Asset Health Workflows

Email Alert

L & ui .
ﬂs w ot > Hidden Failures

Work Order
History @ Failure Agent Work Order

Mtell View

' Honeywell

Import Historian Data i € Anomaly Agent
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Machine intelligent Prediction : Information Flow

Machine Machine Learning Algorithm Action
I I | Failure Agent [
l l l l
\ e //
| | Rl e @ - By e
| | | | ERP
l l l Bearing \l\/ﬂviianical @ Bearing m l
I I I = | —
l l l ! P
| | | [
| [ I Baseline I EEE
I I I | i e | _ !
l l l
—
I I S |
' : Anomaly Agent [
I m m ! = | Trip Level
l ‘ l well | l
| |  Honeywell | |
I I I / _ A I
[ [ [ Alarm Level Process variable |
. I
Temp I I I T | l
TR T .." ¥ l
Pressure : : : wlotudh iy J ! |
Flow I I I |
Level | | : Normal Operating Range Predicted Value I

Vibration . . . : ‘
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ID Plant juipmentN(FL Description
T/A| 1|DCC 31K002 DCC-31-31K002 -KO1 Wet Gas Compressor
T/A| 2|DCC 33K001 DCC-33-33K001 -KO1 Light Ends Gas Compressor =
3|DCC 34K001 DCC-34-34kK001 -KO1 C3 Refrigerant Compressor
41DCC 34K002 DCC-34-34kK002 -KO1 Heat Pump Compressor
S|ETP C3101 HOT-31-C3101 Cracked Gas Compressor
6|ETP C4401 CLD1-44 -C4401 Ethylene Compressor
7|ETP Cc4601 CLD1-46-C4601 Propylene Compressor
T/A| 8|RDCC 53K001 RDCC-53 -53K001 AirBlowerPackage(w/MTR)
T/A| 9|RDCC 53K101 RDCC-53-53K101 Wet GasCompressor(w/TBN)
T/A| 10|RDCC 58K001 ERU-58 -58K001 Light EndGasCompressor(w/MTR)
T/A| 11|RDCC 58K401 ERU-58 -58K401 C2 HeatPump/Refrig.Compressor(w/
T/A| 12|RDCC 58K501 ERU-58 -58K501 C3RefrigerationCompressor(w/MTR)
13|PRP K7401 C42P-74 -K7401 -CO1 Refrigerant Compressor
14{EBSM 03K001 EBSM-03 -03K001 -CO01 OFF GAS COMPRESSOR
15(LTU 23K001 LTU -23 -23K001 LC PROPANE COMPRESSOR
T/A| 16|NTU 12K001 NTU-12-12K001 12K001 COMPRESSOR LOCAL CONTRO . .
17lveon  |30k001a  |vGoH-30-30K001A Make up & Recycle Gas compressor H Igh margin lost
18|VGOH 30K001B |VGOH-30-30K001B Make up & Recycle Gas compressor
19|PP 40K010 PP -40-40K010 LC TOP COMPRESSOR .
20|PP 90RN10 PP -90-90RN10 Agitator T/A CyCIE EXten5|on

_l S Machine selection concept Bad actor DEM case IRPC unplanned Shutdown high
T_(s, margin lost and critical machine impact T/A Cycle extension.

Principal Predictive maintenance
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Self Implement : 2020-2021

I Action plan 2020 @ Reliability and Asset Integrity &) Equipment integriry
O Digital & Technology: Rotating Predictive Maintenance

8 Critical Machine Finish

7 R A The Way Forward 2020-2021
Activity 2020 2021

Predictive Rotating

1. Critical Rotating Machine
1.1 Daily monitoring of rotating machine gonditiop.
1.2 Create new failure model\when machine shutdown.

1.3 Internal know how development on crijtical rofating machings failure. (Team learning)

DCC EBSM ETP LTU NTU PRP RDf T VGOH
q 4 1.4 Decision making required|wher] early warning comes out.
31 Machine 2019 Finish 100% 9.5 Y
49 Machine (RDCC) Critical Expansion Rotating 526 Machine 2020-2024
Roll out 2020 , A S 2021
( 80 ) 2.1 Tag List Selection & Data Historian 2020
2.2 Model Building Early Detect Anomalies
Finish 267 Machine 2020 | x
Finish 308 Machine 2021 [ [
Essential
(526) P
s gs . i
Predictive Rotating
. Alert Early .
- | Detects Inappropriate No Damage
' § Upstream Operation
 anaiysis [N Balance of Plant @ ¢
: ’ Condition Monitoring ( Vibration Analyzer )
i Do No Harm Avoid extreme damage Avoid the unplanned maintenance

completely

Successfully detected all unplanned events.
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Chemical “e

