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ADVANCED ANALYTICS IMPROVE MILL
PERFORMANCE AND RELIABILITY

ABSTRACT:

Jari Almi

Samuli Lehtonen

The Industrial Internet has enabled the unlocking of the value of vast data resources in a modern pulp and paper mill. The unlocking
of this value is today being done by experts in pulping papermaking and energyprocesses who analvze this secure data in supplier
performance centers. Their analyses, discoveries and recommendations arenow being used to optimize the performarnce of mill
sub-processes and the whole mill, and to improve reliability. Suppliers and pulp and paper producers collaboratively implement
and sustain mill performance improvement and reliability improvement programs based on varioiis opiimization analytics methods.
Specific case studies arve presented where productivity has been increased,vaw material and energy costs lowered, quality optimized

and process uptime improved.

The future of data analytics will imvelve common solutions by suppliers in a so-called “digital ecosystem”. Concrete steps in
building this ecosystem are being taken by combining the resources and solutions of an automation supplier wiith a supplier of
enterprise resource planming and manufacturing execution systems. The potential benefits of this collaboraiion are presented

INTRODUCTION

Modern pulp and paper mills generate
large volumes of data from process
mstrumentation, process and  quality
analyzers, condition monitoring systeins.
process  automation  systems,quality
control and inspection systems, and
laboratory measurements. In addition,
there are volumes of data concerning
process reliability, productivity,
maintenance activities and consumable
consumption. When this data is combined,
sortedand intelligently analyzedit has
tremendous value as a roadmap and
mefric for optimizing the performance
and reliabilityof process components,
sub-processes and the whole production
line. This powerful data can be used to
make valid decisions for sustainable
improvements in process operation and
profitability.

The Industrial Internet is today’s enabling
vehicle for accessmg datasecurely and
making it a valuable resource for pulp,
paper and energy producers. This enables
manufacturers  to make valid decisions
and modifications which can stabilize and
optimizeamill's process operations, quality
and profitability. Most importantly, with
the Internet and clond computing, this data

1s easily transportable so experts in pulp,
paper and energy processes can quickly
and surely assess the state of the process,
its stability and economical operation. The
result is improved performance.

PERFORMANCE CENTERS

Experts in pulp, paper and -energy
processes at  Valmet performance
centersprovide root cause analysis,process
stability assessment, problem solutions
and recommnendations,plus optimal control
implementation and tning services. A
primary objective is to help customers
push production and profitability further
without major investmentswhile meeting
production and quality targets with
minimized raw 1naterial, chemicals and
energy consumption. The other mandate
is to help customers to keep production
assets in optimum working condition while
minimizing maintenance costs. It also
helps to plan and implement shutdowns
professionally, to avoid costly overrns,
andto optimuze the use of mfernal and
extemal resources.

To improve and optimize process
perfonmance, the following services are
provided:

«  Advanced Process Conirols and
Optimization for pulp, paper and
ENETEY Processes

«  Control loop performance
moniforingand optimal tuning
« Key Process Indicator (KPI)

monitoring, An example is shown in
Figure 1.

= Paper and board machine production
and energy benchimarking

« Paper machine energy -efficiency
moniforing and analysis

« Paper and board quahty properties
modeling and optimization

= Power plant performance and asset
optimization

To improve process reliability and uptime

the following services are provided:

« Predictive condition monitoring for
TwinRoll wash presses

« Predictive condition monitoring for
FormMaster wire shakers

= Virtual boiler inspection

+  Condition monitoring and remote
analysis
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= Roll cover life time prediction

+  MillTracer
tracking

Process component

«  Measurements and Analyzers fleet
managemem

Figure 1: Dashboard display of Key Process
Indicators (KPIs) for a bleach Ime

CASE: FLUTING
MEDIUMMACHINE ENERGY
OPTIMIZATION

Process experts reviewed the steam and
condensate and air systems of a fluting
medium machine. Remote data analysis
was conducted based on the grammage
being run, production rates and steam
and electricity consumption. The optimal
mmning pomt for highest production
with lowest steam and electrical energy
consumption was identified, reviewed
with the customer and implemented. To
reduce electricity and steam consumption,
experts recommended balancing of the
former section dewatering and mned
controls of sheet moisture and steam
pressure, both locally and remotely.

