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WestRock's Mill Analytics Project
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Mill Analytics: Vision & Overview

In once sentence: Accelerating the time to actionable insights —:@

Improving operational agility towards:
« Variability reduction

* Energy consumption

. : : Exponential Digital
Margin expansion Evolution of —Business
Innovation

* Improving knowledge capture with a standard platform  Technology

* Increasing access to disparate data systems

« Automating repetitive analyses and reporting

Linear Business
Innovation

* Housing advanced analytics in one location
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Mill Analytics: Vision & Overview

Foundation =~ Visualize

Data is foundational a
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Mill Analytics: Vision & Overview

Foundation | Visualize

Our work is foundation focused

Control Loop Pl Asset L oop Tunin \
Audit | Framework P 9
Pl Audit

Data HarmonizatioN

~ Data is Foundational
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Mill Analytics: Vision & Overview

Top layer focus
P 1ay Al

al
Lea S

Q

ons

Cor ) Tuning
M nization

Data is Foundational
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Mill Analytics: Vision & Overview

Notifications
(@ osi-. &

Event Frames
Honeywell

Asset
Analytics

PANTHER (7 Asset
Framework

Data

Archive

MAJIQ
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Mill Analytics: Vision & Overview

Raw time-series data is stored in the Data Archive

(‘
Sheet Break Status
© -
Data Motor Load
Archive
Level
.
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Mill Analytics: Vision & Overview

Meta-data stored in the Asset Framework

/@ SAP Number

(=] Upper & Lower Limits/Targets

\@ Location
Raw time-series data is stored in the Data Archive
@ Asset ~
Framework Sheet Break Status
© -
Data Motor Load
Archive
Level
.
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Mill Analytics: Vision & Overview

E

@ Asset
Framework

Data
Archive

11

7 Covmgton

Bleach Plant

Build relationships

between assets

Chemical Recovery

m Evaporators
v Recausticizing
7 Recovery Boilers
WL Gain/Loss
BLS Burned MTD
& SAP Number

Build templates for
similar equipment

Build analysis for
more information
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Mill Analytics: Vision & Overview

i Power Boiler 6

Build real-time
Hourly Energy Production  analytics on

templates...
Efficiency

i Power Boilers

O

Asset Analytics

@ Asset ...and roll it
Framework

© @ Total Energy Production up to the site

Data Average Efficiency

Archive
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Mill Analytics: Vision & Overview

I—I Batch Digesters
| .
Event Frames / I_I Downtime
External Systems

Asset Analytics User defined . ﬁ Aufomation
@ Asset AI*!X_E?W
Framgwork TriggerS: o o 2evs > SIEMENS

: W H n
Data . | ;ﬁb‘w oneywe

Archive
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Mill Analytics: Vision & Overview

Foundation | Visualize Analyze

== Sheet Break
@ / I
Notifications

g Notification
= v
Event Frames

0 Subject Paper Machine C1isin a | OFF REEL:Value At Send Time state as of ) -)Iﬂ
Asset Analyt|cs Attachments Test Send «

Attention!

@ Asset
Paper Machine C1 is in an| OFF REEL:Value At Send Time| reel state as of | Notification Rule:Send Time

Framework

IQ Sent By: Covington Pl Notifications System
Server: AF ServerName
Data

Archive

14 Z WestRock




Mill Analytics: Vision & Overview

a Pl ProcessBook Pl Vision

O Pi Vision

CURRENT BLOWS

S 116 30 86
A D C
Blow Tnk %Sm; ;Emsz %
Consis  3.34 3.72 3.60
Rate
TDS

cond 642 2086 1150
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Mill Analytics: Vision & Overview

Microsoft ™
£ R u ENVOY (&) Sight Machine

Development

11 Minitab =rI—eo

S WY T
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Mill Analytics: Vision & Overview

[y

!

