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Abstract

The main purpose of this study is to develop a numerical simulation model of the European 

trade in forest fuels and analyse the possible trade levels for forest fuels in Europe following 

the implementation of EU energy policy. The White Paper and the RES-E Directive have 

been designed partly to support an increased use of forest fuels as sources for energy 

generation. An increased demand for forest fuels in Europe as a whole can imply higher forest 

fuel prices in some countries for which the aggregated demand curve shifts outward and the 

demanded quantity increases. An increase in European trade can both strengthen as well as 

mitigate national upward pressures on the forest fuel prices. Hence, investigating the 

European trade in forest fuels is important for understanding how industry sectors in the 

European economies will be affected by the EU policy. 

 The analysis of policy consequences ex ante requires modelling. Since there are few 

existing models suitable for our purpose a new model needs to be developed. Besides 

outlining a new model, labelled the European Forest Trade Model (EFTM), as well as coding 

it using the GAMS software, substantial efforts were made to collect available European 

statistics on forest fuels. Since the available data generally were insufficient and the 

estimations made therefore were many, the results from the EFTM should only be discussed 

on a general level. Future research efforts should therefore aim not only at refining the model; 

it is equally important to provide the necessary statistical data and resolve any standardisation 

problems attached to this data.  

 The simulations show that the implementation of the White Paper and the RES-E 

Directive will boost the trade in forest fuels, resulting in total trade increases of up to 67 

percent. Furthermore, the simulation results show national net trading levels. Depending on 

policy implementation the results differ - one country that was net importing by-products 

given the White Paper implementation can instead be net exporting by-products when 

applying the RES-E Directive. The fact that the policy implementations will boost the trade 

may mitigate potential industry problems to secure the needed inputs. On the other hand, the 

integration of countries increases the possibility for some industries to increase their 

production even more, possibly strengthening any input scarcity problems. It is therefore not 

possible to generally conclude if a more integrated European forest fuel market, and hence an 

increased European forest fuel trade, will mitigate industry problems to secure their needed 

inputs or not. 
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1. Introduction 

1.1 Background 

In the past forest fuels were important in the energy systems in Europe. It was not until after 

World War II that the use of forest fuels decreased noticeably, reaching its lowest levels in 

modern times in the 1970s. The increasing demand for more practical and cheaper energy 

sources such as coal and oil was one of the main explanations for this decrease. However, in 

reaction to the oil price increases in the 1970s new European government policies were 

established aimed at increasing the use of alternative fuel sources such as nuclear power and 

coal. The share of forest fuels in total energy supply however remained low during the 1970s 

and 80s. For example, in Sweden the government in its 1975 energy bill to the Swedish 

parliament stated that forest fuels, being scarce resources, should not be used for energy 

generation but preferably in the production of pulp and sawn wood products (Prop. 1975:30). 

However, in the 1990s environmental concerns, such as global warming, resulted in a new 

trend towards increased reliance on forest fuels. In 1996, the European Commission presented 

a Green Paper which constituted an approach to develop a strategy intended at ensuring a 

greater use of renewable sources of energy (European Commission, 1996).1 The Green Paper 

stipulates a doubling of the share of renewables in the EU gross inland energy consumption to 

12 percent by the year 2010 (Ibid.). The White Paper on renewable sources of energy 

(hereafter simply referred to as the White Paper) 2 announced, as a result of the Green Paper, a 

tripling of the use of biofuel as a possible way to achieve this objective (European 

Commission, 1997). Accordingly, in the White Paper biomass is targeted to amount to 8.5 of 

the 12 percent share of renewables. In addition, the promotion of electricity produced from 

renewable energy sources is highly prioritised in the White Paper. An increased reliance on 

renewable energy sources in electricity generation also constitutes an important part of the 

package of measures needed to comply with the Kyoto Protocol and of any policy package to 

1 The establishment of a strategy for renewable energy sources was foreseen in the Commission's White Paper 
“An Energy Policy for the European Union” (European Commission, 1995). 
2 Commission White Papers are documents containing proposals for Community action in a specific area. In 
some cases they follow a Green Paper published to launch a consultation process at the European level. When a 
White Paper is favourably received by the Council, it can lead to an action programme for the union in the area 
concerned (European Commission, 2006a). 
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meet further climate policy commitments (United Nations, 1997). Therefore, as a compliment 

to the White Paper, the 2001 RES-E Directive aims at promoting a specific increase in the 

contribution of renewable energy sources in electricity generation in the internal market 

(Directive 2001/77/EC). The indicative objective of the RES-E Directive is a 22.1 percent 

share of electricity produced from renewable energy sources in total EU electricity 

consumption by the year 2010.  

 Since many European countries are relatively richly endowed with biofuels in general, 

and forest raw materials in particular, this makes forest fuels important renewable sources.3

For this reason, national as well as EU energy policies have emerged supporting the use of 

biofuels, encompassing forest fuels, throughout Europe. For this reason, the EU energy policy 

has resulted in the introduction of new national policies subsidizing the use of forest fuels 

throughout Europe. Actors other than the energy sector, such as the forest industry, have 

considered this a problem since a higher use of forest fuels for energy purposes increases the 

demand for input factors which have primarily been used by the forest industry. This creates 

an upward pressure on the forest fuel prices. It is therefore sometimes said that the new EU 

energy policy has increased the competition for forest fuels. Competition is here defined as 

the possibility for one sector to significantly affect the price level through changing actions 

and thereby change the situation for other actors that use the particular resource (Lundmark 

and Söderholm, 2004). However, the development of European trade in forest fuels might 

improve the possibility to cost effectively fulfil EU energy policy goals. On the other hand, 

international trade will not prevent forest fuel prices from increasing in some European 

countries. An increasing demand for forest fuels in Europe can imply higher forest fuel prices 

in some countries for which the country demand curve shifts outward and the demanded 

quantity increases. Consequently, the analysis of European trade in forest fuels is an important 

input for understanding how selected parts of the European economies will be affected by the 

EU policies aimed at promoting the use of renewable energy sources.

1.2 Purpose 

When policy consequences are to be analysed this requires modelling. Since there are few 

truly European forest fuel trade models the main purpose of this study is to develop a 

numerical simulation model of the European trade in forest fuels. Secondly, the thesis aims at 

3 In 1999 material originating from forests constituted 46 percent of the biomass used for energy in EU19 
(excluding the Czech Republic and Hungary) (Alakangas and Vesterinen, 2001).   
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analysing the possible trade levels of forest fuels in Europe following the implementation of 

EU energy policy.