Self Implement : 2022-2023

Piot PL.SA, LB PW , TP
cfcYorcYo e
RE. OL ., RC ABS1, ABS2, CCM,

HD, CDI1, UTl, CP

2022 Implement Machine Learning 2023 Implement Machine Learning
Model 139 Eq Area ABST, Model 120 Eg Area Complex PW, TP
ABS2, CCM, HD, CD1, UT1, CP MA Al iPredict platform

@ & P

Alert Early ' Da
Detects Inappropriate : No Damage
Upstream Operation

@ @ @

Bearing vibration:

TOO LATE
Much Earlier P

Detection

Extra Lead Time
—

<3 To Make Good Current Solutions

temporal, multi-variate signals Decisions shodbegd-Wne :

across time & many sensors Do No Harm Avoid extreme damage Avoid the unplanned maintenance
humans cannot do this ... completely
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© Failure and Anomaly Prediction Live Monitoring Data Every 1 Hr.

Machine Learning Agent Latest Result Probability Date Alert Probability
Auxial Vibratiom Motor - Failure Agent-[D...  Mormal 05/19/2022 10:23:48 AM
Lube Oil Loss Efficiency - Failure Agent-...  Mormal 05/19/2022 10:23:48 AM
Process-Anomaly Agent - 31K002 Nomal 05/19/2022 10:23:48 AM I
Motor Valve- 5G: VALVE - Failure Agent ...  Mommal 05/19/2022 10:23:48 AM I
Vibration Compressure Drive End Proble...  Mommal 05/19/2022 10:23:48 AM .
Vibration Bearing Compressor Non Driv. .. Normal 05/19/2022 10:23:48 AM .
Axial Trust Bearing Sensor Problem - An...  Normal 05/19/2022 10:23:48 AM .
Bearing Compressor Vibration Problem Normal 05/19/2022 10:23:48 AM .
Compressor GearbOX Bearing Gearbox Vibration Problem Mormal 05/19/2022 10:23:48 AM -
Asset Performance Momal 05/19/2022 10:23:48 AM

Motor Problem - Anomaly Detector - DC_.. Normal 05/19/2022 10:23:48 AM

: ) 1 )
_ L !
— 4 R | lm
' Compressor Problem V1 - Anomaly Dete...  Nommal 05/19/2022 10:23:48 AM
_ l . Lube Oil Loss of Efficiency - Anomaly De...  Normal 12/04/2020 8:18:57 AM
Gearbox Problem Momal 05/19/2022 10:23:48 AM

6425 RPM Vibration Sensor Problem - Anomaly Det...  Normal 05/19/2022 10:23:48 AM

PROJECT UNIT
WET GAS COMP DRESSOR-RAND 3MW8-6

Discharges ST1 4.36 Bar Discharges ST2 16.7 Bar
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@ Failure and Anomaly Prediction Live Monitoring Data Every 1 Hr.

Machine Learning Agent Latest Result  Probability Date Alert Probability
Lube Qil Loss Efficiency - Failure Agent-.. Normal 05/19/2022 10:23:45 AM
Lube Oil Gearbox and Motor Problem - __. Normal 05/19/2022 10:23:48 AM
Lube Qil Temp Gearbox and Moter Probl...  Normal 05/19/2022 10:23:48 AM
40K010 - Anomaly Detector - MOTOR Normal 05/19/2022 10:23:45 AM
40K010 - Anomaly Detector - GE/MOTO...  Normal 05/19/2022 10:23:45 AM
Compressor Process Problem - Anomaly...  MNormal 05/1972022 10:23:48 AM
40C010 Process Problem - Anomaly Det...  Normal 05/19/2022 10:23:45 AM
40K010-5G: Winding Temp-Anomaly Ag...  Nomal 05/1972022 10:23:48 AM
40D011 Process Problem - Anomaly Det...  Normal 05/19/2022 10:23:45 AM

Motor 2500 kw Compressor
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Predictive Rotating : Dashboard Status

Process Safety Rharip

154

112112

88 88 88 33 82 3 73 .
48 51

Complex PL Complex SA Complex RE Complex OL Complex LB Complex RC Complex TABS Complex PW Complex TP

All Equipments Related

Unit Oppo rtunity Tag Import Model

Com plex Machine Equipm ent Tag Mapping By Maodel Type

Loss Mapping Dataset Created

1 Com plex sanp  3OPOOLA- SANZ-30PO01A- o RicAL PUMP  Unit30 Pichet Jasrichai View  Pichet Jasrichai Finish Finish Finish Finish Machine- Com plete
TABS PO1 PO1 Process