17

,\?,\/ Sight Machine

L
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Foundational progress at WestRock
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Foundational progress at WestRock

\

! \

Enterprise-wide Pl AF
Pl AF installed across company development started
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Foundational progress at WestRock

Enterprise-wide effort

[ Canada
United States

l

20

More than 250 manufacturing
facilities, design centers,
research labs and sales offices
Located in 30 countries
39,000 employees around the
world
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Foundational progress at WestRock

Enterprise-wide effort: starting at our production facilities = large undertaking

R4
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Foundational progress at WestRock

Enterprise-wide effort: starting at our production facilities = large undertaking

Solo remote effort
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Foundational progress at WestRock

Reduce and distribute workload
Automate tasks

TRH 1 PM1 and PME TPH.1ot

TPH2 26-CH-5152TPH 5 T — Nama -
TPH3 51 AND 52 PROD MX Hodge Hodge Element Parent-Child
Good Tons (Curment) M Total Good Tons - Ne Modge Putp Mil Element Parent-Child
Good Tors (Prev PM TOTAL GOOD TONS Hodge\Pulp Ml Blow Tanks Element Parent-Chid
& Hodge\Pulp Mill\Blow Tanks AJC Roclaim Tank Level Element Parent-Chid
Leval Hadge!Pulp Mll\Blow Tanks\A/C Reclaim Tank Level Gain Atribute WNTASD Single P Point
Inventory Haodge\Pulp Ml Blow Tanks\A/C Reclaim Tank Lovel Imtegral Artribute WANT450 Single P Point
Pumgp 1 (East) FhodgePulp Ml Blow Tanks € Line Blow Tank Flew Element
Bump 2 (West) Hodge\Pulp Milf\Blow Tanks\C Line Blow Tank Flow C-Blow Tank Flow Output Atribute VINT4S0 Single  P1 Paint
Agitator 1 (East) Hodge\Pulp MilfyBlow Tanks\C Line Blow Tank Flow C-low Tanik Flaw Mtribute VINT4S0 Single  P1Paint LIS gal/min

Hedge\Pulp MIl\Blow Tanki\C Line Blow Tank Flow C-Blorw Tank Flaw Setpoint Anribmte VANTA50 Single PiPaint LS gal/min
Hodge\Pulp Mill\Blow Tanks C Line Blow Tank Bulk Dilution Element Parent-Child
Hodge\Pulp Mill\Blow Tanks\C Line Blow Tank Bulk Dilution Gain Attribute. WANT450 Single P Point
Hadge\Pulp Mll\Blow Tanks\C Line Blow Tank Bulk Dilution  Integral Anribte TANTASD Single
Hodge\Pulp Mill\Blow Tanks\C Line Blow Tank Bulk Dilution € BLOW TANK DL valve output Attribute: WANT450 Single
Blow Heat Cond Conden Modge\Pulp MIll\Blow Tanks\C Line Blow Tank Bulk Dilution € Blow Tank Dilution Process Value Atribute VANT4S0 Single U gal/min
Rlowheat Inlet Tempara HodgePulp Mill\Blow Tank\C Line Blow Tank Bulk Dilution C-Blow Trk Diution Flow Dutput Aribute WWNTASD e %

Hodge\Pulp Mill\Blow Tanks\C Line Blow Tank Bulk Dilution  C-ow Tnk Dilution Flow Attribute VANT450 Single S gal/min
Hodge\Pulp Mill\Blow Tanks\C Line Blow Tank Bulk Dilution C-Blow Tnk Diution Flow Setpaint Anribute AANT450 Single LS gal/min
Haodge\Pulp Misl\Blow Tanks\C Line Blow Tank Bulk Di € Blow Tarik Dilution Pump Atribute. WANTA50 Single it %FLA
Hodge\Pulp MINBlow Tanks\C Line Blow Tank Bulk Dilution € Line Blow Tank Bulk Dilution Flow 09 Attribute: WANTASD Single %
HodgePulp Mill\Blow Tanks\C Line Blow Tank Bulk Dilution C Line Blow Tank Bulk Dilution Flow PV Atribute WANTA50 Single LS gal/min
Haodge\Pulp Mill\Blow Tanks\C Uine Blow Tank Bulk Dilution  C-low Tnk Dilution Flow Gain Attribute WANTASD Single %
HodgePulp Mill\Blow Tanks\C Line Blow Tank Bulk Dilution C-Blow Tnk Dilution Flow Integral Attribute WANT450 Single min
Hodge\Pulp Mill\Blow Tanks\C Line Blow Tank Bulk Dilution C Line Blow Tank Dilution Pump $tatus Anribute WANTA50 Single
HodgePulp Mill\Blow Tanks € Ling Blow Tank Bulk Consistency Element
Hodge\Pulp Milf\Blow Tanks\C Line Blow Tank Bulk Consistency Gain Attribute WANT450 Single P Point
Hodge!Pulp Ml Blow Tanks\C Line Blow Tank Bulk Consistency Integral Anribute VANTAS0 Single P4 Paint