1.3 Methodology 

The European Forest Trade Model (EFTM) that is developed in this thesis is based on a static, 

partial general equilibrium framework, which can be used to simulate the trade in different 

forest fuels given the full implementation of the White Paper and the RES-E Directive, 

respectively.4 Availability of the country and industry data covering forest fuels is generally 

poor. Therefore the EFTM is a so called calibrated model. In a calibrated model only a few 

observations are needed in order to estimate the model parameters. Moreover, since the 

EFTM is a tool for assessing the trade in different forest fuels it will be subjected to different 

conditioned scenarios (described in more detail in chapter five). The scenarios involve the 

introduction of a set of exogenous policy shocks potentially affecting the use – and hence the 

trade – in forest fuels. The scenarios are: 

The Baseline scenario: The European trade in forest fuels are outlined, given certain 

circumstances explained in more detail in chapter five.   

Scenario 1: The White Paper goal is fully implemented. The White Paper suggests an 

increased energy generation by using forest fuels as well as agricultural resources. 

However, it does not specify the relative increases in energy generation attributed to 

forest fuels versus agricultural resources. It is therefore assumed that the relative 

increase in energy generation is equally distributed between forest fuels and 

agricultural resources. Therefore, the forest fuel based energy generation will increase 

by 32 percent on a national wide basis. 

Scenario 2: The RES-E Directive is fully implemented. The forest fuel based 

electricity generation will therefore increase on a country basis. However, the RES-E 

Directive presents national targets on renewable electricity generation without 

specifying the relative electricity generation attributed to forest fuels. The estimated 

forest fuel share for the year 2005 is 29 percent on an EU wide basis. It is assumed 

that this share applies for all EU countries when implementing the RES-E Directive. 

4 The thesis investigates the trade given the implementations of these EU energy policy initiatives. Thus, it does 
not analyse whether these policies are, in any sense, socially optimal or not. 
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This means that some countries have to increase their forest fuel based electricity 

generation considerably, will the increase in other countries will be much less.  

In summary, the difference between Scenario 1 and 2 lies in the divergence between 

the White Paper and the RES-E Directive. The White Paper concerns an increased generation 

of forest fuel based energy. In contrast, the RES-E Directive focuses solely on the forest fuel 

based electricity generation.5

1.4 Scope 

The forest fuels covered in the analysis include industrial by-products, logging residues and 

industrial roundwood. The future potential use of forest fuels to produce transportation fuel 

will thus not be considered. Biofuels are fuels that originate from biological material. They 

can be divided into groups such as fuel from reeds, fuel from straw, black liquor, recycled 

paper and woodfuel. Woodfuel includes all biofuels with trees or parts of trees as raw material 

that has not gone through any chemical process. The raw material could have been used for 

wooden packages, recycled building material etc. The scope of this paper is limited to forest 

fuel which is a sub-category of woodfuel. This classification is based on an own construction 

which mainly follows the Swedish standard SS 18 71 06, and it is displayed in Figure 1.1. 

Forest fuels are used as inputs by other industries, such as pulp mills, as well. When this is the 

case the input should not be referred to as a fuel but instead as a resource. However, for 

simplicity the term forest fuel, although demanded by both the energy and the forest industries 

will be used in this thesis.  

 There is a lack of a common EU set of terminology and a standard classification of the 

different types of forest fuel. In some countries, branches, stumps etc. are not always labelled 

logging residues, e.g., they may simply be labelled wood.6 Furthermore, branches, stumps etc. 

may be sorted together with sawdust and chips, which is a different classification than the one 

done in Figure 1.1. Today, standardisation of forest fuel is recognised as an important element 

for the development of international market in forest fuels. Therefore, the European 

Committee for Standardisation CEN TC335 are working intensively with the standardisation 

5 The RES-E Directive concerns other sectors as well. However, none of these are of focus in this thesis.  
6 Logging residues are defined as biomass such as stumps and branches and small trees remaining after felling 
when the industrial roundwood has been collected. Logging residues can be collected during the felling 
procedure as well during thinning procedures (SLU, 1999).   
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of this fuel.7 However, since the EU standardisation is still in progress this study will apply a 

somewhat modified version of the classification stated by the Swedish standard. This implies 

that the study focuses on logging residues, industrial by-products8 and roundwood.

Figure 1.1 Categories of biofuel 

Source: Own construction based on Swedish Standards Institute, SS 18 71 06. 

Furthermore, the EFTM excludes trade in forest fuels with countries from outside the 

EU.9 This is in line with the RES-E Directive which stresses the importance of a highly 

7 CEN are currently working with the technical specification for solid biofuels. The two most important 
specifications being developed deal with classification and quality assurance. 19 countries are participating in the 
CEN, and the work is managed by the Swedish standardisation organisation, SIS. The standardisation project, 
TC335-Solid biofuels, follows a mandate given by the EU. For more details about the standardisation work see 
Alakangas et al. (2006). 
8 Industrial by-products are residues from the production of sawn wood products and include different types of 
wood chips, sawdust and bark (Lundmark and Söderholm, 2004).  
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developed internal EU market for renewables as a way of securing energy supply. In addition, 

the European Commission presented its Green Paper “A European strategy for sustainable, 

competitive and secure energy” in March 2006  in which the need for a internal energy market 

and a lesser dependence on energy imports from outside the EU was stressed as a means for 

securing the EU energy supply (European Commission, 2006b). Thus, simplifying the EFTM 

by ignoring trade to and from the EU is in line with the RES-E Directive and the Green Paper 

goals.

1.5 Outline 

The remainder of the study is organized as follows. In chapter two the flow of forest fuels 

between different industry sectors, and the current European trade in forest fuels are 

described. Chapter three focuses on relevant trade models already constructed and applied. 

This is done to underline similarities and differences with the EFTM developed in this thesis. 

The structure of EFTM is outlined in chapter four. Chapter five presents the initial values 

founding the EFTM and describes the scenarios applied to it. Chapter six presents and 

analyses the results from the model simulations while chapter seven contains a discussion of 

some of the conclusions and implications obtained from the results.  

