mproving Fiberline and Paper Machine
Performance with Valmet’'s Pulp and
Paper Process Optimizers

"Mejora de la linea de fibras y comportamiento de la maquina de
papel con optimizadores de procesos de pulpa y papel”
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Valmet analyzers and sensors have
been pioneers in the development
of the mill standard for
delignification and bleaching
controls since the 70s.



Valmet Fiberline Analyzer

Based on market leader experience with over 500
Installations, Valmet Fiberline Analyzer is a multi-
analyzer platform for key fiberline measurements.

* Improved pulp quality and production yield
* Minimized production costs

* Reduced chemical usage

* Accurate measurements

* Better ability to control process variables

* Improved operational efficiency

* Guaranteed process performance improvement
together with Valmet’s process optimizers (APC)
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Recent findings combined with
unigue measurements led to
further developments of Process
Optimizers creating new standards
for Advanced Process Controls.



Hexenuronic acid (HexA)
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HexA and lignin measurement

The only analyzer in the market offering a unique method to measure individually HexA and lignin

» Kappa is the mix of Hexenuronic acid (HexA) and lignin

* Valmet Fiberline Analyzer can measure HexA and lignin
separately — This means that you can monitor the lignin
and HexA removal and accordingly optimize chemical
dosage throughout different stages
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HexA and lignin measurement
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Key features of Valmet Fiberline Analyzer

* Kappa measurement
e |[SO Brightness

* New Continuous Kappa and brightness for bleach
line applications with Valmet Brightness
Measurement (Valmet Cormec5 X)

e Hexenuronic Acid (HexA) and lignin content

* Fiber properties with new ultra-high definition
(UHD) camera

* Shives measurement
* Automatic wood specie recognition
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HexA measurement capabillity for eucalyptus pulp producers
Valmet Kappa Analyzer
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Background

Hexenuronic acid (HexA) in
unbleached hardwood pulp
increases the consumption of
bleaching chemicals leading to
higher production costs and
product quality variability as well as
worsening environmental
performance

HexA also consumes potassium
permanganate in the Kappa
number analysis which leads to an
erroneous lignin content signal to
automatic controls
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Hex-A laborator vs. analyzer result
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Lab HexA

Our solution

Valmet Kappa Analyzer

Unique online method for the measurement of HexA, available as
an additional module working alongside the Kappa, brightness and

fiber & shive properties

Can be used with a hot A (acidification) stage prior to bleaching or
a hot A-stage combined with the DO-stage in a single hot DO-
(Dhot) stage

RENES

New online measurement
gives more information from
lignin and HexA removal in
eucalyptus pulping process

New window to trending
online HexA content from
each process stage

Possible to see how different

eucalyptus grades demand
different chemical
treatment/process conditions

First step is to optimize A-
stage operation to save
bleaching chemicals, after
that the next step is optimize
cooking conditions to prevent
extra HexA formation
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The most trusted measurement for closed loop control in the industry
Valmet Fiberline Analyzer provides the key performance indicators (KPI) of the entire fiberline

Optimal chemical dosage
throughout the bleach plant

. _ ~ | Final Brightness
=l M Optimal Kappa | on target
R reduction S B | |

\

Yield & Shive
Optimization
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Pulp quality measurements for the entire fiberline

Valmet Fiberline Analyzer

Kappa
Shives
HexA

Shives
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Kappa is main
feedback
measurement
for digester
APC

Shives to
indicate
digester
fiberizing
degree.

HexA formation

measurement

Quick shives
measurement to
monitor and
control
screening
operation.

Fast feedback
for screening
issues.
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Kappa Kappa Continuous
Lignin Lignin Kappa
HexA HexA Lignin
Shives Shives HexA

Brightness
Lignin based Lignin based Accurate CIO,
fast feedforward feedback dosage to first

control for both
OWL and 02
dosing.

HexA and
shives profile
monitoring

correction for
Oxygen stage
control.