i C Line Blow Tank Bulk Level Element Parent-Child

Li-PU1-3¥3 | LM UPErSTIONE! STATE Li-FiL-5 15 | LM-NOTUCWR.PHUAR- TIML
13-PB1-5YSTEM Operational State 13-PB1-5YSTEM-NOTOOWN-ROLLLSM-TIME
13-PR1-SYSTEM Operational State 13-PE1-5YSTEM-RUN-ROLL1SM-TIME
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Foundational progress at WestRock
oo | s | e

! \f \

_ Enterprise-wide Pl AF
Pl AF installed across company development started Pl Vision dashboards

2019
Q4
Sight Machine

AF databases created analytics
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Foundational progress at WestRock

Visualize

Foundation

Analyze

ﬂ Covington -
(3 Bleach Plant | v B - S O Pl Vision
[ Chemical Recovery Define Trend X @ Assets
Chemical Additive System General Display Format Trace Format Layout v =
Paper Machines ot Hame:
& c1 Flot-0 d New Plot Delete Plot
- (3 Additives Search in Pl System
- (5 Air System Server :
(- (G Broke System [T in RkA3 =l - [pu-3701 v v & 310
i @ Calender | v = 3701 to Cloud
...... [ Coaters Tag Search I:I
[~ (J Dryer Section £ Covington Mill
...... 5 Effluent Custom Flaceholders £ Environmental
[+ (F Filtered Water System B Notcstions
[#- (F Forming Section e
[ (§ Headbox Scale ® PI1-3701
...... () Lab Tests (@ single Scale O Muttiple Sc&\es Logarithmic
[H- (F Press Section ot .
...... & Production Status Attributes
...... ﬂ QCS Format:
""" & Reel Flot Time
g g z:: Pr;ssbe Start: | -8 Hour - Style: |Full time stamp p
am System —_—
...... & Winder ] S
[H- (F Pulp Mill
[H- (F Utlities
[ (F Waste Water Treatment
-:- Cancel Help
[ (F Woodyard -
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Visualization progress at WestRock
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Visualization progress at WestRock

Foundation

Visualize

Analyze

Increased visibility of pertinent data for the demineralizer plant

27

#1 Anion

Filter

|/ * /% R|Name

=} Category: Calculation

% | Caustichb per kgal

&7 Caustic Ib per kgal 30d Rolling Avg
4 | ¢ Mode Regen
1 Regen Cost MTD
4 | ¢¥ Regens Month to Date
4 | 47 Total Gallons per Run
% | ¢¥ Total Gallons per Run 30d Rolling Avg
= Category: Contamination
¥ Conductivity Dump Valve
= Category: Lab Values
¥ Conductivity-Manual Input
&F pH-Manual Tnput
&7 SiicaManual Input
=2 Category: Process Values
&7 Anion #1 SRY INLT Flow Total
&F Caustic Total Last
&7 Caustic Total Past
&F Conductivity
&7 Inlet Flow

&F Mode

kT gl_——l_l

ke =

I o=

Totalized Flow

Total Gallons per Run

25

1]

12/3172019 B:46:54 AM

123112019 B:46:54 AM

30d

© newDispiay | [1]

« Ad Hoe DI

Total Gallons per ... Regens Monthto Date  Acid Ibperkgal | Acid Ib per kgal ...

