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Abstract 

 

According to different scenarios, the consumption of lignocellulosic raw material leading 
to competition is increasing for raw material for use in the board industry, the energy 
conversion industry, and the pulp and paper industry. The primary production of 
lignocellulosic raw material in some regions may therefore reach the limit of 
sustainability, and this means that the lignocellulosic raw material must be used more 
effective to reduce the risk of a shortage. The physical and chemical properties of the 
lignocellulosic raw material of selected species have therefore been surveyed and the raw 
material properties which are important for each of the three competitors have been 
defined. A comparison between the properties of the various lignocellulosic raw materials 
and the requirements of the competitors for their products shows which raw materials 
face a high competition and which raw materials may open new opportunities, and at the 
same time lower competition because of their extraordinary properties.  
The aim of the study is to characterise the lignocellulosic raw materials according to the 
three competing users and to show whether these is high or low competition. This is done 
by studying the restrictions found in the literature in combination with a statistical 
analysis. This method leads to results showing that the highest competition is for the 
coniferous species, while the properties of monocotyledons differ greatly from the 
properties of wooden species resulting in low competition. Wood species grown in short 
rotation plantations show a high potential for all uses and not only for energy purposes.  
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The competition for the lignocellulosic raw material between the particleboard industry, 
the energy conversion industry, and the pulp and paper industry is becoming increasingly 
tight. There are forecasts showing that already in 2020, the European consumption of 
wood can be as large as Europe’s combined forest growth increment (Jonsson et al. 
2011). An increasing proportion of the wood is expected to be used as fuel for heating, as 
propellant fuel or to generate electricity, i.e. applications that compete directly for the raw 
material used today in the particleboard and pulp and paper industries. Recently, 
approaches have been made to reduce the use of wood in particleboards by introducing 
other materials such as polymers, starch-based granulates, and monocotyledons like hemp 
or agricultural residues (Kharazipour et al. 2011; BASF 2013; ELKA 2013; Pfleiderer 
2013; WKI 2013). Monocotyledons not only give an opportunity to substitute wood but 
also have the advantage of reducing the weight of the boards (Boquillon et al. 2004). 
These developments lead towards specialized wood-based panels for certain applications 
and towards multi-component and multi-layered materials (Shalbafan et al. 2012). 
Nevertheless, not every raw material can be used for particleboards, as there are technical 
restrictions related to the material properties. For particle and fibreboards as well as OSB 
(oriented strand board) there is a relationship between the raw material and the board 
with regard to density, stiffness, strength, dimensional stability, internal bond strength, 
surface strength and appearance (Lundqvist and Gardiner 2011). Some properties like 
dimensional stability, internal bond strength, surface strength, and colour are influenced 
by additives during the production process (Grigoriou 2000; Frazier 2003; Frihart 2005; 
Xu et al. 2009; Saravia-Cortez et al. 2013) such as heat, pressure and closing speed of 
press (Kelly 1977; Kruse et al. 1997) or by the design of the particles and the product 
(Han et al. 1998; Hacke et al. 2001). A challenging feature is the contact area between 
particle and the adhesive, matrix, or environment.  
For thermal energy recovery, important material properties are the moisture content, the 
calorific value, the proportions of fixed carbon and volatiles, the ash or residue content 
and the alkali metal content (McKendry 2002). The calorific value per mass is similar for 
different species, but the ash content and the ash softening point can differ strongly 
(Oechsner 2009). Among the European wood species, the softwood species have higher 
calorific values and higher ash melting points, but also higher ash contents than 
hardwood species (Schreiner 2009). Both, the ash content and the melting point are 
influenced by the chemical composition. The melting point decreases with increasing 
amount of potassium and sodium, while calcium, magnesium and aluminium increase the 
melting point (Biedermann and Obernberger 2005; Oechsner 2009). And low melting 
points, slagging, deposit formation, and corrosion cause problems in firing systems 
(Biedermann and Obernberger 2005). In general, all economically favourable 
lignocellulosic raw materials are nowadays used for thermal energy recovery, but density 
and moisture content have a strong impact on the transaction costs (Hamelinck et al. 
2005; Altman et al. 2007; Möller and Nielsen 2007), and the calorific value per volume 
varies greatly (up to a factor of 20) depending on the species (Biedermann and 
Obernberger 2005).  
For the pulp and paper industry, the dimensions, slenderness ratio, flexibility coefficient 
and Runkel-ratio of the plant fibres are important (Ververis et al. 2004). In particular, for 
paper made of fibres from hardwood, the length-to-diameter ratio is important because 
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the fibres are shorter (Horn 1978). The strong influence of fibre length and cell wall 
thickness on the mechanical properties of paper has been shown in many tests (Horn 
1978; Horn and Setterholm 1990), and there is a direct proportional relationship between 
tensile strength and cellulose content (Madakadze et al. 1999). Fibres for paper should 
generally be long (better fracture properties and wet strength of the paper) but not too 
long (negative influence on formation), thin-walled (better surface and optical properties) 
and flexible (positive for strength properties but negative for bulk) (Lundqvist and 
Gardiner 2011). According to the literature fibres with a long length, high slenderness 
ratio (>33) and low Runkel ratio (<1) are the best for pulping and papermaking (Xu et al. 
2006). According to other sources the slenderness ratio of the fibrous material should be 
not less than 70 to be suitable for quality pulp and paper production (Shakhes et al. 2011) 
and the Runkel ratio should not exceed 1.25 (Antwi-Boasiako and Ayimasu 2012). The 
flexibility coefficient, which is an expression for the collapse of fibres resulting in surface 
contact and fibre-to-fibre bonding is also important and should exceed a value of 50 
(Antwi-Boasiako and Ayimasu 2012). 
 