HexA and
shives profile
monitoring

chlorine dioxide
stage (D stage)
by HexA and
lignin
measurements
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dioxide stage (D1) by
lignin and brightness
measurements

» Lignin based feedback

control for first D stage
* Shive removal control

dosage to final
P/D stage by
brightness
measurement
Brightness
based feedback
control for D1

» Continuous Kappa Continuous Continuous
e Lignin Brightness Brightness
*  HexA Fiber properties
» Continuous Brightness
» Shives
» Accurate CIO, dosage Accurate Brightness
to second chlorine ClO,/H,0, based feedback

control for P/D
Final brightness
on target
without wasting
chemicals
Fiber properties
for pulp quality
specifications
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Continuous Cooking Optimizer
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Valmet Fiberline Analyzer for continuous digester

Valmet Fiberline Analyzer applications

> Main digester analyzer to control and monitor blow line and after
screening pulp quality

> Shive measurement can be utilized to optimize Kappa target and
monitor screening operation

> Recommended measurements: Kappa (can be separated down to w1 d
HexA and lignin), fiber properties, shives
- Kappa - Shives
: - Shives
| Hoxa
> Reduced Kappa variation
> H|gher y|e|d - Kappa is main - Quick shives
R ) . ) feedback measurement to
> Minimized reject utilizing shive measurement measurement monitor and
. for digester control
> Better bleachability APGC screening
) i ) . _Shl_ves to operation.
> Uniform pulp and fiber properties indicate »  Fast feedback
digester for screening
fiberizing issues.
degree.
» HexA formation
measurement
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Valmet Continuous Cooking Optimizer
More yield from same wood and stabilized quality

Advanced pulp quality optimization
Kappa control
H-factor control
Shives optimization
Bleachability/yield opt.

- Kappa - Shives
- Shives
» HexA
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*  Chip flow control

* Alkali profile

* Liquor balance

* Automatic change management
* Disturbance management tools

Valmet’s process analyzers:

""ﬁ Valmet Chip ‘n’ Bark
Moisture Analyzer

ﬁ . . Valmet Cooking Liquor
OR n.—, Analyzer

Valmet Cooking Liquor
Measurement

=. . | Valmet Fiberline
Analyzer

Benefits:

Optimized digester Kappa value

Kappa variability reduction of 20—

50%

Increased production 1-3%

Yield improvements of 0.5-2%

Cooking steam reduction of 0.5-2%

Cooking chemical savings of 1-4%

Reduced bleaching chemicals

Improved viscosity
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Process performance improvements
The benefit mechanism

More production from

» Digester Stabilizing Controls
same wood

* Pulp Quality Control
* Change Management

Less steam
Reduced kappa variability

Digester kappa target shift upwards -
Less white liquor
Critical
Before  After  high limit
1 1 1

Bleaching
Increased stability

Recovery boiler

T * Less dry solids
Kappa target shift
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O, Stage Optimizer

Valmet >



Valmet Fiberline Analyzer for oxygen delignification

Valmet Fiberline Analyzer applications

> Precise lignin-based chemical dosing for optimized Kappa reduction
control

> Recommended measurements: Kappa (can be separated down to HexA
and lignin), shives

> Extra chemical dosage causes damage to cellulose fiber

> Optimal chemical application provides high Kappa
reduction and minimized outlet Kappa variation with
minimum viscosity and fiber quality losses

> Controlled Kappa after O2 delignification for optimized bleachability

> Optimal chemical usage in O2 delignification improves post-O2 washing
efficiency leading lower COD to bleaching
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Valmet Oxygen Stage Optimizer

Maximized reduction and stabilized quality

Advanced Kappa control *  Production rate control

* Lignin-based control of chemical dosage * Automatic production and grade
(02 & NaOH) change management

* pH control
* Temperature control

Valmet’s process analyzers:

Valmet Fiberline
Analyzer

Conductivity
measurement

Consistency
measurement

Valmet Filtrate Sampler
(for pH)

18 24 September 2022 © Valmet | Fiberline Analyzer

Benefits:

Optimized Kappa reduction

Outlet Kappa variability reduction of
20-50%

Better outlet pulp strength

Reduced bleaching chemicals 5-15
%

Reduced environmental load
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Boosting O, Stage Performance
The benefit mechanism

« Stabilizing controls . :
. Kappa Contr0| BleaChlng Chemlcal

* pH control 0, Kappa target shift downwards savings
 H-factor control Or

v

» Change management Increase Digester kappa Possibility to increase
Fiberline yield

