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AGENDA

• Boise Inc. background

• Overview of the PI System

• Business challenges faced by our industry

• Overview of our data mining application

• Data mining considerations

• Case Studies

– Chemical cost savings

– Production debottlenecking

– Paper machine maintenance/runnability

– Vendor analysis
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Boise Inc.

• We manufacture packaging products and papers including 

corrugated containers, containerboard, label and release and 

flexible packaging papers, imaging papers for the office and home, 

printing and converting papers, newsprint, and market pulp

• We operate five paper mills, five corrugated products plants, a 

corrugated sheet feeder, a corrugated sheet plant, two distribution 

facilities, and a transportation business

• We are the third-largest manufacturer of office paper; you may have 

seen our distinctive Boise® X9 ® papers in your workplace
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International Falls has a 100-year 

history of making paper



© Copyright 2010, OSIsoft LLC. All rights reserved.

Boise Inc. International Falls mill

• Located on the Canadian border in Minnesota, town of 6500 people
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Overview of the PI System

• Boise Inc. is a long-time PI user, dating back to the mid 1990s

• All of our mills have PI systems and use ProcessBook extensively

• PI DataLink is used principally by engineers for analysis as well as 
for daily reports

• Boise International Falls employs 850 people, and produces 1500 
tons/day of predominately cut-size paper

• Windows Active Directory network, 60 servers, 500 client 
workstations

• Our PI server currently has 55K tags and is fed from 12 interfaces

• Like many of you, our tag naming convention is based on control 
loop tags
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Business challenges faced by our 

industry

• Producing paper is capital intensive

• Constant pressure to reduce variable costs

– Vendor-supplied chemicals

– Process optimization

– Undetected maintenance upsets

• Reducing fixed costs is also a focus

– Do more with less

– Increase asset utilization
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Data Mining application overview

• PI contains millions of data points; it is easy to analyze a particular 

tag, but difficult to analyze all tags

• We use Envoy Development’s Cluster Analysis Tool to analyze            

PI data 

– Envoy has a patented application that identifies  when a Key 

Performance Indicator (KPI) changed and the PI tags that changed at 

the same time

– Data collection is divided along process units

– Runs on a scheduled basis, typically once per day.  It takes about 10 

minutes to collect data from 2000 tags

– Can calculate the correlation between a KPI and 2000 tags in about two 

minutes

– Analysis is done on a server and presented on a web page

– We use ProcessBook to display our KPI web pages
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Real-time cost data in PI
• To many senior executives, the only real repository of 

cost data is the ERP system.  But there are tremendous 

advantages to storing them in PI.

• Calculating real-time costs in PI has advantages 

• Single number that characterizes cost allows us to determine 

holistically the “health” of a process

• In our industry, hydrogen peroxide can substitute for chlorine 

dioxide; the amount of sodium hydroxide (caustic) used is to a large 

extent based on chemical load in the front end of our bleach plant. A 

number that sums all of these costs allows us to optimize cost more 

efficiently
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There are also caveats

• Constantly updating raw material costs to reflect reality is 
counterproductive; operators and engineers don’t know if 
changes in cost are due to process improvement or raw material 
cost improvement

• Some real-time costs are impacted by recycled fiber, chemicals, 
and additives. When this recycled product is added, virgin 
materials are automatically reduced, creating a lower real time 
cost.  Obviously, recycled materials are recycled because of a 
quality issue.

• Optimizing costs on one shift can cause the next shift to have to 
make up for it.

• The point here is that chasing real time costs is often 
counterproductive; the value lies in identifying systemic change 
that impact those costs. 
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Case study: Reducing bleaching 

costs
• Bleaching costs increased substantially after our 2009 

annual outage

• We weren’t sure what caused the problem
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Bleaching overview
Wash

Apply Chemical

Retain in Tower

Wash

Apply Chemical

Retain in Tower

Wash

Apply Chemical

Retain in Tower

DC Stage 
Chorine dioxide reacts with lignin to form 
chloro-lignin compounds

EO Stage 
Caustic added to increase pH so chloro-
lignin compounds become soluble; 
hyrdrogen peroxide added to increase 
brightness

D Stage 
Chlorine dioxide added to increase 
brightness
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DC Stage from PI ProcessBook
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Our KPI Dashboard in 

ProcessBook
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Our KPI Dashboard in 

ProcessBook

Clicking here reveals this…
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Cost CUSUM and TimeSeries



© Copyright 2010, OSIsoft LLC. All rights reserved.