9 In addition, due to data availability problems (see chapter 5) only 19 of the 27 (as of January 2007) EU 
Member States are included in the EFTM. The ones excluded are Bulgaria, Cyprus, Greece, Ireland, Lithuania, 
Luxembourg, Malta and Romania. Bulgaria and Romania joined the EU after the simulations were done in 2006; 
hence they were naturally excluded from the thesis. The remaining countries excluded for the investigation have 
small forest fuel markets, something that probably explains the lack of data for these countries.  Therefore they 
are also likely to contribute relatively little to the EU policy targets hence excluding them should not create any 
large problems. One possible problem might be excluding Lithuania since the Baltic States export significant 
amounts of forest fuel to other EU members.  
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2. Forest fuel actors in the economy 

Generally, forest raw material can either be used in the production of other goods or for 

energy generation. The sectors using the forest raw material as inputs in their production is 

referred to as the forest industry and includes the pulp industry, the sawmill industry and the 

woodboard industry. In a similar manner, the energy generating industry is referred to as the 

energy sector and includes the heat and power industries as well as the refined woodfuel 

industry. Due to new national energy policies as well as EU objectives, the energy sector is 

increasingly using forest raw materials (hereafter referred to as forest fuels) as inputs in the 

energy generation. The forest industry in some European countries have considered this a 

problem when a higher demand for forest fuels for energy purposes have created an upward 

pressure on the forest fuel prices. The energy sectors increased willingness to pay for forest 

fuels is mainly a result of political decisions to increase the use of renewable energy and 

decrease the consumption of non-renewables. The upward price pressure is therefore partly a 

result of political subsidisation. If not, other fuels may likely be more profitable to use.10 This 

chapter aims at depicting the interaction between different actors using and generating forest 

fuels. The purpose is to give a background into how certain European industries may be 

affected by the new EU policies. Furthermore, the chapter presents the European trade levels 

in forest fuels prevailing today.

2.1 Forest fuel industry actors 

In order to increase the understanding of the EFTM the interaction between different forest 

fuel industry actors have to be mapped. This is done in Figure 2.1. Roundwood, either 

sawlogs or pulpwood, as well as by-products and logging residues can be either imported or 

domestically supplied. Typically, sawlogs are demanded by the sawmills, pulpwood by the 

pulp industry and logging residues by the heat and power industries. Usually, the branches are 

removed from the pulpwood before delivery to the pulp and paper industry. Yet, in some 

cases these are removed and chipped at the plants, generating by-products either delivered to 

the heat and power industry or used internally for energy generation.

10 For further reading about competition issues concerning the energy sector and the forest industry see for 
example Lundmark and Söderholm (2004) and SLU (2004).  
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Figure 2.1 Flow of forest fuels between different industries. 
Sources: Ericsson and Nilsson (2004) and Lundmark and Söderholm (2004).  

 In the making of sawn wood products, residues such as sawdust and wood chips are 

generated. These by-products are sold to the pulp industry, the woodboard industry or the 

energy sector (the heat, power and refined wood fuel industries). Sawdust is not used by the 

pulp industry but is, in contrast, the dominating input in the refined woodfuel industry in the 

making of pellets and briquettes. The sawmills as well as the pulp industry are also delivering 

heat (including heat used in power production) to the heat and power industries. Note that the 

quantities of forest fuel produced from pulpwood and sawlogs and delivered to the energy 

sector are drawn with broken lines. This indicates that only modest amounts of roundwood are 

currently used for energy generation. Also, the quantities of by-products going from the pulp 

industry to the heat and power industry is drawn with broken lines to stress that this flow is 

currently not extensive. Finally, some of the forest fuels produced by the domestic sectors 

might be exported.  

2.2 Trade levels for forest fuels in Europe 

Traditionally, by-products and logging residues have been used in the same geographical 

region as they are produced. In Sweden, logging residues from fellings and by-products from 

sawmills were the major biofuel sources during the 1980s and the 1990s and a vital factor for 

the rapid growth of Swedish bioenergy use during these years. Today, with an increasing 

demand for these inputs, imported by-products and logging residues have become an 
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alternative supply source for many users (EUBIONET II, 2006). The regional markets have 

started to transform towards international ones primarily in Northern Europe due to the 

development of large-scale use of forest fuels in district heating. Nonetheless, in many 

European countries the customs statistics do not record trade in such a detail that the 

international trade of different forest fuel types can be properly identified. This is often the 

case for logging residues. Nor have any research study comprehensively estimated the total 

volume of logging residues currently being traded throughout Europe. Hence, no such data 

can be presented. On the other hand, statistics are available on the trade of by-products. 

Figure 2.2 show the net import of by-products in selected European countries (see also 

Hillring, 2006 for a general discussion about the world trade in forest products and woodfuel). 

The figures are presented both in cubic metre solid volume (m3s) and in gigawatt hours 

(GWh). The countries not presented lack information. In Figure 2.2 some of the countries 

have a negative net import, implying that they are net exporters. 11

10
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h

Figure 2.2 Net import of by-products in the year 2002 

Source: Swedish Forest Agency (2004). 

 The expansion of district heating based on forest fuels in Denmark, Sweden and 

Finland since the 1990s has been a prime factor stimulating the trade in forest fuels. The 

Scandinavian countries and Austria have been the pioneering countries in using forest fuels 

11 Net import = import - export 
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for energy purposes.12 The UK, Germany and Spain are also expanding their forest fuel based 

energy sectors. The trade with by-products can thus be expected to continue and the number 

of importers and exporters will increase in the growing market.13

 During the 1990s the production of industrial roundwood in EU was rather steady and 

a rising demand was increasingly met by imports. Furthermore, the export was moderately 

declining while import almost doubled during the 1990s with the share of imports from the 

roundwood consumption in the EU increasing from ten to 19 percent (Kangas, 2001). During 

the same period the EU15 member countries were mainly importing inside the EU. Today, 

this is still the case even though new members such as Estonia and Latvia, which joined the 

union in 2004, have strengthened their position as net exporters. Figure 2.3 display the net 

export of roundwood in different countries in Europe. 
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Figure 2.3 Net import of roundwood in the year 2002 

Source: Swedish Forest Agency (2004). 

12 According to Figure 2.2 Austria has a modest net export of by-products but Austria is heavily engaged in the 
European trade. However, the import and export amount to similar values resulting in a net export adding to 
almost zero.  
13 In Figure 2.2 data for the year 2002 is presented since statistics for more recent years are lacking for the Czech 
Republic (Swedish Forest Agency, 2004). 
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As early as in the year 1993 the Swedish National Board for Industrial and Technical 

Development (NUTEK) carried out a study investigating forest fuel trade, in Europe in the 

year 2000. The study found that different domestic conditions for production and 

consumption of forest fuels might open up opportunities for trade. In certain areas, forest fuels 

were found to be abundant; in others, large potential markets were found. The total picture 

was found to be very complex and therefore the analysis of trade potentials was carried out in 

form of three scenarios, representing reasonable possible lines of development until the year 

2000. One of the scenarios assumed an implementation of general support programs, of the 

form now being implemented in the EU. If the energy and environmental policies in Europe 

were to support an increasing use of forest fuels for energy purposes the authors forecasted an 

increase in the European trade of forest fuels by the year 2000. NUTEK (1993) based its 

conclusions on forest fuel potentials. Total annual forest increment was calculated and 

thereafter subtracted by total removals as a way of estimating the unused forest fuel potential. 

