Al-Driven Real-Tim
“Prediction of Paper

Stiffness and Moisture”

Presented by: Akhilesh Kumar
Sunandan Mallick

JK Paper Ltd, Unit J K Paper Mills, Odisha, India
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VISION

To be a trusted industry
leader enriching lives and
creating a better future

JK Paper Vision, Mission, Core values
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JK PAPER LTD

MISSION

Deliver sustainable solutions &
profitable growth through:

- Digitalization and Innovation
e Cost Competitiveness

e Customer Centricity

e People and Community care
- Outstanding & Agile Talent

CORE
VALUES

« Caring for People

« Integrity including Intellectual
Honesty, Openness, Fairness
and Trust

e Commitment to Excellence




Digital Transformation Journey

@%‘

Smart
Manufacturing

FY 23-24
Al driven Moisture
Optimization Model
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[ Industry 4.0]

Al Model’s for
Bleaching Chemical

FY 22-23
Ring network data lake
along with firewall
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FY 21-22
Leap 200 started,
Steam vent reduction

FY 1317 FY 17-21

PLC at color Kitchen, m
Upgradation of QCS OPP in Pulp Mil
-

- [Journey Pathway]
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GEOGRAPHICSCOPE

Digital Transformation Overview

FUNCTIONALSCOPE ENTERPRISE SCOPE
O MANUFACTURING
DIGITAL CENTER OF
LOGISTICS EXCELLENCE TO SUSTAINABLY

o SALES AND MARKETING

o PROCUREMENT

COMMUNICATION AND
CHANGE MANAGEMENT
TO DRIVE ORGANIZATION

Q DIGITAL CENTRE FOR EXELLENCE

04



Handshaking of data
d Connected 64 Individual
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Digital Transformation in Manufacturing Section

Bleaching chemical optimization

Coal Blend Optimization at Yard .

Advanced Planning & Scheduling .

Advanced Condition Monitoring

Production enhancement .
Predictive maintenance

Consumption reduction .

Quality improvement

| § -

.GSM Variation Reduction //< f

"o R
boll (

Pulp yield Optimization

Digital Twin of Paper Machine

>

# Dryer (ma ybnovlng
on these
conditiol nm t g)

__ Ash and Moisture Optimization

/?{_I_ Steam Economy Improvement

/{ Lime Kiln Fuel Optimization
@ .
Energy Management
@Qél sy
/@// 2 Finishing Loss Reduction . .

Steam Generation Improvement in Liqor fired boiler
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Case Study

“Enhancing Moisture % in paper through
Al-driven predictive
and calculative quality control measures”
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Present Scenario

_ o a GSM vs Steam vs Moisture L
Moisture % is influenced by both § /\/\/T}\/—\N\/—\/\/ £
operator settings and lab (g
parameters H Il HIH If H Tl

LLLELELLEE TR R, 2
Different paper grades have FETTTTEEE TS
Operator-dependent SetpOIntS Grade GSM Caliper  Bulk Ash % Moisture Stiffness (md) stifness (Cd)

1SKU-1 70106+ 2 1.50+_0.05 20 Min 4.0+_0.5 2.0 min 1.0 min
Lack Of Real_tlme Monltorlng & 2 SKU-2 75106+ 2 1.50+_0.05 20 Min 4.0+_0.5 2.0 min 1.0 min

.. 3 SKU-3 75106+_2 1.50+_0.05 20 Min 4.0+_0.5 2.0 min 1.0 min

Control Decisions are based on 4 SKU-4 80106+ 2 1.45+ 0.05 20 Min 4.0+ 0.5 2.0 min 1.0 min
historical data, not live process
conditions.

No predictive system to
proactively adjust moisture
levels.
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Methodology

4i~| Data collection
A

463F11615/MMON 463F11618/M 463PIC7088/ 463TICT086/ 463TIC7115/ SURF_STAR Scanner General Diagnosis - Machine Spe

657 8828495 67 5430514 -2351.10669 120.309235 114.910868 10 1160
653 4623458 58393739 -2349634 120181401 114905427 10 11600164
642.3738207 50.5582414 -2349.03679 119.975685 114.908147 10 1160

- H = 6603245231 608768652 -23ANGRNH1 | 116 TNRER 144034700 40 a0 naga . . 1 N . . . N R
O eC e S IX l I IOI l S O m I n u e -W I se p ro CeSS ggggggggg E‘fﬂi?;g;ﬁ 2L1C3 452L1C3410P462PI34T1M 62PDIIS2Y, 62LI3052M AGHSES AGZHSE AE2H: 452F 2303 AG3TICS 463TICH1TSI AB3TICE 463TIC2TS 463PICS 4E3PICE AE3PICS E3PICSHD 4G3PICS2NQ AG3PICSND AP