Asset A Regens Month to Date

#1 Cation 48.0

#2 Cation 340

#3 Cation 350

#4 Cation 36.0
stRock




Visualization progress at WestRock @

Foundation Visualize

Analyze

Created new brown stock washer KPI's and dashboard

Washer Line 2

Genersl Child Elements Attibutes Forts  Analyses Wotficabon Rukes Version

" ] Name: Dilutien Faetar

® B O E Name Backfilling ption O PI Vision New Display
(1] I #2 Washer Line Stopped Caregories:

Uine 2 Washing Cverview

(/] F Dwution Factor /] = —

(/] feo  Praduction Rate /]

- [

Name Expression

MatLiquormass

stency '}/ 'Mat Consistency

ShowerdaterMass I Rate <388 THEN @ Els

DilutfanFactor Hate'<390 THEN @ Els

Dilution Factor
WashRatio If "TPD Production Rate'<388 THEN @ Els¢

M55 AN

‘Wash Ratio TPD Production |

Ly
21132020 11:34:56 AM
=%
Evaluation Time: 2713/2020 11:35:20 AM  Last Trigger Time: 2/13,/2020 11:38:00 AM  Elapsec =
Scheduling: () Event-Triggered (@ Periodic pr—— prerre e
Period: D0h 02m 00s Configure
Now 211372020 11:34:58 AM
28
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Visualization progress at WestRock

Quickly determine outliers in the batch digesters thanks to Pl AF event frames

Digester Number 1 |
General Child Clements  Attributes Ports  Anadeses  Notification Rules  Version

i ™ Mami 8o Q) pivision

e | B G| B |Home Backhiling Description: [  Events Digesier Ewﬂl: I B : S
n Categones: P
9 = ek Bl B + Automaticay refresh the list Pressure (pei) X
[/ Steam pe...
@ = i =l 9 " Analysis Type: .
/I ] feo  White Lig._ [/ ® D14 2020-02-13 10:40
Create a new noli MU0 WA00SAM - ¢
* DOB 2020-02-13 10:00
Generation Mode: | Explicit Trigger // B D13 2gaag e
Pressure (psi) X
| Add, v | 120
Mame Expression ;
B Start trigepees 100
| StartTriggerl|'Digester Phase' = "STEAM"
B End tngger
EndTrigger |'Disester Phase' = "LOAD" OR "Digester Phase® = Altribute
= Cook
= Diges|
Scheduling: (@ Event-Tnggered ) Penodic

Trigger an | Any Input v = Proasurny: 29

= Relied Valve: 60 %

29
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Visualization progress at WestRock

Foundation Visualize

Analyze

Logic to determine reason for blade changes, count and calculate life cycles

Coaters
General Child Elements Attributes Ports ~ Analyses Noification Rules Version
& m Name: CT1 Blade Change
e B © B Name Backfilling e O Pivision © Newnispay | 11 | we
9 f® CT1BladeChange & Categories: @ PM2 Coater Blade Lie Cycles «+ Ad Hoc Dispiay
%  CT2 Blade Change
g ; g g Analysis Type: i
e PM2 Coater Blade Life Cycl
) f82__CTA Rlade Chonaa £} Oa er a e I e yc es

19.0
Add a new \xar\aa\e}

Name Expression Value at Evaluatio Value at Last Trigc O 1 89

CT1BladeChangeQuaTot EventCount('P2: 12 count 12 count

CT1BladeChangeGCLife if CTiBladeChan - - .

cripladechsngeccLifeavg |if Bom('*')="*'| 1349 a2 Asset Grade Change Avg Blade Life Sheet Break Avg Blade Life = Quality Avg Blade Life
CT1BladeChangeSBLife if CT1BladeChan - - ] Blade 1 8 19
CT1BladeChangeSBLifeAvg |if Bom('#')='#' 13304 13.304

Blade 2 10 20

CT1BladeChangeQualife if cT1BladeChan

CT1BladeChangeQualifeAvg |if Bom('*')="*" 22.463 22.463 P2 Blade 3 14

CT1iBladeChangeTot CTiBladeChangeG| 39 count Pcount | P2 Blade 4 12

Evaluation Time: 1/30/2020 9:14:30 AM Last Trigger Time: 1/30/2020 9:13:37 AM  Elapsed Evalu

Scheduling: (®) Event-Triggered () Periodic

Trigger on | P2Z:CT1BCU.PV v
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Visualization progress at WestRock @