This meant large amounts of unused forest fuel, in other words large potentials to export - 

which was also forecasted to be the case. However, the potential amount is not synonymous 

with what is actually been supplied on a market and can not therefore be the sole base for 

conclusions such as the ones made in NUTEK (1993).14

Alakangas and Vesterinen (2001) surveyed forest fuel prices, the forest fuel 

consumption, and the forest fuel trade in 20 European countries for the year 1999. Alakangas 

and Vesterinen (2001), created a questionnaire to get the information from different countries 

in comparable form. As in other studies investigating forest fuel issues, problems with data 

gathering aroused. The main data problem concerned the dispersed data sources: the 

authorities receiving the questioner reported that the information wasn’t directly available, but 

had to be collected from the different actors in the energy sector and forest industry. The 

willingness of these actors to answer the questions was varying, which possibly affected the 

reliability of the results. However, since European statistics on forest fuels generally are very 

poor the data gathering done in Alakangas and Vesterinen (2001) (see also Alakangas et al., 

2002) served an important purpose. The data used in this thesis is founded on much of the 

information collected by Alakangas and Vesterinen (2001) although complemented and 

updated with other research studies as well.

14 For further reading regarding assessments of the potential biomass supply in Europe see, for example, 
Ericsson and Nilsson (2006) and Siemons et al. (2004).  



12

2.3 Summary 

The European trade have to be investigated in order to understand how different industries in 

European countries will be affected by the EU policy implementations promoting an 

increasing energy use of forest fuels. This is achieved by developing a simulation model of 

the European trade of forest fuels. It is important that such a model stresses both the supply 

and the demand side of the forest fuels that are of focus. The EFTM later developed in this 

thesis is addressing both sides however modelling the demand side more thoroughly. The 

usefulness of the EFTM can improve even more if it is being extended to also include a 

thorough modelling of the supply side; this is however beyond the scope of this thesis.
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 3. Previous model work 

Chapter two briefly introduced research done on international trade in forest fuels. As chapter 

two presented, a lot of this research aimed at mapping the current international trade. 

However, when policy consequences are to be analysed this requires modelling. This chapter 

therefore presents some of the previous model work done on European forest fuel trade. Then 

again, there are few truly European forest fuel trade models. Still several models have 

theoretical or empirical specifications similar to the EFTM developed later in this thesis. The 

specific models reviewed in this chapter are chosen to underline some of the differences and 

similarities with the EFTM.  

3.1 General equilibrium models 

General equilibrium models address the links between all sectors of an economy. The central 

component of a general equilibrium model is the social accounting matrix, accounting for the 

economic flows in an economy. Empirical data in the social accounting matrix are used to 

calibrate a set of production, consumption, and transfer equations with endogenous prices 

(Taylor and Howitt, 1993). The effect, of policy changes in terms of prices, employment, 

gross domestic product, etc., is estimated by recalibrating the model for changes in the 

empirical data in the social accounting matrix. The use of general equilibrium models in the 

analysis of the forest sector has been motivated by the importance of links between the forest 

sector and the rest of the macro economy (Haynes, 1993). Accordingly, in countries where the 

forest sector is an important contributor to employment and gross domestic product, the effect 

of changes on the macro economy may be of interest (Binkley et al., 1994).

Lundmark and Söderholm (2004) use Hill’s (1999) general equilibrium model when 

analyzing consequences of changes in the Swedish energy taxation for the forest fuel 

competition (see also SLU, 2004). In Sweden, the energy taxation, not the least large carbon 

dioxide taxes on fossil fuels, has stimulated an increasing use of forest fuels for energy 

generation. Changes in the energy taxation may therefore largely affect the future competition 

for forest fuels. Using a general equilibrium model helped increase the understanding of how 

separate markets can be affected by energy taxation changes. Furthermore, it increased the 

understanding of how consequences in one market may be spread to other parts of an 

economy as well. However, using a general equilibrium model implies that the results for 
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individual sectors have to be interpreted carefully. Furthermore, Hills (1999) general 

equilibrium model does not focus on intercountry trade. 

 The Global Trade Assessment Project (GTAP) model was used as part of a study to 

assess the impact of the removal of non tariff barriers on trade in forest products in particular, 

but also on the economy in general (New Zealand Forest Research Institute, 1999). In 

addition, the New Zealand Forest Research Institute (1999) explored the effect of a 

multilateral removal of all import and export interventions. This was done under two 

scenarios; one where complete liberalisation is applied to all sectors; and a second where such 

liberalisation is applied only to the forest products sector. The GTAP database combined 

bilateral trade, transport, and tariff data and input-output tables describing intersectoral 

linkages within regions. The New Zealand Forest Research Institute (1999) specified 24 

regions, 11 sectors, three of which were forest sector related, and three primary input factors 

(labour, land, and capital). It coded the GTAP model by using the GAMS software, the same 

software applied when coding the EFTM developed in this thesis. The GTAP model 

simulations indicated that when eliminating forest product tariffs the forestry sectors in the 

EU would increase their import and exports with 9.4 and 15.1 percent, respectively. However, 

although the GTAP model might be appropriate for other purposes, it is too general to be 

applied on the problem considered in this thesis. The forest sector in general and forest fuels 

as inputs in particular, are not considered in detail in the GTAP while the goal in this thesis is 

to create a comprehensive picture of the European trade in forest fuels. Thus, using a partial 

general equilibrium analysis may be more appropriate than applying a general equilibrium 

model (for other general equilibrium models besides the GTAP, see, for example, Alavalapati 

et al., 1999; Binkley et al., 1994; Bruce, 1988; Lin, 1996).