2 Com plex sanz  20POOLE- SAN2-30P001B-  \epricaL pUME  Unit30 Pichet lasrichai Pichet Jasrichai Finish Finish Finish Finish Machine- Com plete
TABS PO1 PO1 Process
Com plex 30P0OO1C- SANZ-30P001C- Machine-

3 P SANZ VERTRICAL PUMP Unit30 Pichet Jasrichai Pichet Jasrichai Finish Finish Finish Finish Com plete
TABS PO1 PO1 Process
Com plex SANZ2-32M201-

4 TABSp SAN2  32N201 RNO1 AGITATOR Unit32 Theerayut Phonrut View Theerayut Phonrut Finish Finish Finish Finish Process Com plete
Com plex 35K501- SANZ2-35K501- SCREW . Piya Sanewong Na . Piya Sanewong Na . | . . Machine-

5 P SANZ Unit35 View Finish Finish Finish Finish Com plete
TABS co1 co1 COMPRESSOR Ayutthay Ayutthay Process
Com plex 37A701- SANZ2-37A701- SCREW Machine-

6 P SANZ Unit37 View Som bat Bangkaew Finish Finish Finish Finish Com plete
TABS AO1 AD1 COMPRESSOR Process
Com plex 37A701- SANZ2-37A701- Machine-

7 P SANZ Unit37 Som bat Bangkaew Finish Finish Finish Finish Com plete
TABS co1 co1 Process
Com plex SAN2-38A801- Machine-

8 P SAN2  38A801 Unit38 Som chai Vonglikit View Som chai Vo nglikit Finish Finish Finish Finish Com plete
TABS ADL Process
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Predictive Rotating : Alert Case Report 2019-2022

Chemical "

Predictive Rotating Alert Dashboard A Alert 58

1

Complex PL

3 e

Complex RE Complex OL

7

Complex RC

.

IRPC 4.0 O4-Predictive Rotating Success Case Complex TABS

Item Alert Date Plant Machine Alert Name Failure WorkOrder Maintenance Cost Report By Alert
Mode (Baht) Status
1 4/10/2020 SAN2 32N201 [SAN2-32N201-RNO1] - Failure Agent - Fouling Theerayut Closed
11:54:00 PM Problem 20 Days Phonrut
2 08/01/2022 SAN2 30P001A- Cooling Tower Sensor Problem - Anomaly Detector - Pichet Jasrichai el
3:00:00 AM PO1 SAN2-30C001A-CO1

{0t Chemical Process Safety Sharing (CPSS) - . \
(5t Sep, 2022, Thailand 2.SCGC O GC irrc \mm,,

3 15/3/2022 SAN3 47A701A [SAN3-47A701A-C01] - Anomaly Detector - Charnyuth
12:31:00 PM Compressor Sensor Problem Anukul
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Inspection Highlight: Wet Gas Compressor

Topic/ Content : DCC-31K002 Gearbox Problem - Anomaly Detector

Area : DCC
Sensor Treﬁt_i = Legend
D W M 3M ©6M
70
o Warning Anomaly
: : |
o
= Rl ey Eniis S -
o
1
b E—
o Feb 11 2021 Feb 15 2021 Feb 15 2021 Feb 23 2021 Feb 27 2021 Mar 03 2021 Mar07' 021
- TI3108111.PV ~—TI3108113.PV 11!'0.1;)2-; —*nsqoa;—';._v-\-r —*nsro;l-o;_w ¥ ,-;1- Y
TIS108116. PV ~=TIZ108114.PV TI3108105.PV —— TI3108907.PV TI3108104.PV TI3108103.7
Sensor Trtfep_i Legend
D w M 3M 6M
70
o)
= O
o
) §
e E— )
%0 Feb 11 2021 Feb 15 2021 | Feb 15 2021 Feb 23 2021  Feb 27 2021 Mar 02 2021 Mar 07 O

- TI3108111.PV — TI3108113.PV
TI3108116.PV =~

TIZ108414.PV

~ TI3108102.PV - TI3108115.PV — TI3108106.PV
TIZ108105.PV == TI3108107.PV TI3108104.PV

10t Chemical Process Safety Sharing (CPSS)
15t Sep. 2022, Thailand

#SCGC oaGT

Detail : 31K002 WET GAS COMPRESSOR DRESSOR-RAND 3MW8-6

,_1‘,\_1 _ )

1500 RPM

6425 RPM

Root Cause / Possible Cause : Oil Cooler Loss of Efficiency
4 March 2021 3:02:00 PM Found temperature gearbox trend increase
-TI3108111.PV GB_DRIVER_DE_BRG_MTL_TEMP_1

-TI3108113.PV GB_DRIVER_NDE_BRG_MTL_TEMP_1

Mitigation :
K. Prasopchock Wiwek Plant DCC corrective action Program Prediction Sensor Anomaly
Detection alert for Back flush cooler lube oil 31K002.