Objectives 
 

The objective of this study is to show the competition for different species by estimating 
the relatively best use of different lignocellulose raw materials for the particleboard 
industry, the thermal energy recovery industry and the pulp and paper industry, on the 
basis of some physical and chemical properties.  
 

Materials and Methods 
 

Literature data regarding the raw material properties of 21 species were collected. The 
species included 5 coniferous species (Picea abies, Pinus sylvestris, Abies alba, Larix 
spp., Pseudotsuga menziesii), 12 broad-leaved species (Betula spp., Alnus glutinosa, 
Populus nigra, Populus tremula, Populus tremula x P. tremuloides, Salix spp., Fraxinus 
excelsior, Fagus sylvatica, Quercus spp., Tilia spp., Acer plantanoides, Paulownia spp.) 
and 4 monocotyledon species (Miscanthus spp., Phalaris arundinacea, Triticum spp., 
Brassica napsus). 
The literature data include fibre properties (length, diameter, lumen, wall thickness), 
amount of fibres, wood density, contact angle of water, calorific value, ash content and 
melting point, and the pH-value. The raw material requirements of the industries 
including limitations or advantages are presented in Table 1. 
The species are classified in relation to the properties of the raw material in two ways: (1) 
The species are compared relatively to each other and to the groups of competitors after 
the literature data have been standardised to a value between 0 and 1. This method 
includes the selected limits presented in Table 1. (2) A hierarchical Cluster analysis 
(SPSS) also with standardized data in the range of 0 to 1. Ward’s method with squared 
Euclidian distances as intervals was chosen for the cluster analysis. The monocotyledon 
species were excluded from the cluster analysis as their raw material properties differed 
too much. The combination of the relative method and the cluster analysis gives further 
information about the competition of the different species regarding their raw material 
properties. 
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Table 1. Overview of the criteria for classification of the raw material into those 
relatively best suited for particleboard production, thermal energy recovery and pulp- 
and papermaking including the limitations or advantages given in the literature. MC – 
moisture content. 

 Criterion Unit Explained by Limitations/ 
Advantages 

Particleboard 

Density g/m3 Mass at MC=15% 
Volume X < average 

Wettability ° Water drop contact angle X < 70° 

pH-value - pH X > average 

Amount of fibres % Percentage of fibres X > average 

Energy 

Calorific value  MWh/m3 Mass at MC=15% 
Volume X < average 

Ash content % In percentage of mass at 
MC=15% X < average 

Ash melting point °C chemical composition (Ca+Mg 
: K+Na) X < average 

Pulp and 
paper 

Slenderness-ratio - Length of fibre   
Diameter of fibre X > 70 

Flexibility 
coefficient - Lumen diameter 

Diameter of fibre X > 70 

Runkel-ratio - 2 * cell wall thickness 
Lumen diameter of fibre X < 1.25 

  
 