3.2 Partial equilibrium models 

Partial equilibrium models are the most common approach to forest sector analysis. In 

particular, spatial models of this kind have been applied extensively. Partial equilibrium 

modelling, often based on the seminal work of Samuelson (1952) and Takayama and Judge 

(1971), is characterised by the endogenous determination of factors such as trade flows, and 

prices, conditional on exogenous economic activity outside the sector such as changes in 

different policies (see, for example, Adams and Haynes, 1980; Buongiorno et al., 2003; Kallio 

et al., 1987). However, often the partial equilibrium models are only briefly describing 

European forest fuel markets and their interlinkages. Moreover, many of these models 

consider macroeconomic shocks, which are less relevant in this thesis. Thus, for the above 
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reasons and since the problem dealt with in this study is detailed in character, few of the 

partial equilibrium models already developed adequately address the problem analysed in this 

thesis.

  Brännlund and Kriström (1993) evaluate how environmental charges affect separate, 

but interrelated markets in Sweden. In their paper they analyse how a chlorine tax applied on 

the pulp and paper industry might be passed on to forest-owners and sawmills. Brännlund and 

Kriström (1993) estimate the short run profit function for a representative pulp firm as a 

function of the price of the final product, the capital stock, pulp, and the price of labour, 

energy, pulpwood and chlorine respectively. Applying Hotelling´s lemma to the profit 

function generated the supply of pulp and the derived demand for the flexible factors of 

production. Having specified the demand and supply functions the equilibrium conditions for 

the pulpwood and sawtimber markets were defined and solved presenting the equilibrium 

prices for pulpwood and sawtimber. The results from Brännlund and Kriström (1993) could 

be interpreted such that the tax burden will be worn mainly by the pulp industry meaning that 

only a small fraction of the tax burden could be shifted to other industries. Brännlund and 

Kriström (1997) extend the analysis of Brännlund and Kriström (1993) when modelling the 

effects in both the Swedish and the Finnish forest sector. Examined was the situation where a 

tax-induced increase in the price of chlorine shifted the Swedish supply function, which had 

consequences for the prices in the European pulp market, and resulted in a change in the 

quantity supplied by Finland. Brännlund and Kriström (1997) find that much of the effect on 

the European market of the Swedish supply shift was dissipated through an increased price, 

with only a small production increase appearing in Finland. An econometric model like the 

one used in Brännlund and Kriström (1993; 1997) is data demanding (see also Ankarhem, 

2005; Kangas and Baudin, 2004; Sjöström, 2004; SLU, 2004). For the problem considered in 

the present study statistics would be needed on several input prices such as the price of labour, 

energy, pulpwood etc, and for a large number of countries. Furthermore, information on the 

capital stock as well as the price of wood pulp (which is the final good) would be needed. 

Since, the European statistics on the forest fuels covered by the EFTM generally are 

insufficient; applying the Brännlund and Kriström (1997) model approach on the problem 

considered here is difficult. For the purpose of this study, a calibrated, less data demanding 

model, is therefore more appropriate.  

 In Lundmark (2006) a partial equilibrium model of the Swedish forest cluster is 

developed. The Forest Cluster Model (FCM) encompasses production from sawmills, pulp 

and paper mills, the woodboard industry as well as from the energy sector. In addition, it 
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covers the modelling of the markets for both final products and intermediate goods related to 

the forest cluster. The FCM was designed in order to study the short term effects on various 

actors in the forest cluster that might occur due to changes in the output market for the 

sawmill industry. The model is implemented on different scenarios in which the demand for 

sawn wood products is altered in relation to a baseline scenario. The FCM, being a simulation 

model treating interdependence of the various sectors in the forest cluster, in many ways 

resembles the EFTM developed here.15 However, the FCM focuses on the sawmill industry in 

Sweden while the EFTM focuses on trade issues, studying the demand for by-products, 

logging residues and roundwood while altering the supply of energy.

3.3 Supply models 

The general and partial equilibrium models presented in the sections above considered both 

the supply and the demand sides of the forest sector. Some models are notable, however, for 

their concentration on forest supplies.

The Timber Supply Model (TSM) (Sedjo and Lyon 1990; 1996) was developed to 

study the transition of the world’s forests from old growth to second growth and to plantation-

grown wood. The modeling approach uses control theory to determine the economically 

optimal transition. Most of the descriptive details in the model are meant to describe the wood 

supply sector. The TSM models industrial wood supply for eight regions, one of which is 

unresponsive to price. The seven responsive regions are subdivided into 22 timberland 

classes. Each land class is described in terms of factors such as quality, location, accessibility, 

growth and harvest, transport, growing and establishment costs. In addition to projecting the 

transition from old-growth to plantation-grown industrial wood in terms of the optimal 

harvest and regeneration effort, the TSM also projects timber prices (from the intersection of 

wood supply with exogenously determined demand) and trade flows.   

 The Global Fiber Supply Model (GFSM) was developed for the Food and Agricultural 

Organization of the United Nations (FAO) to forecast potential industrial fibre supply and to 

aid forest policy making through the analysis of industrial fibre supply as well as industrial 

fibre sources (Bull, 1998; Bull et al., 1998). The GFSM forecasts fibre supply, by forest type 

15 The main focus of a simulation model is a numerical implementation of theoretical structures to generate 
insights about the effects of policy or other changes rather than to test theory itself. See for example Buongiorno 
et al. (2003); Duchin and Hammer Strømman (2005); Frohberg and Winter (2003); Kangas and Baudin (2004); 
Light (1999).  
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and country, for natural forests, industrial plantation, nonwood fibres and recovered fibres 

using yield equations. In contrast to the models described earlier, the GFSM is not an 

economic model of supply, in that prices and costs are not recognized explicitly in the model. 

Instead, it can be viewed as a description of the production functions that underlie timber 

supply in different countries. The GFSM permits the analysis of alternative fibre supply 

futures by varying exogenously specified variables such as sustainable management policies 

as expressed by the cutting cycle, plantation afforestation rate, improvements in industrial 

plantation yield arising from research and development, changes in nonwood fibre-pulping 

capacity and wastepaper recovery rates.   

 Lundmark (2003) constructs and analyses the supply of roundwood and logging 

residues derived from either final harvest or commercial thinning operations. Two separate 

supply curves are estimated. The separate cost components are built up from the lowest cost 

element into aggregates for labour, capital, materials and overhead cost for each forest 

resource. However, since the EFTM focuses on the demand for certain forest fuel a supply 

side model, like the ones presented above, is not suitably applied to the problem to be 

addressed. Furthermore, these models are data demanding and therefore less ideally applied as 

well.  

