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Results from a case study at Södra Cell

Dag Molteberg, Södra Cell R&D
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Why case study

How to make practical use of fibre property and paper property 
models for a pulp mill?
Ideas:
– Learn more about the effect of wood and fibre properties on pulp

and paper properties
– Can raw materials from different origin cause differences within

the same product produced at different mills?
– Investigate possibilities for increasing production volumes within 

special grades
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Different fibres for different products

Coarse, long 
fibres

LowHigh bulk & tear
Open sheet

Wood containing 
journal paper
Magazine paper
Speciality paper

Medium 
coarseness
Medium length

MediumCombinationWood free 
printing & writing
Speciality paper

Thin-walled 
fibres
Low coarseness
Short fibres

HighStrong, close 
sheet
Good bonding
Good formation

High quality 
printing & writing
Tissue paper

Fibre 
characteristics

Sheet density 
(Fibre flexibility)

Paper 
properties

Application
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Making use of models 

Wood
Log type
Diameter
Growth rings
Species
Origin

Fibre
Length
Width
Wall 

thickness

Pulp
Density
WRV
Tensile
Z-span
Tear

Innovood
- models

Södra-
input

STFI-
models
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Data from pulp mills

3 mills located in Norway and Sweden

Wood raw material:
– Scots pine and Norway spruce roundwood
– Saw mill chips (softwood) and imported softwood and hardwood not

included in this study
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Pulp log properties

Today: only volume, felling type (thinning / final cut) and species 
are normally registered. 
Needed extra information. From extraordinary measurements:
– Average log diameter, mix of species, geographical origin, felling 

type of each bundle
– Diameter, # rings, ring width, and species measured for 10-20 logs 

in each bundle
Registration of pulp log properties
– 543 bundles from 3 mills -> 6721 logs measured
– Time consuming!

Bundle
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Models for fibre and pulp & paper properties

Fibre dimensions (from log properties)
– Length, width, wall thickness

Paper properties (from fibre dimensions)
– WRV (water retention value) 
– Sheet density
– Tensile index
– Z-span (fibre strength)
– Tear index
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Models for fibre dimensions

Models developed by STFI *
– N. spruce and S. pine in Sweden 

Describes variation in trees, not single logs.
– Assumptions made about origin in tree and tree properties for each log to 

compensate for this
– Log diameter, age and annual ring width are real and of (much) higher 

significance for fibre dimensions than variables with assumed figures.
Same models used for logs from Norway
– Models not validated directly, but internal Södra models for Norway give 

approximately same results 

* Lundqvist S.-O., Grahn T., Hedenberg Ö. (2005): Models for fibre dimensions in different softwood species. 
Simulations and comparison of within and between tree variations for Norway and Sitka spruce, Scots and Loblolly 
pine. IUFRO fifth workshop “Wood quality modelling” Auckland, New Zealand, Nov 22-27, 2005. 14 pp.

 
 
 
 
 



 

Innovative use of wood and fibres 
STFI-Packforsk report no. 268 

Presentation 8.2 127 
 

  

 

Innovate
wood

Models for pulp and paper properties

Developed as part of the case study
– Based on Innovood material
– Unbleached, never-dried laboratory pulps

Few samples (12), but very large range. Suitable for modelling
Input variables
– Fibre dimensions: 

• FL (fibre length)
• FW (fibre width)
• FWT (fibre wall thickness)

– Species (pine and spruce)
– PFI (refining revolutions in PFI mill)

Modelling method: Multiple regression
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Models for pulp and paper properties
Unbleached, unrefined, never-dried laboratory pulp

1,800,903,048,08-12,2CommonTear index

23,73,2137,6Spruce

18,00,4523,73,2120,2PineZ-span

-35,3180,4Spruce

10,40,83-35,3169,3PineTensile index

22,80,95-148-6,091276CommonSheet density

0,0390,91-0,101-0,1352,31CommonWRV

RMSER2FWT
Fibre wall 
thickness

FW
Fibre 
width

FL 
Fibre 

length

InterceptSpeciesModelled 
Property
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Ranking of effects with stepwise regression

1,80,91
FL*PFI

0,91
FWT*PFI

0,90
FL

0,85
FWT
0,75

Tear index

18,00,45
Species

0,45
FWT
0,36

FW
0,29

Z-span

10,40,83
Species

0,83
PFI
0,79

FWT
0,68

Tensile 
index

22,80,95
FW
0,95

PFI
0,93

FWT
0,68

Sheet 
density

0,0390,91
FWT
0,91

PFI
0,77

FL
0,62

WRV

RMSETotal R2Rank 4Rank 3Rank 2Rank 1

Ranking of effects by stepwise regression. Effect on R2  1)
Modelled 
Property

1) The R2 value is calculated from the first effect alone for rank 1, for the first and second effect for rank 2 and so on.