Foundation Visualize

Soda balance calculations to indicate total inventory, digester potential, and
chemical usages live

ision

W §3
gTE g—l
i
B
13
i

Total MTD Caustic GPM Digester Potential
33,328 118.32
18 08 " pky 1.1 36047
18 O *ipky . -
A" e rubl ]
0.8 Then @ ;
t - i
Then @ EL 2
ol y )
t r Total Soda Inventory Tons NaOH 30 Tank MTD Overflow Mins
- 2,138.4 3,807.3
2 pued L
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Analytics progress at WestRock
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Analytics progress at WestRock

Sight Machine Communication Structure

PIAF  PIBI AWS SM
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Analytics progress at WestRock

Sight Machine Communication Structure
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Analytics progress at WestRock ’\0/
Sight Machine Out of the Box Tools

Data Visualization Descriptive Statistics Event Timeline Timeline Analysis

[ -
| ! | \ —_
A -
1 1 BV —_

= e I.f--'f‘.\
! = : ) A |
— o / _ \\ [ X
: 53

Correlation Heatmap Curve Fit Analysis Time-Series Correlation Statistical Process Control Variance Analysis
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Analytics progress at WestRock ’\O/

Curve-fit diagram analyzing 4 months of flow vs. controller output, indicates failing pump

RE Absorber Water Flow OP

ssssssssssssssss
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Analytics progress at WestRock ’\O\/

Foundation Visualize Analyze

(F Covington

Variance analysis on paper machine highlights worst performing control loops

( Chemical Recavery -

e G Paper il i C1: Control Loop Monitoring - Last 24hrs SAwiin
[P Chemical Additive Systen
[l (5 Paper Machines

o~ & C1
[ [ Additives
- (G Air Systamll
@ [ Broke Sys
[ (@ Calender
-~ (G Coaters
- [ Dryer Section
-~ (G Effluent
(- [ Filtered Water !
[ (F Forming Sectio

f-o\ SIOHT ’
O Pivision (0 Hating -

©  eutacmes

Stock Approach & Headbox

C1 Stock Approac

CY L
- (5 Headbox
Stock Appros e ¥ G
+ (G Lab Tests ) Retention Aid
G- [ Press Section Fmn Pump Spasd OF salfikd
(3 Production Stal
- ([ QCS 1 Stock Approach Tot Head'Fan Pump Lol
- (@ Reel
- [ Size Press a) n Mo 1 Hw Retr o 0
(-~ (F Steam System
5 Winder 1 Stock Approach Cons DN Prass Midmg OP 2,805 Mg ane
v ( C2 Agproach: Spare Ref Hpd'T (Sp To Prc) OP 04 e - - = =
i (P C8
- (@ Pulp Mil > Tl 51 4 4 €1 Heatbox: Dilution Recee Sio OP 4 1 48 e 21 05 ™
- [ Utilities ' |

- (G Waste Water Treatment
- (G Woodyard

B-E-E-R
-G

Forming Section
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Analytics progress at WestRock

Sheet Break tool performs variance analysis on 10-minute interval just before a

Foundation

Visualize

Analyze

recorded sheet break, surfacing possible cause of break

38

Elements

&
[

Element Searches
(.} Element Search Results 1

Elements @}:'::-"nu A ! 5 ATA
- () Bleach Plant i oy i
) Boilers G;'ﬂ:d;ﬂe 10 Machinies Sheet Break Analysis Plot
- :: C1 Grade # Information
o] 1.2 0411
Caliper
0 cs Speed, Ft/min
(J) ABB Data /I
WEP
() OFF_REEL DEP
(& J ON_REEL % Pine C8 Press Section: Smoothing Press Back
tee () SRM_OMREEL % HW
() Daily Reports <
% Broke
- 0 Emailie % HW from 5 HD
- Evadale e e—————
g | di Brightness - Wire
j Lngh_Qua ity_Audit_Count Brightness - Felt
- Mahrt i
Dirt
- (J) Optivision Folds
- ()| PowerHouse Cont - Wire ol
a Recovery Gont=Felt C8 Press Section: Couch Torque Act
() Switches
() Tanks JTI Cont.