Kappa variation (std) decrease Stabilization of conditions by pH

Delignification efficiency increase S : L
¢ control Chemical optimization
at oxygen stage
. Stabilization of conditions by
V4 H-factor control
Critical ~ After Before
low limit | I
: :
: More_ uniform pulp
I guality
|
I Maximized production
T 1
== Kappa target shift Lower production costs
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Bleaching
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Valmet Fiberline Analyzer for bleaching

Valmet Fiberline Analyzer applications

> Continuous Kappa and brightness measurements provide
fast and accurate response of lignin and brightness
variations

> Precise CIlO, dosing with HexA measurement

> Monitor and control of shive profile for the whole bleach
plant

> Minimizes bleaching chemical costs

> Minimizes environmental impact

> Final quality on target

> No over bleaching leading to significant chemical savings
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Continuous
Kappa
Lignin
HexA
Brightness

- Accurate ClO,
dosage to first
chlorine dioxide
stage (D stage)
by HexA and
lignin
measurements
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dioxide stage (D1) by
lignin and brightness
measurements

Lignin based feedback
control for first D stage

» Shive removal control

dosage to final
P/D stage by
brightness
measurement
Brightness
based feedback
control for D1

Continuous Kappa Continuous Continuous
Lignin Brightness Brightness
HexA Fiber properties
Continuous Brightness
Shives

- Accurate ClO, dosage - Accurate Brightness
to second chlorine ClO,/H,0, based feedback

control for P/D
Final brightness
on target
without wasting
chemicals
Fiber properties
for pulp quality
specifications
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Valmet Bleaching Optimizer
Remarkable bleaching chemical saving and stabilized quality

Kappa and brightness optimization *  Production rate control Benefits:

Lignin and HexA based chemical dosage control * Automatic production and * Optimized final brightness

SR grade change management : s
Bleach load optimization * Kappa and brightness variability

pH control reduction of 15-50 % in different
Temperature control stages

* Reduction in bleaching chemicals 5-
15%

® Optimized bleaching conditions
* Lower effluent loading (COD, AOX)

Valmet’s process analyzers: e.g.Polarox, conductivity,
pH sampling
X A a7
‘ Valmet Valmet Valmet Filtrate Consistency
Valmet Fiberline Analyzer =~ CormecS X Polarox5/FP Sampler measurements

N
22 24 September 2022 © Valmet | Fiberline Analyzer Valmet ,



Valmet Bleaching Optimizer

Model Predictive Control (MPC) - based advanced control

23

Controls the bleach plant as a whole
Uses multiple inputs and outputs (multivariable)

Brightness and/or kappa targets for each stage are formatted as ranges
enabling total chemical consumption optimization

Stage pH, temperature and residual targets are also formatted as
ranges

More flexibility in finding optimal control solutions as situations change

ISO brightness
A _ I
Target brightness I

Optimized curve

Existing curve

Chemical
1 savings

Chemical consumption kg/ADT
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Real Time Optimization

Optimization — Find the optimal operating point

The MPC application uses Real Time
Optimization using chemical costs (along with
process gains) to maximize a profit function
based on the manipulated and constraint
variables.

Total chemical
consumption

A

Je——=1 Optimal range

0.12 0.16 0.20 0.24 0.28 0.32

Total kappa factor (kg/ADT/kappa)

24 Sefseviabmet2022

By recognizing the most saturated bleaching stages and sharing
the bleaching load optimally, it is possible to reduce the total
chemical consumption in the bleaching line.

«  Optimum CIO, distribution between stages

*  Optimum distribution between CIO, and H,0,
Cost, availability
Bleaching effectiveness

ISO brightness

4 .
Target brightness |

Optimized curve

1
1
1
1
1
1
1
1
1
1
1
1
Existing curve 1
1
1
1

: Chemical
| , savings

| |
1 1

Chemical consumption kg/ADT ! !
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Results for the entire fiberline
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Valmet Optimizing Control for Fiberline
Return of Investment (ROI) example

Valmet Batch & Continuous

Cooking Optimizers Cooking and Fiber line Optimization

Kapp vaiaton Wood yield Total OPEX reduction and production increase Washing loss Dry solids
ecrease increase decrease content increase
20-60%] 0.5-5% 3-10% ] 0.3-1%
‘ Brown stock washing
ZAN Dry solids Increase

O2 delignification

Control Objectives . Chemical SaVingS mmwmvmm
: mupmrgnwﬂm C00k|ng » Increase Dry Solids to Evaporation