Gearbox temperature trend decrease from 59°C —53°C to normal operating condition.

—

irPC  Nmoon



Inspection Highlight: Top Gas Compressor
Topic/ Content : Lube Oil Loss Efficiency - Failure Agent - PP12-40K010 _

Chemical -

Area : PP Detail : 40K010 TOP COMPRESSOR PP Plant Unit 40
Sensor Trend :
D W M 3M 6M

& Warning Anomaly

M Legena

65

Aug 08 2021 Aug 22 2021 Sep 05 2021 Sep 19 2021 Oct 03 2021 Oct 172021 ‘
— PP_TI400314.MV — PP_TI400320.MV PP_TI400321.MV PP_lI400305.MV — PP_TI400318.MV PP_TI400322.MV P_TI400315.MV Motor TOp Gas Compressor 2500 kw 3000 RPM Unit 40
= PP_TI400319.MV — PP_TI400313.MV — PP_TI400324.MV PP_TI400327.MV — PP_TI400328.MV - PP_TI400326 .MV PP_T1400316.MV| |
PP_TI400317.MV — PP_TI400325.MV PP_TI400323.MV ‘ Gearbox and Compre550r 10434 RPM

| Root Cause / Possible Cause : Oil Cooler Loss of Efficiency
26 October 2021 1:02:00 AM Found temperature gearbox trend increase

Sensor Trend Ziww | - PP_TI400314.MV GB_DRIVEN_DE BRG MTL TEMP_1

D W M 3M 6M . - PP_TI400320.MV GB_OIL _MTL TEMP 2
® 2022-01-06 22:02:00

= PP_TI400314.MV 65.03 { Mitigation o

= PP_T1400320.MV 67.49 3 s B aaia A

Information alert to production check plant operating condition and maintenance team
for check machine condition. Inspection check oil property normal and oil temperature
of oil cooler B inlet 75.2°C outlet 65.8°C

-Machine can operate in normal condition. Compressor and Gear Oil temperature trend
decrease to normal operating condition.

== PP_TI400314.MV =~ PP_T1400320.MV PP_TI400321.MV PP_l1400305.MV PP_TI400318 .MV Pr_TI400382 MV PP_TI400315.MV = PP_T} 19.MV PP_T1400313.M¥
— PP_TI400324.MV PP_TI400327.MV PP_TI400328. MV ~— PP_TI400326 MV PP_TH400316. MV PP_THOOR7.MV ~— PP_TI400325.MV PP_TI409323.MV

| - oma
{0t Chemical Process Safety Sharing (CPSS) o .
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IRPC 4.0 Predictive Rotating Success Case : HSU-51K002 [HSU-51K002-K01] - Anomaly Detector - Blower Problem Success Case #13

uanisasyrasay (Result Alert) Link 3

e

asuAla (Solutions)  Attach File

1/12/2021 5:12:00 PM Found vibration sensor RDCC_VI5150301.PV -gfiunnsvin Field Balance zhoina3uii 26/2/65 -1aals Weight 2 dunia éuwia w7 3

RDCC_VI5150302.PV of blower trend increase. =30g 65avenuay luil 4 =859 98 asan -wavanniiu Start up ww3asinsiiadnean Vibration
u&avin Balance wawuinan Vibration aaasain 3 mm/s wmda 0.49 mm/s A umis Blower
Drive End uavsnunis Blower None Drive End amnadain 1.9 mm/s wmdawias 0.3 mm/s
-aqlaradlulnasidné

uiannurts [REVIRETVINCY]
5

naunsuAla

D W M 3M &M

Legend

—
(=— N
| ———

| VA A—

Jul 132021 Jul 12021 Jul 202021 Jul 252021 Jul 29 2021 Aug 02 2021 Aug 06 202§ Aug 10 2021 Aug 14 2021 Aug 18 2021 Aug 22 2021]

loq 14 2021 Dec 05 2021 Dec 262021 Jan 162022 Feb 06 2022 272022 Mar 20 2022 Apr 102022 May 01 2ﬂ22]