ISYS Cont.

Diagnostics

Moan (Stoady-state window

5 window)

] 0238

ndy-state window) [}

Diffeconce in Varance (in Standaed Deviabons

Maan (Stnady-stale window)
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Analytics progress at WestRock ’\O\/

Foundation Visualize Analyze

Time-series correlation can identify unknown relationships and root causes

[ Covington =
- (3 Bleach Plant O i vision

t-- (§ Chemical Recovery (i3} PMZ Coater Blade Life Gy
—I-- () Paper Mil Time-Saries Correlat -
h)

n O Hac
(F Chemical Additive iG] P M 2 C = LGN
[ 5 Paper Machines 0

B @ C1 \ =

} Conulation Strength
H-- [ Additive
- [ Air Syst C s Lines ol

t-- [ Filtered
H- [ Forming
H- [ Headbo
----- [F Lab Tes
t-- (G Press 5S¢
(F Product
.....  Qcs
.....  Reel
i [ Size Pre
i (@ Steam S
----- [ Winder
- G 2
- G Ca
G Pulp Mill
- [ Utlities
-~ (J Waste Water Treatme
-~ [ Woodyard

Smoothnass
\

E
E
=

C2 Coaters: CT1 Time on Current Blade

3 o 3 g T )

a0
Time ¢
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Summary and Path Forward
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Summary and Path Forward

Ongoing progress developing AF across enterprise

41

Mill 1
Mill 2
Mill 3
Mill 4
Mill 5
Mill 6
Mill 7
Mill 8
Mill 9
Mill 10
Mill 11

e —— 49%
N 02%
I 100%

I 43%

I 41% m P| Tags Sorted or in AF
I 37 %

I 100%

I 45% m Estimated Total Pl Tags
I 42% Wanted
I 100%

I 338%
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Summary and Path Forward

Foundation

{Q’ Mill Analyties Project - Covington

General
(@ Mill Analytics Project - Hodge
@ Mill Analytics Project - Demopolis

. Agile Community Of Practice

{ﬂ} Mill Analytics Project - Florence

42

¥

Visualize Analyze

(a) General Posts Files Wiki Excel +

@ General

(] New (3 Upload @ Get link } Add cloud storage Qt':-nc-n in Sh

Pl Asset Framework
PDI Files from ¢

_ o _ Pl Sort
Pl Tags to Revie Milestone Description Assigned To Progress Complete
Additional Tag | Covington 21-Jan 30-May

Bleach Plant 100%

Chemical Recovery 100%

Paper Mill 100%

Pulp Mill 100%

Utilities 100%

Woodyard 100%

WTP 100%
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Summary and Path Forward
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Summary and Path Forward ’O/

Continue to develop new analytics and custom tools

Least Cost Estimator 1: Build Model

Prodicted vs. Actual Pradicted and Actual vs. Tima
. e . s —h 100 —— Actual
o / b Pradidied
e %
. ;s\l A
8 © 9 100 Aug 20 A2 Aug24 Aug 26
019
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CHALLENGES ? SOLUTION P BENEFITS

. 0101
- Too much time Using Pl AF and Sight = Slow and repetitive 07010
spent analyzing data | Machine, we have Excel analyses
- Disparate data mapped over 200k P! stre.amllned. |n.PI AF
S tags across the = Actionable insights
ystems ) :
. Pertinent decis enterprise and streamed provided through
ertinent decision- it to a single analytical standardized
making data not platform dashboards
easily available = 500+ manhours/month

saved per facility

Our focus was to standardize our data across multiple core mill systems to create a
common set of tools that we could scale across our enterprise mill network to drive
immediate visibility to actionable data, rapid root cause problem analysis and predictive

insights that were not previously available.
- Mark Miller, VP IT Transformation & Mills, WestRock
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Speaker Information

Andre Perez

IT Product Manager
WestRock
andre.perez@westrock.com
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Questions?

Please wait for
the microphone

State your
name & company

OSlsoft.

Pl'World san rrancisco 2020

Save the Date...

AMSTERDAM
October 26-29, 2020
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