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The Concept of Value Activation II: The PrimWood Method  
for improved properties of hardwood products 

J. Johansson, D. Sandberg1 

Abstract 
The term "Value Activation" refers to the basic realisation that there are at the present time properties of wood that 
are not fully exploited, but which, with the help of a new sawing pattern, could be more fully utilized. The basic idea 
lies at an industrial level producing radial sawn timber with good profitability and with less and controllable moisture 
movement. It seeks an activation of those values of timber that have not yet been exploited in ordinary industrial 
production.  

This paper present one example of how the basic ideas in the concept of Value Activation can be implemented by the 
industry. A new manufacturing system, the PrimWood Method, producing radial sawn timber well adjusted to the 
conditions of the Swedish hardwood sawmill industry is presented. The manufacturing system generates knot-free 
and defect-free hardwood products with vertical annual rings. 

Utilizing the proposed manufacturing system in the Swedish hardwood sawmill industry would lead to an increased 
focus on hardwood in consumer products, to the benefit of forestry, the sawmill industry and the wood manufacturing 
industry. 

 
Introduction 
An important feature of the concept of Value Activation is the ability to produce radial sawn timber with 
vertical annual rings with e.g. small and controlled moisture movements. Within the Value Activation 
project the star-sawing pattern, Figure 1, was developed. The star-sawing pattern yields triangles and 
rectangles of wood with a high volume yield. The star-sawing pattern is utilized by the PrimWood 
Method where the sawn wood is processed into knot-free and defect-free wood products with vertical 
annual rings. The PrimWood Method has been described by Sandberg (2005) (Figure 1). This 
production system gives a volume yield in the production of knot-free boards and panels which is much 
higher than that reached by conventional sawing and post-sawing processes (Sandberg 1996, 1998, 
2005, Sandberg et al. 1996, 1998). 

The PrimWood Method has been tested on an industrial scale designed for a sawing capacity of 30 000 
m³Vub yearly. So far, the PrimWood Method has been limited to the processing of pine (Pinus sylvéstris 
L.) and spruce (Picea abies Karst.), the two dominating wood species in Sweden which has a total 
standing stock of 3 000 million forest cubic metres of which 84 % are softwood. The conditions for the 
Swedish hardwood sawmill industry are therefore different from the conditions for the softwood sawmill 
industry. 
In this paper, the conditions of the Swedish hardwood sawmill industry are studied more clearly and a 
manufacturing system, the PrimWood Method, suitable for these conditions is presented. 
 
Swedish hardwood sawmill industry 
The total production of sawn hardwood in Sweden in 2000 was 217 000 m³. In total, there were 13 
sawmills producing only hardwood and 20 sawmills producing both hardwood and softwood, with a 
yearly production exceeding 1 000 m³ sawn wood (Staland et al. 2002).  
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Figure 1 – The PrimWood Method is a production system for the manufacture of boards, components 
and panels with vertical annual rings. The log is sawn according to the star-sawing pattern and most of 

the juvenile wood is removed, after which the dried wood is further processed into knot-free 
components and panels. 

 

The main problems of the Swedish hardwood sawmill industry are related to the raw material. These 
problems are related partly to the difficulty of obtaining a sufficient quantity of the right quality and partly 
to the handling in the forest. The deciduous trees are often harvested together with coniferous trees 
and, since the volume of sawable hardwood is normally small compared to the softwood, the sawable 
hardwood often ends up as pulpwood (e.g. Bylund et al. 1997). Another problem is the market, where it 
is difficult to sell grades with knots and red-heart (Johansson 2005). 
Normally the hardwood is sawn through and through or square-sawn in Sweden. Drying the wood un-
edged is considered to be preferable, to reduce crack formation and shape defects. Most of the 
sawmills then process the products further and, in many cases, the products delivered by the sawmills 
are blanks adjusted to customer-specific end-products (Johansson 2005). 
 
