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Low uptime, Variable product. 
A mill (Canada) produces specialty paper.  For many years, one of the mill's older machines 
had a low efficiency compared to the others; the uptime for this machine was 83% and below 
the budget.  
At the same time the variability 1for this machine was high, 1.4% for the basis weight and 6 % 
for the moisture content. The quality needed improvement and the machine broke too often. 
The average uptimes for the previous years are: 

• 1997       83.3 % 
• 1998    84.3 % 
• 1999    83.2 % 
• average of above    83.6 % 

The average variability remained the same month after month for the last three years: 
• Basis weight variability  1.4 % 
• Humidity variability  6.1 %  

After investing 70 thousand dollars in optimization, paper machine's uptime increased by 4%, 
increasing their bottom line by 1.8 million dollars per year.  A side benefit was a more uniform, 
higher quality product, with less variability. 
In the last four months, the average uptime was: 

• November 99   90.1 % 
• December 99   83.3 % (Christmas shutdown) 
• January 00   88.4 % 
• February 00   88.6 % 
• Average of above    87.6 % 

The average variability for the last four months: 
• Basis weight variability  0.71 % 
• Humidity variability  2.91 % 

This variability is cut by half. 

                                            
1 The variability is the relative value of twice the standard deviation  expressed as a percentage of the mean and 
so allows comparison between different processes.   



2 
 

How they did it 
They trained its staff to analyze and optimize the process.  They went through the entire paper 
machine, and each part of the process was analyzed and repaired or modified, if necessary.  
They followed the loop optimization steps outlined in a series of 3 articles: "Loop 
Optimization", Control Magazine, March, April and May 1999 issues.  
They hired a process control consulting company, TOP Control, to train plant staff on the 
methods. TOP Control also provided support for the more complex problems.  Technicians, 
engineers and supervisors were trained in process control basics, troubleshooting analysis, 
and efficient use of optimization software.  They used loop optimization software from 
ExperTune to help analyze and troubleshoot the process. 
The most important loops where properly tuned once the problems in operation, and 
equipment were fixed. The loops were tuned to work in harmony to remove interactions and to 
reduce variability.  For example, they synchronized the flow loops in the mixing tank and 
reduced interaction between level and pressure in the head box. At the same time, the PID 
parameters and the PV filter were selected to reduce valve effort ensuring valve maintenance 
would be minimized in the future. 
The operation and production people collaborated fully with the instrumentation. At the same 
time they worked hard to improve the performances for example by installing fast cameras to 
analyze the origin of breaks on the sheet of paper. They also installed a system to detect 
holes in the sheet. Hence the results obtained are not only from the instrumentation effort, but 
also from the operation, the production and the management. 

Many Small Changes Made. 
As a result of their analysis work, they made the following interventions: 

• Repaired 4 valve positioners;  
• Repaired 6 valves; 
• Replaced  4 valves;  
• Relocated 2 valves ; 
• Repaired 1 transmitter ; 
• Configured 2 transmitters ; 
• Modified 2 control strategies;  
• Modified the PID tuning parameters on 42 loops  

  mostly reduced proportional gain, and reduced integral time 
  added derivative on 8 loops; 
  added filtering on 21 loops. 

• Modified the process operation 
  pressure in the rejection tank; 
  valve opening for cleaner cyclones; 
  vacuum control in rejection tank. 

• Modified the process  
  removed a buffer tank; 
  modified piping arrangement.   

• Replaced pieces of equipment: a mixer, manual valves. 
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Quantifying the improvements  
To get a solid number on their efforts, they initially collected data on all the important loops of 
the paper machine.  Each variable was analyzed to detect hidden oscillations (using 
correlation and power spectral density analysis), to determine variability, to verify if tuning 
parameters were appropriate. Also, interaction was analyzed using cross correlation analysis.  
Even the amount of valve movement or valve effort was recorded. The following data was 
analyzed: variability, power spectral density, valve performance (hysteresis, stiction and 
process gain). The overall performance of the paper machine was computed. To reduce the 
time and the cost, only the most important loops (42 out of 85 loops)  were analyzed.  
Once the main problems were fixed and the loops were properly tuned, they again collected 
data on the same loops.  The same variables were analyzed.  
They compared variability, cycling, valve wear, robustness, and performance of the control 
loops.  They also compared the process stability, product quality, downtime and efficiency. 

Big improvements from small changes 
The following average results were found on the most important loops: 

• The oscillations of the loops were reduced by a factor of over 200; 
• The variability of loops was reduced by a factor of 2, on average; 
• Valve movement was reduced by a factor of at least 5 (average for 42 loops); 
• The overall variability ( basis weight, humidity and dry weight) was reduced by a factor of 2; 
• The uptime (efficiency) was increased from 83 % to 87%;  
• The time to reach steady state after a grade change was greatly reduced; 
• The production people learned a lot from the optimization process and were able to pinpoint 

problems in process operations; 
• Valve maintenance has been reduced since valve movement was greatly reduced. 

The following graphics were obtained from the quality monitoring system: basis weight, dry 
weight and humidity  

Before        After 
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The graphics were generated by the quality monitoring system. Both graphics have the same 
scales. We observe the variability is greatly reduced. When analyzing them, the hidden 
oscillations disappeared after the optimization. The results have been the same for months. 
The basis weight was analyzed using ExperTune software: 

Before        After 
Time data  

 
Statistical analysis  

  
Power spectral density 

As shown by the power spectral density graphics, the hidden oscillations were greatly reduced. 
 The same results were observed for other loops.    

Return on investment: benefits vs. costs  
The computable benefits are:  

• Better performance of the paper machine: it starts easily after a grade change and breaks less 
often; 

• Better efficiency of the paper machine; 
• Increased production rate; 
• They estimate this to be $1 800 000 per year.  
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The non-computable gains are: 
• Better knowledge of the paper machine; 
• Better understanding of the process transferable to other paper machines; 
• Better operation of the paper machine; 
• People better trained to troubleshoot a paper machine problem; 
• Better product quality; 
• Reduced maintenance in the future. 

The costs for the entire process are: 
• Training and support by TOP Control; 
• Purchase of analysis and data acquisition software; 
• Labour time for optimization process; 
• Maintenance by mill staff; 
• Equipment replacement was not included since the equipment would have been replaced 

eventually. 

For a total cost of $68,000. 
This gives a return on investment of less than one month. Process optimization is one of the 
biggest return on investment plants can do today, since the objective is to be sure the actual 
equipment you already own works at its best. 
Preventive maintenance instead of reactive maintenance is another major benefit, since the 
maintenance people now have the tools and the skills to maintain their gains.  They are able to 
detect and to fix problems before they impact the production. They now use the same 
techniques on other paper machines and other sections in the mill. 
In process optimization, you plan to use the equipment at its best, you do not need new 
installations with all their procurement costs, engineering, installation and future maintenance 
cost. In fact the goal is to achieve the maximum performance possible with the actual 
equipment. 

Conclusions 
They save 1.8 million every year for investing $68,000.  The return on investment is under 1 
month.  A better quality and a more efficient paper machine are not the only benefits; the staff 
now has a better understanding of the process.  It now has a systematic approach to 
improving efficiency and quality through better process control. 

Credits 
TOP Control provides training and services for process optimization.   Sometimes they do all 
the work and other times they train plant engineers and technicians in the optimization 
techniques so they can optimize their own plant. Visit TOP Control’s Website at: 
www.topcontrol.com. .   
ExperTune analysis and optimization software was used.  See www.expertune.com. 
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