660860996 663249794 . = . - .-
5627792138 66 6525068 SBOSTORMIEIR AT 07726 BAMEY 10 91 D STMB6 70 B9SMNIE 90 SOA0B1SGR Q0545 3STI0D 345062548
660 1861201 68.0165349 S OSTOIGION 1IN 107402 BIMEE 10 9 0 SUABMI  TD 9SS 90 B9sM
659.8593702 72.2969427 Sb ST T1IGHS 07GGONET SOIIGN2 10§10 SNG3ET O 0N 90 SS00Ti
. 658.5264821 725357611 SIS AT 0TI BB 10 9T D SISEMI TOTOOSTIGR 90 GSO%ERN
6611256888 74.3118496 SBOETOROTB 40306615 107506060 SI0TT2M 0 97 O KUSSATAM O OQTSE 90 STestT
6568547403 75626465 ShOSLITIONG TATREZD 1070903 WATMTM 10 9T 0 SIBA3R O TOOII 90 SI6TNE
659.012379 739878203

1320917 TR ] 0 6995007 5
T S TE0TGNM TATIONT OTAEN SN 10 91 0 SSDMEE 70 BI0NTTT 90 SO0%ENT
659.5390105 758441126
L) ] 658641714 74.0148913

5B 5822237245 140819919 107560354 8493865 10 97 0 SMZ64MP O BITORZ 90 B9ATHEMT
659.0914481 738770043

1l
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l
0]
0]
0
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0|
l
0
0]

TR

=
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6545937394 66.153161 55 SBATISUEI 14055185 107503906 SB504TBET 10 97 0 SIES461 0 70009532 90 8957

n ]
SOONTAT 1405817 107 1R300 S59683M4 10 9T 0 GAZA03048 7O TO0%6305 90 S0.A3747
a n s e n s o r re a I n g s . 5B SO09B08829 1406E3GY 107725319 S2B3BM 10 97 0 SUMMGNM 0 TO03ED 90 29575AT

01743 345121002 345333589
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2 &
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.| Data Cleaning Techniques

= 1

O Qutlier removal using statistical methods
1 Handling missing values using interpolation

techniques. o Dt with Ot _
U Standardization & normalization to improve
model accuracy. - - L
d Ensure high-quality, reliable input for Al model . I
training. - : e
s £ F & & ,ﬁé’%
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Methodology

Parameters Monitor Challenges

J Stock Parameter 0 Stiffness Data Delay: Stiffness

measurements were only available
through lab testing, causing delays in
feedback and process adjustments.

(J Chemical Parameters
1 QCS Parameters

d Basis Weight Solution

d Bulk O Virtual Sensor:A virtual sensor was

D«s’tlffness A critical (;uah’[‘ - developed using selected online
y variables to estimate stiffness in real-

parameter influenced by bulk) 6
; ime.
S Mmoisture, and grade -

-

— - -y,

/
\
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Optimization of Quality Parameters Using Al-Based Virtual Sensor

Virtual Sensor Stiffness Prediction

U Developed a virtual sensor using key process variables.

O Using input variables, we built a model utilizing multicollinearity to predict stiffness.
O Assigned the trends in the historian for monitoring and analysis.

U The predicted virtual sensor values match lab data with 95% accuracy.

O Enables real-time stiffness prediction to optimize moisture levels.

Input variables Model building Online predicted value
primt({out_sample_data[ 'Paper Break'].value_counts())
;‘:j:oac 462HSE2002/0P_ANA.QY Ratio broke ratio virgin % from sklearn.metrics impﬂ.rt :nn-fusi:.n_mat rix
Calender 463PIC5202_A/WR_ROLIN2 Cal nip line force IN2 N/mm WNF metrics on Qut :.'_'."- sample set
463PIC5102_A/WR_ROL.IN2 Cal nip line force IN2 N/mm 4 :.‘ur"i""l'l: "'-E":l"i:G an Out -;'.:'F !'.il‘.‘:-.-? 1 :I
Coatin
Pleparit\on SURF_STARCH_DILUTION/SP_SOLID.QY | Surf starch dilution % aut_iamplt_da ta_:" = Al :_sa“pll_': ata {J:t‘.‘.\ls] r,:op}”:' '|
Headbox & | 463G11121/MMON.QPV Hb top lip vertical position PV__ | mm Qut_;‘mpl.&udl tay = I:IU':__.S?“F].I_'S ata E?;gl:] r¢¢.p:5-|:' i
Former 463PIC1119_A/VP_WR_RLIN1 Jet wire ratio m/min ¥y pred out camole = xab pr'e:_."' et probofscalery. tronsforaicut somale data %))
Press Section | AB37IC1603/004-R04.QY Press Line force nipcoflex MPa e L PR S SLTIR 5 e LT E e P e e e = bt
463PICL603/002-R0LY Nipcoflex press line load KN/m y_pred_out_sample = xgb.predict_proba(out_sample_data _x)
QCS/MD/IMC33/IMC.QPY DCS Ash % %
QCS/MD/IMC11/IMC.QPV Basis Weight g/m"2
Qacs QCS/MD/IMC44_X/IMC.QPV ADS Moisture %
Ash % Ash % %
viscosity Viscosity
Stack 461EC2372/PID.QPV BHKP freeness PV SR
Preparation
Wet end DOSING_STARCH_CALC/HIC.PV Dosing starch calc Kg/t
Chemical 464FICO_270/PID.QPV Flow PCC filler to machine PV L/m

Lab vs virtual sensor




Moisture Model Selection And Development

Model Selection

d We used multiple analytical approaches 4 Model Selection' ~ )
and selected as per their accuracy and " Jess
R2 Value 60 I I I5928 I
40
d We have selected PLS analytical E I I I I
approaCh \ eeeeeeeeeeeee Pat I Lea tsqd Random Forest /

Model Development

U All the variable were selected using correlation

O Data collected from different sources like Lab , DCS.

