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ABSTRACT: Wood is a lignocellulosic raw material that is used for a diversity of industrial products. Besides the 
traditional uses of wood in the construction, pulp- and papermaking and furniture industries, the energy recovery 
industry based on renewable resources such as wood has been growing strongly during recent years. Like all 
resources, wood is available only in limited amounts and an increasing demand leads to greater competition among 
the wood-using industries. By defining a strategic cube it was possible to visualise the impact of the different 
parameters on the types of wood raw material available. Further, the method supported estimations of the changes in 
the mix of wood raw materials when one or more of the parameters was changed. 
The results show that, in addition to the available land and to the climate conditions, the demands of the different 
sectors of wood-using industries have a strong impact on the amount of raw material available for energy purposes. 
Climate change and innovation or trends in the wood-using industries, for example, influence silvicultural 
management, and this then affects the mix of raw materials. The results challenge the studies estimating that large 
amounts of raw material available for energy purposes relate only to land. 
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1 INTRODUCTION 

 
Wood is a raw material which has multiple uses, and 

different industries can use different types of raw 
material for their particular products. One example is the 
use of wood of smaller diameter or the by-products of 
timber processing to produce particleboards, thermal 
energy, or pulp and paper. If an increasing amount of 
wood is used as fuel for heating, as propellant fuels or to 
generate electricity, a shift in the amounts of raw material 
available for the different industries can be expected, 
because wood is available only in a limited amount as the 
land area for its production is limited. Such a shift in the 
demand for raw material in general has an effect on all 
the other wood-using industries and on the price of wood 
as raw material [1, 2]. Some wood-using industries such 
as sawmills may profit from such a shift in the use of the 
wood raw material [3], but they can also be affected 
negatively, particularly when increasing prices make it 
more profitable for forest owners to sell wood for energy 
purposes in short rotation cycles instead of producing 
wood for timber in long cycles.  

The history of land-use in combination with climate 
and soil has a large impact on the forests and is changing 
with time [4, 5]. Plantations are a very efficient way to 
achieve and secure a specific product and the area of 
forest plantations is therefore expected to increase [6, 7]. 
To increase the biomass production even further, 
plantations can be cultivated with foreign species. The 
benefit of an increased biomass production is that less 
area is required for the production of a given quantity [8]. 
More than half of the plantations are located in the 

temperate and hemiboreal climate zones [9] but the  
productivity per unit area is much higher in the tropical 
plantations than in the temperate and hemiboreal 
plantations [10]. 

Climate, soil conditions and silvicultural operations 
have a strong impact on the growth rate of trees. In the 
temperate-favoured regions water, especially in the form 
of precipitation, is often the limiting factor for growth 
[11-13]. Changes in temperature and precipitation are 
influencing the forests. Over the last 100 years, the 
temperature has in general been increasing and this has 
also affected the precipitation [14]. Low temperatures 
lead to slower mineralisation processes and a lack of 
nutrients may have a negative impact on the growth of 
trees and on the wood properties [15]. Fertilisation in 
combination with irrigation could increase the biomass 
production of Norway spruce in northern Sweden by 
300% [16].  

Softwoods show a lower additional growth potential 
at higher temperatures than hardwoods [17], and this 
means that a change in climate can lead to a change in the 
mixture of species. Nowadays, the focus of timber 
production in the temperate and sub-boreal climate zones 
is on softwoods whereas in the tropical regions 
hardwoods predominate [9]. Indirect effects of 
temperature change are for example a change in the 
occurrence of forest insects and diseases such as the 
mountain pine beetle in North America [18].  

Under given climate conditions, some species show 
higher growth rates than others, especially in younger age 
classes and this favours their use for cultivation for the 
purpose of biomass production [19]. This can be 
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explained by the correlation between the total growth of a 
species, its current annual increment (CAI) and its mean 
annual increment (MAI) [20]. An early culmination of 
the CAI is based on a high gradient of the growth curve 
in young age classes and leads to an earlier culmination 
of the MAI. This leads to a higher potential for biomass 
production in young age classes but also an earlier 
culmination of the maximal biomass production. Besides 
the selection of species, breeding is a common way to 
increase biomass production [21].  

On the standlevel, the increment or productivity is 
related not to the single tree but to a defined area. The 
trees within a stand participate in interactions which have 
a strong influence on the growth rate of the individual 
trees. To achieve high yields in biomass production, a 
trade-off is required between the increment of the 
individual tree and the stand density or number of trees 
per area, as single trees with larger crowns show a higher 
increment than smaller trees but the stand growth for 
larger trees decreases with increasing age of the trees 
[22]. Besides the position of the single tree within the 
stand, the mixture of species also influences the 
productivity of the stand per area [23].  

An increase in the annual production of wood per 
area allows earlier harvests as the required diameters are 
reached within a shorter time. A negative aspect of this 
concept is that a reduction in harvesting cycles leads to a 
larger amount of juvenile wood which differs from the 
mature wood in anatomical and physico-mechanical 
properties such as shrinkage behaviour and wood density 
[24-27]. These differences in wood properties can have a 
negative impact on the mechanical properties and quality 
of semi-finished products if these products are 
manufactured from wood with large amounts of juvenile 
wood [28]. 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, 
whereas the important properties for particle- and 
fibreboards as well as OSB (oriented strand board) are 
the mechanical properties of the wood [29] and for pulp- 
and papermaking they are fibre properties [30].  