* Reduce Washing Loss Variability

Bleach plant S P

ClO; savings Vaimet Bleaching Optimizer

Brightness variation Bleaching
decrease chemicals savings

10-50% | 5-15%

* Reduce Kappa Variability . -
 Optimize Kapon Target Yield increase

Valmet Debarking Optimizer

Wood loss
reduction 0- 5 -2%

* Reduce Final Brightness Target

o u
0. op el e
Control Objectives 8 ! o * Optimize pH and temperatures
* Minimizing Wood Loss 4 * Reduce Brightness Variability

N
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Paper & Board
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Valmet Pulp to Paper APC with MAPQ
analyzer
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Freeness has been extensively
used as main measurement for
Refining Advanced Process
Controls



Fiber fractions, external fibrillation and
fines predict pulp strength

Valmet MAPQ Analyzer
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HD Image Analysis Predicts TMP Pulp
Strength Properties
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Fiber Properties vs. Strength Properties

Tensile Index
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Valmet Pulp
Analyzer
(Valmet MAP).

N
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Fiber
Length and
width

» Coarseness
« HW/SW ratio




Pulp to Paper Optimizer

Control the process to final pulp, paper and board properties

Service description . SWRefining
© Control the process to final pulp, paper and board L ‘ %\ &cm\'
* properties by Multi Predictive Control to reduce variability Speciic Energ
© Controlled variables based on process and customer needs, models for B
strength and other properties —~ LW Refi Chest levels
. . . ‘ ehining Stock flow
(O Optimize process by Multi Predictive Control and move process toward L rﬂw Stock consistency
economic optimum P ~
. . Specific E
(O Manipulated variables (e.g.):
— Low consistency refining specific energy Target Reduced
— Stock blending, flows and consistencies A shift;  variapility

— Dosage of starch and other chemicals
— Waterremoval, wet pressing, draws
— Total ash on paper

Benefits

 Raw material and energy savings

» Decreased breaks and increased PM speed

* Online strength information and more stable final product
qu al Ity Strength

35 \
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Real time measurement of pulp strength

St th Dat
| Advanced Control
((E19)) History

database o'/I\A ~
£ (@]
S ° =4 N
= 5 : S

4 Strength
Calculations -

* Online pulp strength is generated using:
—Valmet MAPQ measurements (Fibrillation, CSF, Fiber Fractions, etc.)

— Selected process signals (e.g. refiner SEC, Stock preparation/Wet end
chemicals,...)

* Procedure for pulp strength modeling:
— Move process handles (e.qg. refiner specific energy and fiber blending)

— Capture changes in Valmet MAPQ measurements compared to hand sheet
strength properties (mill is responsible for providing hand sheet properties)

— Using collected data pulp strength models are generated
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Scalable solutions are customized to the
requirements and objectives of each customer

{ Model Predictive Controll '
«Setpoints for Manipulated! Variabless

'\-\.

e

'\-\.
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PM Broke

SW Refining

Specific Energy/
Controller loops

HW Refining
L‘r .

Specific Energy/
Controller loops

@ sampling Points

33 Manipulated Variables

Blend Chest

Manipulated Variables

» Based on customer process

1.

Illl\)

w'vvvlllllllw

Pulp Properties
Refiner SEC

Refiner feed consistency
Furnish proportions
Other

. Pulp Strength

Layer proportions
Chemical dosages
Other

. Board Strength

Headbox total flow

Jet-to-wire ratio

White water consistency
Paper total ash

Draws

Size weight

Other

Controlled Variables

» Based on customer.needs

. Pulp Properties
Freeness
Fiber length
Fibrillation
Fiber Fractions
Other

. Pulp Strength
Tensile, Tear
Bulk
SCT, CMT
Other

. Board Strength
Burst
SCT CD
Tensile, Tear
Porosity
Internal bond

Valmet >



mproving Fiberline and Paper Machine
Performance with Valmet’'s Pulp and
Paper Process Optimizers

"Mejora de la linea de fibras y comportamiento de la maquina de
papel con optimizadores de procesos de pulpa y papel”

Bruno Gongalves
Service Engineer — Performance (APC)

bruno.goncalves@valmet.com
+55 (15) 99842-5625

Valmet >