Results and Discussion 
 

The results of the relative classification are presented in Fig. 1, with the relative 
suitability for thermal energy recovery in the x-direction, that for pulp and paper in the y-
direction and that for particleboard industry in z-direction.  
The coniferous species show the highest suitability for all three competitors followed by 
some broad leaves species such as Fraxinus excelsior, Alnus glutinosa and Betula spp.. 
Species showing a relatively low suitability are Tilia spp., Populus nigra, Salix spp., 
Populus tremula x P. tremuloides and Paulownia spp.. The distance between the 
monocotyledon species and the wooden species is relatively high due to the large 
differences in their raw material properties. 



Barnes, H.M. & Herian, V.L. (Eds.) Proceedings of the 57th International Convention of 
Society of Wood Science and Technology, June 23-27, (pp. 287-295),  Zvolen, Slovakia 

Paper A-1           
 

 
Fig. 1. Relatively best use of raw material presented relative to each other and for use in 
the particleboard industry, for thermal energy recovery and for pulp- and papermaking.  
 
The dendrogram of the hierarchical Cluster analysis (Fig. 2) presents the distances of the 
wooden species from each other based on their raw material properties. Since the factor 
analysis gave a KMO of 0.531 with sig. p < 0.000 after excluding the monocotyledon 
species, no dimensional reduction of the properties as input data was made.  
 

 
Fig. 2. Dendrogram of Cluster analysis of the wooden species using the Ward Linkage 
method. 

Species 
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The combination of both the “relative classification” and the “classification by the 
hierarchical Cluster analysis” can be interpreted as follows: 
 
Cluster 1: highest competition: species which show values of at least 90% for one 
competitor and at least 60% for the other competitors in the relative classification. In the 
dendrogram, these are the species from Pinus sylvestris to Pseudotsuga menziesii. 
 
Cluster 2: medium competition: species which show values between 60% and 90% in 
the relative classification. In the dendrogram, these are the species from Populus tremula 
to Populus nigra.  
 
Cluster 3: low competition: species which show at least one value lower than 60% but 
still more than 50% for all values in the relative classification. In the dendrogram, these 
are the species from Fagus sylvatica to Quercus spp.. 
 
Cluster 4: lowest competition: species which show values lower than 50%. These are the 
monocotyledon species in the relative classification not included in Cluster analysis as 
their raw material properties differ too much from those of the wooden species. 
 
These two methods leave space for interpretation but their combination shows the 
relatively most suitable use and the competition, since the cluster analysis also groups the 
species regarding their distances but includes no further definition. Other competitors 
such as the sawmill or the cellulose fibre industry were not included in this classification. 
The group for thermal energy recovery was defined by raw material properties but in 
general all the species listed here can be used for energy production. The bioenergy 
sector with short rotation plantations, for example, nowadays uses exactly those species 
which show the lower competition. This raw material might however be suboptimal for 
this purpose, as the calorific value per volume and the ash melting point are relatively 
low while the amount of ash and moisture content at harvest are relatively high compared 
to the species grouped as those most suitable for energy conversion. Nevertheless, this 
raw material might also be suboptimal for particleboard production because of the low 
density, amount of fibres etc. Overall, it is becoming obvious that it is very difficult for 
the particleboard industry to find alternative raw materials as either the competition is too 
high or the raw material properties are too low. 
 

Conclusion 
 

The aim of the study was to classify the raw materials of different species according to 
the needs of three competitors: the particleboard industry, the thermal energy recovery 
and the pulp and paper industry. This was done by combining two methods: (1) the 
species were classified relative to themselves with regard to the three competitors based 
on their relatively most suitable use. (2) A cluster analysis was used to give a more 
objective grouping and distances between the groups to see between which groups the 
pressure of competition is higher according to the material properties. The combination 
of both methods resulted in a ranking of the competition between the species. It can be 
concluded that in general (a) the coniferous species show the highest competition, being 
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the most suitable for all three competitors, (b) the deciduous species with lower densities 
such as poplar, aspen and paulownia seem to have much less competition and seem to be 
to the same extent suitable for both particleboard production and thermal energy 
recovery, while (c) the monocotyledons were generally excluded as their raw material 
properties differ too much from those of the wooden species. 
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