The result was a sixteen percent saving in
electrical energy and a fen percent saving
m steam energy. The improvements in
electrical and steam energy consumption
over a two-month period are shown in
Figure 2 The fotal savings were 2 million
Euros per year.
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Figure 2: Steam and elecirical energy savings
on a fluting medium machine

CASE: FIBER LINE
OPTIMIZATION

Industrial Intemet connectivity and data
analytics have plaved a valuable role n
managing the opfimum farget levels in
fiberlines, thereby improving productivity
and saving chemicals, Performance
center staff analyze the process state and
make adjustments to Advanced Process
Control (APC) to achieve mill goals in
a cost effective way. Figure 3 illustrates
an example of a fiber line optimization].
The process was optimized to increase
production by 2,000 air dry tonnes per year
through increased yield, while chemical
consumption in the bleach plant was
optimized The kappa target in cooking
was raised from 30 to 32 by stabilizing
the cooking process and reducing kappa
variability by 47 %. The kappa target was
lowered after the oxygen delignification
stage but raised at DO EOP, moving the
kappa reduction load to the beginning of
theline. The brightness targets in bleaching
stages were lowered, which allowed the
mill bleaching chemical savings. Even
with the anticipated chemical mcrease in
the oxyvgen delignification stage and the
first bleaching stage, the mill was able
toreduce the overall bleaching chemical
consumption.

=

Figure 3: Fiber lineoptimization

CASE: SACK KRAFT QUALITY
MODELING ANDOPTIMIZATION

Specialists analyzed data from a
customer sack kraft machine to define a
perfonmance improvement solution and
quantify the improvement potential. Pulp
and paperboard tensile and tear strength
were modeled as part of the analysis.
Quality models and predictions were
then mmplemented online and visualized
for operators.Low consistency refiningis
managed to meet strength, freeness and
fiber length targets. Figure 4 shows the
improvement in MD and CD tensile
strength. Similar improvements were
documented in CD and MD tear, ficeness
and fiber length. The variability of the pulp
quality window was mproved by 26% and
the tensile strength window was improved

by 32%. This led to better machine stability
and higher production speeds.
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Figure 4: Management of low consistency
refiners improved the variability of MD and
CD tensile stength. Similar results were
documented for CD and MD tear, fieeness
and fiber length.

CASE: LINERBOARDSTRENGTH
MODELINGANDOPTIMIZATION

The objective of this APC application was
to model and predict final pulp, paper and
board properties nusmg data analysis, to
optimize the process to reduce variability
and to move the process toward the
economic optimum pomt. Figure 5 show
burst strength model prediction vs.process
measurements. Low consistency refining
specific energy andstock blending are
managed for the desired results.

Every process is different and mills
objectives vary. Therefore. itis important to
tailor the control and optimization to meet
mills’needs. Thecontrolcanbeexpandedto
manipulate fiows, consistencies, chemical
and starch addition or, potentially, water
removal, wet pressing,anddraws.

The benefits includerawmaterial and
cnergy savings, fewer web breaks and
mcreased machine speed.
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Figure 5: Linerboard burst test model
vs. lab rest.
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CASE: WASH
PRESSMAINTENANCE REDUCES
UNPLANNEDSTOPS

The objective of the wash press advanced
analytics application was (o optimize the
overall performance of a wash press and
achieve fewer unplanned stops during
normalmill production. Data was collected
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from the process control system to determine correlations
between process deviations in a cloud-based platform. The data
is visualized m performance monitoring displays for the process
operators.Automatic process alerts andreconmnendations are
generated o guide operators in the best operating procedures.
The wash press components are monitored using online
condition monitoring,and durability reports are issued. This has
led to improved maintenance predictability and fewer unplanned
shutdowns during normal mull production.