Swedish deciduous forest 
Most of the hardwood sawmills and the deciduous forests are located in the southern and middle parts 
of Sweden (Götaland and Svealand) (Johansson 2005). The Swedish forest consists to 16 % of 
hardwood. The annual growth of this stand is 14 million m3Vub while the felling amounts to 6.3 million 
m3Vub. Of this amount, only about 300 000 m3Vub is used for wood-mechanical refinement (National 
Board of Forestry 2004). Most of the wood is instead used as pulp- or firewood.  
The distribution of tree species in the Swedish forest is indicated in Table 1. The most common species 
are spruce and pine (coniferous). Birch, which constitutes 10.5 % of the total forest volume, is the most 
common deciduous tree followed by aspen, alder, oak and beech in that order. The other deciduous 
trees are mostly sallow (Salix caprea), rowan (Sorbus aucuparia) and ash (Fraxinus excelsior).  
The PrimWood Method requires the raw material to have a top diameter greater than 28 cm. If the 
PrimWood Method is considered for implementation an adequate supply of raw material is crucial. The 
tested manufacturing system, with an annual capacity of 30 000 m³Vub may otherwise be too large. 
According to Johansson (2005), the existing hardwood sawmills process on average (median) 
approximately 6 750 m³Vub per year. The version of the PrimWood Method presented here is intended 
for annual production of 5–6 000 m3Vub. 
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Table 1 – The distribution of species in Sweden (Swedish National Forest Inventory 2005). 
Species of tree Percentage of  volume 

standing forest 
Spruce (Picea abies) 43.4 
Pine (Pinus sylvéstris) 38.7 
Birch (Betula pendula, Betula pubescens (Betula verrucosa)) 10.6 
Aspen (Populus tremula) 1.4 
Alder (Alnus glutinosa, Alnus incana) 1.2 
Oak (Quercus robur and Quercus petraea) 0.9 
Beech (Fagus silvatica) 0.6 
Other deciduous trees  0.9 
Dead trees 2.3 
Total: 100.0 
 
Description of the production system and the products 
The production system for the PrimWood method presented below is adjusted primarily for hardwood, 
but the technical performance is such that softwood can also be sawn. Besides the actual sawing unit, 
the installation includes the further processing of the dried wood into knot-free components with vertical 
annual rings. The sawn wood pieces with rectangular and triangular cross-sections are here called 
rectangles and triangles, respectively. The products obtained with the production system are: 
• Sawn rectangles and triangles which will be further processed. 
• Knot-free rectangles. 
• Knot-free glued triangles with either a rectangular or a rhombic cross-section.  
 
Description of the raw material 
Apart from the requirement for the top diameter to exceed 28 cm, the length of the raw material should 
not exceed 4.5 m, because of the negative influence of the tapering on the volume yield. Large ovality 
and crook should be avoided in order to minimize the effects of reaction wood. In other respects, there 
are no special requirements, e.g. with regard to the number or size of the knots. The timber must of 
course be free from decay or any other quality-reducing damage which is not normally acceptable.  
 
Sawing and drying 
The saw consists of a fixed vertical band saw with a carriage equipped with attachment and alignment 
devices for the log and its sawn parts, and which can be tilted ± 30° from the horizontal plane. Figure 2 
shows schematically the different stages which are necessary in the division of the log, viz: 
I. The log is placed on the carriage and aligned so that the pith and most of the juvenile wood can be 

included in the centre board. The log is fixed in this position with the help of clamping devices at the 
ends of the log and it is thereafter sawn into two "coffin lids" and one centre board. The coffin lid 
which is fixed with the help of the clamping device is kept on the carriage for continued sawing, 
while the other coffin lid is temporarily stored before the sawing continues. 

II. The coffin lid is aligned and the carriage is then tilted and locked at – 30°. A triangle is first sawn 
from the coffin lid, which is then transferred in a parallel direction towards the band saw and a 
rectangle is sawn.  



 56 

 
The carriage is then tilted to + 30° without 
changing the position of the sawn coffin 
lid. A parallel movement is made to give 
the correct setting and a triangle is then 
sawn. The wood block on the carriage is 
subjected to a further parallel movement 
and a rectangle is sawn. The fixed 
triangle is released. The next coffin lid is 
taken from its intermediate storage 
position and is sawn in the same way as 
the first coffin lid. 