3.4 Summary 

The aim of this chapter has been to shed some light on the need for a new model in order to 

analyse the problem of focus in this thesis. General equilibrium models are too broad to create 

a comprehensive understanding on how the European forest fuel trade can be affected by EU 

policy implementations. Furthermore, econometric models are difficult to apply on the 

problem of focus here since they demand statistics on several variables for a large number of 

countries while the European statistics on the forest fuels generally are insufficient. In this 

thesis, developing a calibrated, less data demanding model, is therefore more appropriate. In 

addition, the model must address both the supply and the demand side of the forest fuels that 

are of focus, hence previous model work focusing on the supply side can not be used here. For 

these reasons, a new model simulating the European trade in different forest fuels given the 

full implementation of the EU energy policy is developed. Outlining this model, labelled the 

European Forest Trade Model (EFTM) is the objective of the next chapter.
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4. The European Forest Trade Model 

In this chapter the European Forest Trade Model (EFTM) is developed and outlined. The 

EFTM is a static numerical model focusing on the trade levels at one point in time in 19 

European countries. Before outlining the model, the reader is reminded of the industry 

sectors, and their interlinkages, of focus in the EFTM. Figure 4.1 replicates Figure 2.1, but the 

sectors and their connection addressed in the EFTM, are now marked in bold.  
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Figure 4.1 Forest fuel flows of focus 

Roundwood, either sawlogs or pulpwood, supplied domestically or imported and 

demanded by sawmills and the pulp mills. Furthermore, the demand for by-products by the 

energy sector is included in the EFTM. Logging residues, either imported or domestically 

supplied, which is demanded by the energy sector is also included. Finally, the EFTM allows 

domestically produced resources to be exported. Since the included resources can be both 

imported to and exported from a specific country at the same time the net import is the 

measure of trade utilised.  

Both logging residues and by-products are used by the refined woodfuel industry in 

the making of pellets and briquettes. In addition, the heat and power industries demand by-

products and logging residues as well as pellets and briquettes. Generally, it is hard to 
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separate by-product and logging residues demanded by the heat and power industries 

unrefined versus refined woodfuel (transformed to pellets and briquettes). Therefore the 

EFTM focuses on the demand for unrefined inputs ignoring the heat and power industries´ 

demand for pellets and briquettes. However, since the refined woodfuel is affected by the 

policy implementations investigated in the EFTM this economic sector can not be ignored. 

Hence, the refined woodfuel industry’s demand for logging residues and by-products is 

accounted for in the EFTM.  

4.1 Assumptions and model overview 

This section firstly outlines, in brief, the general theoretical framework underlying the EFTM. 

Thereafter, this reasoning is applied on the EFTM. Of focus is the constant elasticity of 

substitution (CES) function (see Arrow et al., 1961) which can either be written in the so 

called coefficient form or the calibrated share form. The coefficient form is the standard form 

of the CES function as written in many textbooks (see for example Varian, 1992). The 

coefficient form requires inverting demand functions to calculate free parameters from a 

given set of benchmark prices and quantities. The calibrated share form, which is equivalent 

to the coefficient form (see Böhringer et al., 2003 and 2005), eases the calculation of free 

parameters since it is based on value shares that can be directly read of from benchmark data 

without inverting the function.

4.1.1 Coefficient form versus calibrated share form 

Numerical calculation of an economic equilibrium requires the choice of concrete functional 

forms for production possibilities and preferences. In applied modelling, CES functions 

(including Leontief and Cobb-Douglas specifications as subcases) are among the most 

common. Such functions have certain mathematical properties (regularity) that ease the 

numerical analysis considerably, but are still flexible enough to allow for appropriate 

representation of economic behaviour. As was stated above, the CES functions are generally 

written in coefficient form, which requires inverting demand functions to calculate free 

parameters from a given set of benchmark prices and quantities. The calibrated share form, 

equivalent to the coefficient form, eases the calculation of free parameters, since it is based on 

value shares that can be directly obtained from benchmark data without inverting the function 

(Böhringer et al., 2003 and 2005). The equivalence of the coefficient form and the calibrated 

share form is demonstrated below. Consider a coefficient form CES factor demand function 

for the n-factor case, 
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where jx = demand for input j ,  = scale parameter,  = elasticity of substitution, j =

distribution parameter16 for input j , p = output price, jw = price for input j  and y = output 

level. Inverting equation (1) with respect to j  and use the definition 
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j  (the value 

share of input j ) yields, 
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Substituting equation (2) within the coefficient forms for cost, demand and production 

functions the equivalent calibrated share forms can be derived. For the CES cost function, 
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where C  = total cost, y = benchmark (base-year) output level, p = benchmark output price, 

jw  = benchmark price for input j  and C = benchmark total cost. The associated CES 

demand function, applying Shepard’s lemma, reads, 
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In equation (4) the unit cost,c  reads as, 

16 is the substitution parameter, which help us derive the elasticity of substitution, . The elasticity of 
substitution measures the curvature of an isoquant. More specifically, it measures the percentage change in the 
factor ration divided by the percentage change in the technical rate of substitution (TRS), with output being held 
fixed.  implies 0 , i.e. Leontief (no-substitution); 1  implies  (i.e. perfect substitutes). 
(Varian, 1992) 
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where the benchmark unit cost, 
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Table 4.1 provide an overview of CES in conventional coefficient form and calibrated share 

form. 

Table 4.1 CES in coefficient form and in calibrated share form 

Coefficient form Calibrated Share Form 
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Source: Böhringer et al. (2003 and 2005).  
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4.1.2 CES calibrated share form applied on the EFTM 

For the reasons discussed above, The EFTM uses the CES calibrated share form for the cost, 

demand and production functions. Each industry is assumed to have two major inputs 

(production factors) when producing their outputs. Hence, the n-factor functions presented 

above are reduced to two-factor functions. Since the EFTM focuses on forest fuels in general, 

and the demand for forest fuels in particular, the model building work proceeds in two steps: 

firstly, the production costs (forest fuel based energy as well as pulp) are modelled. Secondly, 

the demand for the two input factors used when producing this output is derived. The heat, 

power and refined woodfuel (RWF) industries (the energy sector) are using the same inputs; 

by-products and logging residues when producing forest fuel based energy. Hence, in the 

EFTM it is assumed that the production function is weakly separable in the sense that the mix 

of by-products and logging residues is independent on the choice of other inputs (such as coal 

and oil).17 The weak separability assumption for the heat, power and refined woodfuel 

industries can be motivated by the common policy requirement that a certain share of the 

production should be based on biofuels. 