1 After corelation we selected PLS and Linear regression for model deployment.
O Model deployed in OSI PI, trained and tested using different data sets.
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Moisture Model

*Predicted stiffness MD and bulk determine the optimal i Minim

Maximum um Minimum Maximum

mO|Sture SetpOInt GSM Grade Moisture Moisture Bulk Ash Ash
70 SKU-1 4 5 1.46 20 24

: L . : 70 sku-2 4 5 146 20 24
*The algorithm operates within a minimum and maximum
" 75 SKU-3 4.2 5 141 22 24
band range to ensure stability. B I U .
75 SKU-5 4.2 5 141 22 24
*The model helps achieve higher moisture levels while 80 SKU-6 4.2 5 135 2 24
maintaining minimum quality standards. Grade wise range
)l Gt ) e, e T asM Grade Moisturet
* QCS Parameter E:}:::':'j':‘pjl::"?i[":f{;@m'xgj'a‘m'lrmw:meWM]M | %er  a— il
® Coatlng Pa rameter for 0t it i IETS;E):TEE:G ™ Confae B 1021202333959PM  Reason Not Found :e:m:ej:ﬁﬁ”:ﬁl
e Chemical ittty .o 4y e g o))t g,y 3L, o 0. : il Conductvty Remmmen;ed .
P t:tii'._ﬂi'.ad J_ " Actual Paper Break l:l ’ -
aram ete r ‘ S — l:l Save Recommended Ash
[ ] Calander #: :_ | .
Parameter vk
* Ash, Bulk, Pl
Freeness L
» Stiffness Predicted AL R

st e ) <t fea ) 3 ooy )

Recommended
Input Parameter Algorithm Moisture SP Dashboard



Visualization and Closed Loop Monitoring

Visualization

*DCS Integration: IT/OT connectivity
for seamless operation.

*Real-Time Optimization: Continuous
sensor data enables Al-driven
adjustments. \
Smart Dashboard: Provides operator
recommendations. [ PM: DCS ]

DATA FLOW

MODEL
DEPLOYMENT

Loop Monitoring and control

*Cloud Monitoring: Enables remote
access and tracking.

Closed-Loop Control: Initiated after a
successful trial.

*Error Handling: Feedback system
detects data failures and model
anomalies.

. [TOT_CHECK
Precicted Sifness Vicosty D

Predicted Tear Factor | 6756 | Moisture Max D
_________ Recommended Moisture A Ve i

Recommended Ash 240
\ - A i

[

I

I R —

[ Stifiness & Tear Factor Prediction Model
[

[

I

Moisture Min




Value Delivered by the Project

Moisture Improvement -

Moisture Improvement % \

*Moisture improved and gained 9% from

—
100

baseline to target through Al.

Al improved consistency, reducing

manual rework.

*Better control over drying process 2

\ Apr24 Mai24 Jun24  Jul.24  Aug24 Sep.24  Okt24 Nov.24 Dez.24 /

Improved paper strength.

Stea m REd UCtiOn / Baseline Steam Consumption Reduction %
«Steam consumption reduced from

baseline.

*Target achieved: 5% reduction.

*Reduction in steam usage impact on

lower production costs.




Upcoming Al Model

Proposed Idea for improving CD moisture profile

[ . . L] L] . (_—W'“ —iw
O Al-Driven CD Moisture Profile Optimization S P  N 2 =tan=0.20 }
=

d Virtual Sensor Implementation S

3 Do

- as
1o0o.o
o oD
o>

S SO
o

3 Intelligent Quality & Cost Optimization £ 1 11

Z-3

Anticipated Advantages

U Precision: Al minimizes manual tuning, ensuring stability.
U Efficiency: Automated control enhances response time.

O Quality: Better moisture uniformity improves the product.
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Conclusion

/- Revolutionizing paper production through Al-driven technologies, optimizirh
processes from raw material handling to final product output.

 Enhanced operational efficiency with Al systems for predictive maintenance,
real-time process monitoring, and automated adjustments, reducing downtime and
Improving throughput.

* Al-enabled quality control ensuring consistent product quality by analyzing key
parameters and making data-driven adjustments during production.

« Significant cost savings and sustainability improvements achieved by
reducing energy consumption, optimizing resource usage, and minimizing waste.

The adoption of Al continues to transform the future of paper manufacturing
paving the way for smarter, more efficient, and environmentally responsible
production methods.
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JK PAPER
MAKING

LIVES
SUSTAINABLE

Procuring awmatril
/ from farmers
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pr ocessed
w\,.w to make paper

S stainable
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