III. The centre board is taken to a separate 
saw unit, e.g. a simple circular saw, for 
further division. The centre board is 
aligned so that the kerf can be placed 
through or as close to the pith as possible 
and it is then split into two rectangles.  

The edging of the rectangle is carried out 
parallel to the sapwood so that the wood 
becomes straight-grained and has almost the 
same heartwood distribution over the whole 
wood length, so-called taper edging (Figure 
3a). Before the edging, the rectangles have 
three different cross-section shapes. The two 
rectangles which come from the centre board 
are edged more on the face towards the pith 
in order to remove the pith and the juvenile 
wood. Operation IV and the edging of a 
rectangle are best done in an edging circular 
saw with a vertically adjustable  middle  saw  
blade  (three-saw edger). The edging of a 
triangle follows the sawn point, and this gives 
no taper edging (Figure 3b). The edging is 
carried out e.g. in a horizontal band saw or 
circular saw with feeding devices adapted for 
the triangular shape. 
Both the rectangles and the triangles are 
dried in a conventional compartment kiln. The 
triangles are stacked in groups of three or in 
blocks across the whole width of the package 
(Sandberg 2005). It is very important that the 
drying and the subsequent conditioning are 
carried out so that the wood becomes stress-
free and has uniform moisture content. 
 

 
Figure 2  – Principle of the method for sawing in 

accordance with the  
PrimWood Method. 

 
 
 

 
Figure 3 – Edging of a rectangle (a) and a triangle 
(b). The rectangles are taper-edged and the wood 
closest to the pith is removed. The triangles are 

edged practically parallel to the pith. 
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Figure 4 – Principle for the manufacture of components with a rhombic cross section from triangles. 
 I. a triangle is planed on its tangential surfaces; II. triangles are glued together in pairs; III. the glued 

component is divided into thinner components; IV. thinner components with rhombic cross sections can, 
if required, be edged to give them a rectangular cross section. 

 
 
Further processing into components 
After sawing and drying, the rectangles and triangles are processed to form knot-free components by 
removing defects and by finger-jointing. All defects and knots are cut away. The intermediate defect-
free pieces are either used as components or are finger-jointed into long lengths. The finger-jointing is 
carried out with high precision and this gives a tight joint, which is a market requirement.  
These production stages give knot-free components of rectangles and triangles, all with vertical annual 
rings. The rectangles have a traditional cross sectional shape which is accepted by the market, 
whereas the triangles so far have fewer fields of application.  
In order to produce wood with a rectangular cross section, triangles can be glued together in pairs with 
the tangential surfaces towards each other so that a rhombic cross section is obtained. Thereafter, 
these rhomboids can be split into boards with vertical annual rings (Figure 4). These boards can 
thereafter be edged so that the cross section becomes rectangular.  
The machine equipment to be used for further processing is conventional, but the holding and feeding 
devices may need to be adapted to the shape of the triangles.  
 