== RDCC_W5150301.PV == RDCC_VI5150202 PV

Vibration trend increase at blower

- RDCC_WIS150301. PV — RDCC_wis150302 PV

astwaaanavin Field Balance dnatlunasilng

Issue By - Sombat Bangkaew Approve By - Theerayut Phonrut 11/05/2022 Item 13
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Inspection Highlight: Reactor Warning Fouling Problem

IRPC 4.0 Predictive Rotating Success Case : SAN2-32N201 [SAN2-32N201-RN01] - Failure Agent - Fouling Problem 20 Days Success Case #1
uan1sasAday (Result Alert)  Link 38msuAlu (Solutions)  Attach File
4/10/2020 11:54:00 PM Model Process Fouling asadusausiu K. Wiroj Namhom Taans Forecast shutdown SAN2 @ Temp.diff Faya31n K.Wiroj Namhom Model forecast $uit 23/10/2020 Temp. diff Reactor azdulilagii 25 C valsiadzy plan shutdown
Reactor 25 C ¢ Model Machine Learning 12l Dataset Failure On September 29,2019 clean fouling fewdeanafi SAN2 Shutdown wia Clean Tube Reactor widaann Startup plant Temp.diff Reactor

SAN1_2_TDR320101.PV trend amasilné

siaumsusdly 19:51:13, 212.597 uasmsunly

|SANZ_SINROTERNOT] S Eailure Agents Fouling Probiem 20 Days-Model 3 | SANRESINZDTERNOT] S EaiureAgents Fouling Problem20Days-Model 3

. : : Machine was normal after clean tube inside the reactor.
Warning Fouling Failure Agent On October 9, 2020

-IL("\-—- T i T TS U )
Warning Fouling Failure Agent On October 9, 2020

*—-l—_-—ﬂ_’—_-—.—__ - r—-—.—r—v
_ —! . 1008 ' ! = . -,

-ﬂ———b—-——-—h—-—n————-—————-—
El

A BTN ——— T ——
— -

A5 oes 2N e TN aynu. 450nu 22900 1.8Un 8'5un. 158un. 22 Sun

% CrnmaNan *ﬁme
Warning Fouling Failure Agent On October 9, 2020 Machine was normal after dean tube inside the reactor.

J lIITI i Aug

Issue By - Theerayut Phonrut Approve By - Numpol Choonhapan 23/11/2020
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Chemical s

Process SafetyQhari

Benefit

Loss from Equipment

2015 2016 2017 2018
Equipment Description Plant
SD day|CM Loss |SD day |CM Loss |SD day|CM Loss |SD day|CM Loss
34K001 C3 Refrigerant Compressor DCC 0.96 8.05
34K002 Heat Pump Compressor DCC 0.01 4.9
C3101 Cracked Gas Compressor ETP 4.27 40.6 0 0.19 3.45 0.32 5.35
C4601 Propylene Compressor ETP 0 0 1.92 38 0.85 6.25
53K101 Wet GasCompressor(w/TBN) RDCC 0 0 0 0.47 28.3
03K001 OFF GAS COMPRESSOR EBSM 0 1.9 9.8 0 0
30K001A Make up & Recycle Gas compressor [VGOH 0 0.3 2.45] 0 0
30K001B Make up & Recycle Gas compressor |VGOH 0 0.9 3.15] 0 0
90RN10 Agitator PP 0 0.5 4.9 0 1.04 3.64
5.24] 53.55 3.6 20.3 2.1 4145 268 43.54
Average/year 10.2195 5.63889 19.6445 16.2463

51.7492 M Baht 4 Year
12.9373 M Baht Per Year
0.40429 M US$

OPS-04: Predictive Rotating Prevention Critical Machine Unplanned Shutdown
Benefit 12 MB Per Year

10t Chemical Process Safety Sharing (CPSS)
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Process Safety

Chemical "

Predictive Rotating : Digital Transformation

8 B8 —°r

Alert Early

DY

Avoid extreme damage

No Damage

v

Avoid the unplanned maintenance
... completely

Detects Inappropriate
Upstream Operation

P—
7 -

Do No Harm

Lzan ol B3l L j—‘f Live Anomaly Failure Agent (070 Auto Adapt Implement

Build Anomaly Agent

- NWAAWS SWay VisuU oidow rWUSIuu 93l BIsn
: : o oy : Wowadwshidnin doasasaliasin WiV
NDIVIDUAL Resur- Promise CONTINUOUS Do THINGS CTIVELY SOLVE
OWNERSHIP ORIENTED AND DELIVER IMPROVEMENT TOGETHER Nosus THE PROBLEM

10t Chemical Process Safety Sharing (CPSS)
15t Sep. 2022, Thailand
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DI your attention
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