A Simple Time Series Chart…

• Chart at left is a normal 
time series chart

• In this case, the date of 
change is obvious, but in 
reality, a time series chart 
is not the best way to 
identify changes
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CUSUM Chart

• Chart at left is the same 

normal time series chart

• The CUSUM chart shows 

us exactly when the 

change occurs, in this 

case, Jan 5
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Cost CUSUM and TimeSeries

Costs increased on April 25, 2009

The chart on the left is 
like the first derivative 
of cost – if the line is 
going down, costs are 
below average.  An 
inflection point shows 
when costs changed. 
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Tags that changed significantly are shown when a 

user clicks “View Max/Min Correlations”

This tag changed 
dramatically
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Dead tags and changes since last 

run are identified

A controller that is 
maxed out or 
completely shut off will 
show up on the dead 
tags list
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Tags that correlate to cost are automatically 

ranked in order of importance

Note how D and 
EO chemicals 
correlates to 
cost – more so 
than D/C, which 
doesn’t even 
show up
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What happened? We used the Envoy add-in 

to find out

The baffle positioner 
on the EO washer 
failed; this resulted 
in a loss of washing 
efficiency
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Summary

• When the EO washer baffle failed, washing efficiency 

dropped

• D raw brightness dropped dramatically

• Operators added peroxide in the EO stage

• Peroxide, when not washed out, acts as an anti-chlor, 

meaning even more D stage ClO2 was added

• The corrective measure was to cut peroxide and of 

course, repair the baffle actuator

• This move saved between $3,000 and $4,000 per day, 

depending on whether we bleach hardwood or softwood
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Dashboard view a few months later for hardwood
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Same view for softwood, which is not produced as 

often as hardwood



© Copyright 2010, OSIsoft LLC. All rights reserved.

Another success story

• Our largest paper machine produces 335,000 tons of 

paper yearly

• Sheet breaks are a Key Performance Indicator. They 

require the entire machine to be rethreaded for 

production to resume, causing a loss of efficiency

• Nov. 2: Detected that sheet breaks increased 

dramatically
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Normalized breaks 1 days

• Nov. 2: Breaks 
increase dramatically

• Absolutely a 
mechanical-E&I-
Process Control issue, 
not a pulp change, etc.

-60.00

-50.00

-40.00

-30.00

-20.00

-10.00

0.00

10.00

-60.00

-50.00

-40.00

-30.00

-20.00

-10.00

0.00

10.00

Normalized Breaks 1 days [Normalized Breaks 1 days]Variable began to decrease Variable began to increase

Apr/24/09

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

Time Series Trend for Normalized Breaks 1 days



© Copyright 2010, OSIsoft LLC. All rights reserved.

South Vac Pump HP Seal Wtr
This pressure spiked on Oct. 31
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Vacum Pump HI PRS Seal Wtr
Significance unknown, but apparent not running normally
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Vacum Pump HI PRS Seal Wtr
Controller shut off for months came on suddenly. Again, we didn’t know what it 

meant, so we shut down the pump to inspect it
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Results

• Pump full of scale

• Surmise it broke loose when we shut pump 

down a few days prior

• Seal water tags did not indicate what was wrong, 

only that things were operating way outside of 

normal specs

33
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Evaluation of a trial

• Chemical vendors often promise to reduce 

costs, improve quality, or increase production

• Vendors today all use PI to “prove” their case

• We use PI as well, only we use automated data 

mining techniques from Envoy

34
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Summary of data
Vendor insisted their trial reduced costs – but it wasn’t even close

Analysis done in a matter of minutes using Envoy software
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One More Caveat…

• Historical data is corrupted by human and 

control policies

– Correlation does not mean causation

– Manipulated variable and controlled variable: 

a big difference

• Data analysis on manipulated variables often 

shows relationships that are the opposite of what 

you would expect

• This means the “lever” is overvalued
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Example

– Most people expect chemical costs in a bleach plant 

to correlate with the brightness of the pulp, but in 

reality, the correlation is often negative: lower 

brightness pulp has a higher cost.   The human or 

control policy is to cut chemical when brightness is 

above target.  When brightness is below target, the 

operators add chemical.  If something else such as 

pH is wrong, adding chemical will not fix the problem 

– it will only increase costs.
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Key findings

• All historians are not created equally

– PI allows us to collect data in an automated 
fashion with lightning speed

– The ability to filter on the server is critical; not all 
historians can do this

• Every night we analyze thousands of tags to 
identify what drives our KPIs

– PI never “hiccups”

– The amount of historical on line allows us to look 
at long term statistical relationships
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Questions?



Thank you
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