Discussion 
Today, the Swedish hardwood sawmills are in a difficult situation with competition from other countries 
where the conditions of raw material supply and the cost of labour are different and also with 
competition from other materials (Johansson 2005). For a sawmill to be competitive in Sweden, 
something unique must be offered to the customers. Implementing the PrimWood Method could give 
hardwood a new focus in Sweden.  
The knot-free and defect-free products generated by the PrimWood Method have a market segment in 
the market for traditional sawn hardwood. Hardwood is today used mainly for furniture, carpentry and 
floors (Johansson 2005). For these products mainly knot-free wood, even in colour and texture are 
demanded. Through the PrimWood Method, these requirements will be better fulfilled since the 
generated products are normally knot-free and defect-free.  
Traditional methods of obtaining vertical annual rings (quarter sawing) that have been used on 
hardwood give products that clearly show the positive effects on the properties of the material that 
vertical annual rings have. In the field of traditional handicraft folklore, hardwood with vertical annual 
rings is considered to be of a higher quality than the corresponding square-sawn wood (see e.g. 
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Paulsson 1938, Polaczek 1990, Lohmann 2003). Traditional sawing methods for producing wood with 
vertical annual rings have been shown to be inefficient in their utilization of the material and to give high 
production costs (Paulsson 1938, Desch et al 1996). In the case of the PrimWood Method, the volume 
yield has so far only been studied to minor extent on hardwood, but it can be partly assessed on the 
basis of information presented by Sandberg (1996, 1998, 2005) and Sandberg et al (1996, 1998). 
According to Sandberg (2005), the volume yield in the sawing of pine from log to edged, length-
adjusted and dried rectangles and triangles is on average 56 %. Preliminary studies on oak indicate 
that the volume yield will be at least the same as for pine. The PrimWood Method will therefore be very 
competitive compared to traditional sawing methods. 
The post-processing of the sawn hardwood products generated by the PrimWood Method will not differ 
greatly from the processing of softwood, except in one case, viz. the cross-cutting of knots and defects 
that are raw-material-dependent. In the knot- and defect-cutting of pine, according to an investigation 
reported by Sandberg (2005), there was a volume reduction of 20–25 %. Preliminary results from the 
sawing of oak indicate that the same or an even lower volume reduction will occur. For some hardwood 
species, the discoloured heart (red-heart or brown heart) must also be considered. In many cases, the 
discoloured heart is cut away when the wood close to the pith is removed. However, when a log 
consists of larger amounts of red-heart, the red-heart will to some extent remain in the products, but it 
will then always be oriented to one edge of the wood. It is then possible to either remove the 
discoloured heart with a resulting volume reduction or to use the discoloured heart to create interesting 
patterns in, for instance, panels. 
Sandberg et al. (2005) have shown that the distance between knots in pine wood sawn by the 
PrimWood Method will be greater compared to square-sawn wood. This relationship will also be valid 
for other species and it means that the volume yield will be greater when manufacturing knot-free and 
defect-free blanks and panels. The economic potential for the PrimWood Method is thus improved.  
A crucial factor for a successful implementation of the PrimWood Method for Swedish hardwood is an 
adequate raw material supply.  Today, most hardwood sawmills in Sweden are using timber with top 
diameter of 18–20 cm (Johansson 2005). The dimensional requirement (at least 28 cm in top diameter) 
for the PrimWood Method makes the volumes of Swedish hardwood timber strongly limited. The total 
stand of deciduous trees in Götaland, where the largest volumes of deciduous trees with breast height 
diameter exceeding 30 cm are found, is 64 million forest cubic metres (National Board of Forestry 
2004). If this stand were made available for saw timber production, this would result in considerable 
volumes, approximately 2 million forest cubic metres (if the growth is assumed to follow an average 
stand growth in Sweden for all species of approximately 3 %). It should be noted that large volumes of 
deciduous trees are found in areas where harvesting is restricted or where the trees are for other 
reasons not available for saw timber production.  
Since the Swedish deciduous trees were earlier considered unprofitable, they are often found in 
unmanaged stands and the trees may therefore often not be straight. Crookedness will be a problem in 
the sawing process and the effect of crookedness in the PrimWood Method should be studied further. 
Williston (1991) maintains that crooked timber may be sawn in shorter lengths to reduce the effect of 
crookedness on the volume yield. This method is practiced for instance when sawing birch in Canada 
(Clément et al. 2005). It may therefore be necessary to adjust the PrimWood Method in order to be able 
to handle shorter logs. 
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Conclusions 
The manufacturing system proposed in this paper is judged to have a great potential for application in a 
commercial production unit. The results indicate that the method gives a high volume yield and also 
quality-raising benefits for the sawn wood. This is supported by extensive investigations which have 
been carried out for pine, but it must of course be verified for all the types of wood which it is planned to 
process by the procedure here proposed. 
The proposed system is well adapted to prevailing conditions in southern parts of Sweden regarding 
raw material supply and marketing potential.  
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