 
 
 
 

Innovate
wood

Results

Variation of 
– Log properties
– Modelled fibre properties
– Modelled pulp and paper properties

Scenarios:
– Current wood segregation
– Additional ways of wood segregation
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Variation of log diameter
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200028911830183N
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17,313.216,816,7Average
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Variation of log age
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0,94

3,15
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Variation of modelled fibre width
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Variation of modelled fibre wall thickness
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Variation of modelled pulp & paper properties
Unbleached, unrefined, never-dried pulp

Mill 3Mill 2

2,818,12,617,32,918,5Tear index

8,02088,32037,9210Z-span

12,182,99,185,911,283,8Tensile 
index

426693568642668Sheet 
density

0,0601,660,0591,680,0621,65WRV

St.devAverageSt. devAverageSt.devAverage
Mill 1Modelled 

Property
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Scenarios: wood segregation

How will different segregation “rules” influence on amount and 
properties of wood compared to current wood classes?

Simulation of two cases with the presented data and models
– S. pine separated from N. spruce wood
– Top logs separated from final cut
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Current wood 
classes: 
thinning and 
final cut

6922,522,553,821,140 %Thinning

6542,752,962,542,060 %Final cut3

7132,432,463,021,321 %Thinning

79 %

48 %

52 %

Portion of 
volume 
per mill

1,9

3,6

2,4

Log ring 
width

40,4

22,8

41,3

Log age

6792,672,76Final cut2

6912,532,65Thinning

6472,823,05Final cut1

Sheet 
density

Fibre wall 
thickness

Fibre 
lengthWood classMill

600

700

800

Final cut Thinning

S
he
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Separation  
of pine

6502,813,092,441,143 %Spruce, final cut1

7032,472,693,622,939 %Spruce, thinning

6712,642,532,140,520 %Pine

7172,382,603,820,927 %Spruce, thinning

6612,733,052,641,840 %Spruce, final cut3

6402,802,652,934,033 %Pine

16 %

64 %

18 %

Portion of 
volume 
per mill

3,1

2,0

3,0

Log ring 
width

21,4

38,7

32,8

Log age

7262,372,52Spruce, thinning

6812,672,80Spruce, final cut2

6362,832,68Pine

Sheet 
density

Fibre wall 
thickness

Fibre 
lengthWood classMill

600

700

800

Spruce FC Spruce Th

S
he

et
de

ns
ity

Pine

692

654

713

679

691

647
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Separation of 
top logs from 
final cut

7132,432,463,021,321 %Thinning

6772,652,773,023,013 %Final cut, top logs1

6912,532,653,622,848 %Thinning

6632,762,921,651,250 %Final cut, rest

6922,522,553,821,140 %Thinning

6802,602,713,223,418 %Final cut, top logs3

6432,823,072,250,042 %Final cut, rest

28 %

39 %

Portion of 
volume 
per mill

2,6

2,2

Log ring 
width

21,0

47,6

Log age

7082,502,49Final cut, top logs2

6362,873,14Final cut, rest

Sheet 
density

Fibre wall 
thickness

Fibre 
lengthWood classMill

600

700

800

Top log FCRest FC
S

he
et

de
ns

ity
Thinning

692

654

713

679

691

647
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More wood classes:

The quality potential from more segregated wood must be 
weighted against costs
– Increased pulp quality does not give higher prices!

Example: segregating pine or top logs from other wood
– Transportation and handling costs may increase
– Small suppliers may have difficulties fulfil minimum volumes
– More complex wood handling at mill
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Conclusions

Several pulp and paper properties were found to be highly 
dependent of fibre dimensions. 
Differences in origin and composition of wood between 3 pulp 
mills resulted in differences in both level and variance of fibre 
and pulp properties for the same mills
Separation of pine and top logs from the other wood classes 
resulted in more extreme pulp and paper properties
Such models are very useful when comparing segregation 
strategies for one ore more pulp mills

 
 
 
 
 