Since the heat, power and refined woodfuel sector are using the same input factors the 

key equations for these industries are basically the same. Still, they produce different outputs 

and have different elasticities of substitution. Therefore, a subscript is applied, in this case i

(industry), to indicate industry. An additional subscript, r, is applied indicating country. All in 

all, the national CES cost function in calibrated share form in the two-input case in the heat, 

power and refined woodfuel industry, respectively, is written, 
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Hence, riC , shows a country’s total cost for producing forest fuel based heat, power and 

refined woodfuel, respectively. riy ,  is equal to the output of forest fuel based heat, power and 

refined woodfuel, respectively, in country r . Their benchmark values are expressed as riC ,

and riy , . The price for the two inputs, by-products and logging residues, used in the generation 

17 See, for example, Varian (1992) for a detailed description of weak separability.   
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of heat, power and refined forest fuel, in country r are expressed as BY
rP  and LG

rP  and their 

respective benchmark values are 
BY
rP and 

LG
rP . LG
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,
,  is the value share 

of the by-products were 
BY

riD , and
LG

riD , show the benchmark factor industry demand for by-

products and logging residues, respectively, in country r . Note that the denominator shows 

the benchmark total cost, in contrast to the n-factor case in which 
py
wx jj

j  thus showing 

benchmark total revenue. However, applying the zero-profit condition, hence stating that total 

cost will equal total revenue, makes it possible to use any of the two in the denominator.  

Finally, ri,  is the elasticity of substitution in industry i  in country r . Associated to the CES 

cost function are the CES demand functions in calibrated share form in the two-input case: 
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where BY
riD , and LG

riD , shows the heat, power and refined woodfuel industry demand for by-

products and logging residues, respectively, in country r . In equations (8)-(9) the unit cost in 

heat, power and refined woodfuel industry, respectively, in country r , ric ,  reads as, 
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where the benchmark unit cost, 
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In equation (11), 
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 where ri,  is the elasticity of substitution.18 The purpose of 

including equation (11) in the EFTM is best understood by recalling the scenarios and the 

ratio
ri

ri

y
y

,

,  stated in equation (7). In the Baseline scenario each industry sector must produce 

exactly the benchmark output level, hence riri yy ,, , indicating that the ratio 
ri

ri

y
y

,

,  will equal 

one. In contrast, riy , is allowed to vary in Scenario 1 under the condition 

that
3 3

,, 32.1
i i

riri yy  where RWFpowerheati ,, . This indicates that each country, in 

Scenario 1, must increase its total forest fuel based energy generation by 32 percent. In other 

words, the 32 percent increase must be fulfilled if aggregating the production of the heat, 

power and refined woodfuel industries. Stated differently, in one country a certain industry 

may provide for the total increase. In other words, the individual industry output productions 

can vary, the heat production can increase with X percent, the power production with Y 

percent etc. as long as the sum of the production in the heat, power and refined woodfuel 

industries has increased with 32 percent. In Scenario 2, all industry sectors in a country, 

besides the power industry, must produce their respective benchmark output levels. For the 

power industry the forest fuel based power generation must increase with a certain 

percentage. Hence, in Scenario 2 all 
ri

ri

y
y

,

,  ratios are fixed; for the heat and refined woodfuel 

                                                

18 is the substitution parameter, which help us derive the elasticity of substitution, .  implies 
0 , i.e. Leontief (no-substitution); 1  implies  (i.e. perfect substitutes). (Varian, 1992) 
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industries it will equal one while the national targets stated in the RES-E Directive will 

determine the share for the power industry.  

The pulp industry is assumed to use by-products and roundwood when producing 

pulp. Hence, the CES cost function in calibrated share form in the two-input case in the pulp 

industry in country r  is written, 
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where rC = the total cost for producing pulp in country r  and ry = the production of pulp in 

country r . In addition, their benchmark values are expressed as rC  and ry . Furthermore, the 

price for the input, roundwood, used in the production of pulp, in country r reads as RW
rP

with the respective benchmark value
RW
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shows the benchmark industry input demand for by-products and roundwood, respectively, in 

country r . Finally, r  = the elasticity of substitution in the pulp industry in country r .

Associated are the CES demand functions in calibrated share form in the two-input case: 
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where BY
rD and RWPP

rD shows the pulp industry demand for by-products and roundwood, 

respectively, in country r . Since, both the pulp industry and the sawmills are demanding 

roundwood (see chapter two), the roundwood demanded by the pulp industry is denoted 
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as RWPP
rD  while the roundwood exogenously demanded by the sawmills is written as RWSM

rD .

In equations (13)-(14) the unit cost in the pulp industry in country r , rc  reads as, 
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where the benchmark unit cost, 
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In equation (16), 
r

r
r

1  where r  is the elasticity of substitution in the pulp industry in 

country r . In all scenarios the pulp industry must produce exactly the benchmark output level, 

hence rr yy , indicating that the ratio 
r

r

y
y  stated in equation (7) will equal one.

Having derived the key equations in general and the factor demand function in 

particular, a question arising is: what are the driving forces determining each industries 

demand for inputs in a country? In the EFTM the industry sectors will choose their input 

combinations according to the marginal product of the inputs and the input relative prices. 

The industry sectors strive to minimise their total cost of production hence their optimal input 

combination is where the technical rate of substitution equals the input price ratio. The 

marginal product of an input factor is a specific number; if the technical rate of substitution is, 

say five, in optimum, this implies that the input relative price, in optimum, will be five as 

well. Hence, the marginal products as well as the input prices will determine the input 

quantity demanded in industry i  in country r . The national input prices will differ thus 

although not explicitly stated, the EFTM indirectly assumes that trade (transport) costs exist 

between countries. This is presumably accurate since transport cost between countries exist 

making the forest fuel markets primarily national. This is therefore accounted for in the 
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EFTM, applying national forest fuel prices instead of joint European ones. Adding the 

industries quantity demanded of a certain input factor will generate the aggregated national 

input quantity demanded. In Figure 4.2 this quantity is referred to as *
BYQ , *

LGQ  and *
RWQ  for 

by-products, logging residues and roundwood, respectively.