CASE: ROLL COVER RUNNING TIMES EXTENDED

To predict andextendpaper machine roll cover running time,a
large amount of data was collected from mmultiple online and
mamially recorded data sowrces. These includedvibration
sensors, the process control system, roll change and grinding
data, operator logs, etc. Experts in big data analytics used
predictive maintenance analytics to visualize the data and issue
regular reports to assist mill staff in assessing up-to-date roll
cover condition and fo decide the best time to change a roll or
continue operation. Figure 6 illustrates the predictive running
time capability.As a result. the roll cover lifetimes were extended
by 15 to 20% and the maintenance cycle was extended from 5
weeks to 6 weeks for planned shutdowns. This was achieved a
3—nonth interval.
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Figure 6: Using data analytics voll cover running time is predicted
and extended.

CASE: OPTIMIZED CONTROL LOOP PERFORMANCE

A process cannot be controlled at its optimum operating point
unless process measurements, valves and actuators are in top
working order and the control loops are tuned to achieve low
variability Specialists collect data to analyze control loop
performance along with the performance of mstrumentation,
valves and actuators.Performance improvements are achieved
by implementing control loop tuning changes, operating point
changes or making recommendations to repair actuator and
instrumentation problems. A mill’s equipment maintenance
needs are identified clearly. The improvements in a consistency
control loopatter analysis and corrective actions are shown m
Figure 7.Stable consistency is a cornerstone for many pulp and
paper processes ,and its variability has significant effects in unit
operations and ultimnately in the whole process.
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Figure 7: Consistency control loop nmprovements

TOOLS

The future of data analytics will involve common solutions
by suppliers in a so-called “digital ecosystem™. The suppliers
in this ecosystem understand the value of data for end users
andimplement industry-specific solutions. The first, concrete
steps in building this ecosystem are being taken by combining
the resources and solutions of Valmet and Tieto.a supplier of
MES (Manufacturing Execution Systems) and ERP (Enterprise
Resource Planning) solutions for the pulp and paper industry.
Tietois also an experienced mformation technology integrator of
mill systems.

With this alliance, customers’ business and production processes
will be optimized by integrating data and application expertise,
and by offering combined solutions. These includeKPIs forOEE
(Overall Equipment Efficiency), OTIF (Orders on Time in Full),
Quality and Cost.

The combined offering will also include optimization solutions
utilizing Valmet Advanced Process Confrols (APCs) and
Tieto’s Advanced Planning (AP). APC reduces process and
quality variability. optimizes process areas and moves their
targefs to opfimum economic operating poinfts. AP calculates
optimum targets for each process area fo maximize overall
line performance. The end result is more production from the
pulping process, debofttlenecking, and improved ability to plan
for disturbances or changes.

CONCLUSIONS

The enabling technologies ofIndustrial Internet and advanced data
analvtics are complementary capabilities which are helping pulp.
paper and energy producers o optitnize their process operation,
its reliability and profitabilitv. As the value is recognized, this
trend is expecled fo increase over the comng years. With these
capabilitics, supplier experts m pulping, papenmaking and
energy are able to diagnose root causes of process instabilities
and inefficiencies. optimally tune the process controls to achieve
maximum productivity, quality and cost efficiencies. and make
sound recormmendations for process improvements. With
prediciive diagnostics, they are able (o diagnose maintenance
issues well before they become problems, thereby improving
process component and production line reliability and uptime.
In the coming years, new tools for data management, process
management and business management will emerge as industry
suppliers with a common appreciation of the wvalue of data
combine their expertise and product offerings. Line level or
mill level optimization will optimize the process as a whole.The
line optimization solutions can combine process improvements
and consultation, advanced process control and optimization,
analyzers and measurements, regulatory controls performance
improvement, KPI monitoring and benchmarking services.

In the future, there will be more predictive mamtenance solutions
and services to improve the reliability and perfornmance of
processes. The use of new technologies such as augmented
and mixed reality will promote new expert applications which
will virtually connect supplier specialists with mill production
and mamtenance staff. Analytics have now been developed to
the pomnt where traditional data reporting, querying, drilling and
alerting have been augmented by more data-intensive advanced
analytics which can simulate, predict outcomes and optimize
pulp, paper and energy processes. Ultimately, prescriptive,
artificially-intelligent analytics will support judgements and
decisions by mill staff.
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