Different silvicultural operations lead to different 
types of forests, depending on the focus of the raw 
material production. If the focus is on timber production, 
longer rotation times lead to the typical “timber forests” 
with trees with large heights and diameters, while 
coppice forests with maximum rotation times of 10 to 30 
years provide the raw material for energy purposes. 
Coppices with standards are a combination of these two 
main forest types, the timber forest and the coppice 
forest, with two crown-layers. In the past, after wood lost 
its status as main source of energy, large areas of coppice 
forests and coppices with standards in Europe were 
transformed into timber forests. Field experiments have 
shown that this transformation was driven by quality 
aspects of wood and not by its productivity [19, 31]. 
Coppice forests can become even more beneficial than 
timber forests if they are managed as short rotation 
coppices with high productivity levels, sometimes with 
added fertiliser in combination with more efficient 
harvesting methods and higher prices for wood for 
energy purposes [32-34]. In summary, while the timber 
forests and the coppices with standards are forests 
focusing on wood quality, the focus of coppice forests is 
on wood quantity. 
 

2 OBJECTIVES 
 

The purpose of this study was to study the impact of 
parameters such as climate and silviculture on the amount 
of available wood raw material, in particular wood for 
energy purposes and wood for processing timber or 
luxury goods including by-products. 

 
 

3 MATERIALS AND METHODS 
 

The focus of this study is on the growth rate of tree 
species and on the type of wood raw materials defined by 
the impact factors: climate, silvicultural operations and 
choice of species. The types of wood raw material 
considered are wood for energy purposes and wood as 
raw material for semi-finished products such as sawn 
timber or veneers. The concept of the strategic cube [35] 
was used in order to illustrate the different forest types 
with their main types of wood raw material. A restriction 
of this method is that it is necessary to assume that 
intense silvicultural management leads towards the 
output of only one specific type of wood raw material. 

 
 

4 RESULTS AND DISCUSSION 
 

The strategic cube (Fig. 1) shows the different types 
of wood raw material in combination with the different 
forest types defined by: preference of species, climate, 
and silvicultural operations. It shows that a decision must 
be made between forests producing wood for energy 
purpose and forests producing wood for processing 
timber or luxury goods including by-products. 
 

 
Figure 1: Strategic cube to illustrate the type of wood 
raw material and the forest type based on the impact 
factors: species, climate, and silvicultural operations. The 
transparency of the cubes indicates the degree of 
relevance for these purposes 
 
4.1 Shift along the “climate” axis 

Climate is the limiting factor for the growth rate on 
the site and this can influence some of the wood 
properties. While a disadvantageous climate leads to a 
poor growth rate, forests under advantageous climate 
conditions are in general used intensively for wood 
production.  
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4.2 Shift along the “silvicultural operation” axis 
Silviculture influences factors such as the diversity 

related to the mixture of species, age classes, and 
phenotypes. This diversity has in turn an impact on the 
forest type and on the main type of wood raw material. 
The forest types show the characteristics of either 
monocultures (plantation, coppice) or mixed forests 
(timber forests, coppices with standards). While 
monocultures have mainly one type of wood raw material 
such as wood for energy or wood for processing timber 
or luxury goods of one species only, mixed forests have 
different types of wood raw materials such as wood for 
luxury goods together with wood for energy or wood for 
processing timber of different species and with a wider 
range of quality.  

 
4.3 Shift along the “preferred species” axis 

Based on the grades of wood considered in this study 
the softwood raw material is used for processing timber 
and the hardwood raw material for energy and luxury 
goods such as veneers. To maximize the output of forests, 
these are managed in different ways depending on the 
species and this automatically leads to different types of 
forest providing different types of wood raw material.  

 
4.4 Deductions 

The limiting factor for wood production is the climate 
and its influence on he growth rate of the species. 
Intensive wood production in high volumes is most 
successful in an advantageous climate. The available land 
area is also a limiting factor but this can theoretically be 
influenced by afforestation. To increase the production of 
wood on the land available, a shift in the direction of 
homogeneity can be expected, as this is the most 
effective way of producing a single type of wood raw 
material. This would lead to monocultures of plantations 
of softwood or hardwood, depending on the type of 
grades needed, and the different silvicultural operations 
would lead to typical forest types (Fig. 1). The strategic 
cube also illustrates that only one type of wood raw 
material can be produced on one site at one time when 
the production is maximized. For the production of wood 
for energy purposes, the group of fast-growing 
hardwoods with vegetative reproduction from the 
rootstocks which allows more rotation cycles without 
replanting is preferred. The combination of high yields of 
biomass and highly advanced harvesting techniques 
seems to make short rotation coppices economically 
competitive with timber forests even when the species 
has a relatively low calorific value per volume.  

In summary, an increasing demand for one type of 
raw material leads to increasing competition and this 
leads to increasing prices which stimulates additional 
supply, if possible, and ultimately results in a new 
balance of supply and demand of the raw materials. A 
timber forest can therefore theoretically change into a 
coppice with standards and finally into a simple coppice 
if wood for energy purpose is more profitable than wood 
for timber and vice versa. 

 
 

5 CONCLUSION 
 

In this study, the impacts of climate, choice of 
species and silvicultural operations on the growth rate of 
tree species and on the type of wood raw material were 
considered. The limiting factor for wood production in 

general is the climate. Considering, that the output of 
only one type of raw material can be maximized on a 
given site, the impact factors lead either to wood for 
energy purpose or to wood for processing timber or 
luxury goods such as veneers including by-products, and 
this means that there is competition for the production 
areas for the different types of wood raw materials. This 
concept is, however, simplified because timber forests, 
for example, provide a mix of wood raw materials 
suitable for different industries. The strategic cube can 
also be interpreted as showing that the competition for 
wood as raw material between the industries on the 
market has an impact on the nature of the forests through 
silvicultural operations. A shift in the demand for a given 
type of wood raw material on the market leads to a shift 
in forest type as production area where the climate is 
again the limiting factor for wood production. 
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