Figure 4.2 National input markets 

 First and foremost, the industry sectors in one country will use the domestic supply of 

an input to satisfy their input demand. In Figure 4.2, the domestic supply, being exogenously 

given and thus constant, is expressed as BYS , LGS and RWS  for by-products, logging residues 

and roundwood, respectively. Hence, these supply curves are vertical. Clearly, this is a 

simplified picture of the reality. Nevertheless, the supply of industrial by-products and 

logging residues are determined by the production of sawn wood products and roundwood, 

respectively. Therefore, since the production of sawn wood products and roundwood are 

determined exogenously in the model the domestic supply of industrial by-products, logging 

residues and roundwood will be a fixed proportion of the output of their main products. In 

contrast, the aggregate demand ( AD ) for by-products, logging residues and roundwood 

( LGBY ADAD ,  and RWAD ) are determined endogenously and the corresponding demand curves 

have the traditional negative slope. The difference between the domestic quantity supplied 

and the domestic input quantity demand, marked with a square bracket in Figure 4.2, will be 

covered by imports or export. Hence, if the total quantity demanded is larger than the 

domestic supply the country will be a net importer of this input. In other words, the national 

net import levels for the respective inputs covers the difference between domestic supply and 

demand - hence the net import of inputs are slack variables in the EFTM. The net import of 
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by-products, logging residues and roundwood, respectively, is expressed as BYNM , LGNM

and RWNM .

 The input quantity demanded calibrated in the EFTM represent a point on the demand 

curve from which the domestic input price can be read. The input prices calibrated is 

expressed as *
BYP , *

LGP  and *
RWP  (see Figure 4.2). Hence, if the aggregated domestic input 

demand curve is position far from the origin and if the quantity demanded, at the same time is 

high (far to the right on the x-axis) the domestic input price will be high as well. Thus, only 

the demand and not the domestic supply or the net import will directly affect the input prices. 

In the EFTM the total cost of production, summed over economic sectors as well as countries 

is to be minimised. Indirectly, interlinking countries, the EFTM is letting countries produce 

the goods that they are relatively good at producing (high marginal products). Hence, the 

countries will demand relatively large quantities of the inputs used in their production of 

focus and if the domestic supply of these inputs is less than needed, the countries can import 

the remaining quantity. Thus, the trade makes it possible for the demand to diverge from 

supply. In other words, the European trade will indirectly influence the national input prices 

mainly through its effect on national input demand. Industries in certain nation’s can 

experience high price increases hence affecting certain industries relatively hard. Formulated 

differently, in the EFTM, an integrated EU market with the possibility to trade may actually 

have negative effects on some industries in some countries.  

To conclude, in the EFTM the total cost of production, summed over industrial sectors 

and countries, is to be minimised, thus the optimisation problem is formulated as, 

Min Tot
EUC  = 
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under the condition that the industry sectors in one country first and foremost, will use the 

domestic input supply in order to satisfy the input demand. The difference between the 

domestic quantity supplied and the domestic input demand indicate a country’s net import 

level. Formulated as equations this condition, for by-products, logging residues and 

roundwood, respectively, can be written as, 
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Furthermore, the EFTM excludes trade in forest fuels with countries from outside the EU. 

This is in line with the RES-E Directive which stresses the importance of a highly developed 

internal EU market for renewables and a lesser dependence on energy imports from outside 

the EU as a way of securing energy supply. Thus, simplifying the EFTM by ignoring trade to 

and from the EU is in line with the RES-E Directive. This means that the net import of by-

products, logging residues and roundwood has to add to zero when summed over all countries 

included in the model. Formulated as equations, this reads as, 
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Hence, since no trade is allowed with countries outside the EU, the total supply of by-

products, logging residues and roundwood, respectively, in the union has to cover the total EU 

demand of by-products, logging residues and roundwood, respectively. However, the reader 

must keep in mind that that a country first and foremost will use its domestic input supply in 

order to satisfy the domestic input demand. Expressed as equations, the “union security-of-

supply” conditions are written as in equations (24)-(26). 
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Having outlined the basic cornerstones of the EFTM, the next section will present, more 

thoroughly, some of the parametric assumptions underlying the EFTM.  

4.2 Parametric assumptions 

In our two-input factor cases the production factors used in each industry are substitutes. This 

implies that an industry substitute one input for another. However, it is assumed that the 

degree of substitutability varies between industries as well as across countries. Since no 

estimates are available on the elasticities of substitution needed in this thesis the parameters 

used are based on rough estimates. The elasticity of substitution is only allowed to vary 

between 0.5 and ten. The upper limit of ten indicates that it is relatively easy to substitute 

between inputs. In contrast an elasticity of substitution of 0.5 instead indicates that it is 

relatively difficult (for a discussion about upper and lower limits see, for example, Wibe, 

2001; Rehn, 1995; Sisask, 2001).  Finally, the EFTM assumes that the elasticity of 

substitution is related to the size of the national market. A highly developed market indicates 

that the production techniques are more developed which can increase the technical ease to 

substitute between inputs.

4.2.1 The elasticity of substitution in the heat industry 

The elasticity of substitution between different fuels in the Swedish heating sector is high 

(Wibe, 2001).19 Hence, the elasticity of substitution between by-products and logging residues 

is set to ten for the Swedish heating industry (Wibe, 2001; Sisak, 2001).20 Admittedly, the 

value is far from infinity (which would be the appropriate value if the inputs were perfect 

substitutes). On the other hand, it is big enough to assume that the inputs are very close to 

being perfect substitutes. Moreover, it is assumed that Austria, Finland, Germany and Latvia 

which all produce forest fuel based heat above the EU19 country average (2.8 TWh) also have 

an elasticity of substitution of ten.21 Those countries have well developed markets for 

biomass-based heating (EUBIONET II, 2006) and are therefore likely to have developed 

production technique making it possible to substitute between inputs without the need for 
                                                

19 Admittedly, in the very short run it is reasonable to assume that a firm can not change its input mix. The 
reason for this is highly economic since the firm may be bounded through different forms of contracts (Wibe, 
2001).  
20 Wibe (2001) has studied the degree of substitution between biofuels and other energy source (for example oil). 
Hence, he does not study the possibility to substitute between different types of biofuel. However, since his 
study shows that the sector can easily switch between all sorts of fuels this is assumed to be the case when 
switching between different types of biofuels as well. 
21 Wibe (2001) and Sisak (2001) only cover the Swedish heating sector. 
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capital adjustments. The remaining countries whose forest fuel based heat productions are 

below the EU average are assumed to have an substitution elasticity of five, a value which 

still indicates that substitution between inputs is relatively easy (Rehn, 1995).

4.2.2 The elasticity of substitution in the power industry 

The elasticity of substitution between by-products and logging residues in the power sector is 

assumed to be as high as in the heating sector. Most power generation using biomass is based 

on the Rankine (steam turbine) cycle in which biomass can be directly burnt in large boilers 

for the generation of electricity or combined heat and power (CHP). A drawback of biomass 

power generation is the fact that biomass is actually converted into energy in plants with a 

low thermal efficiency compared to the most efficient energy conversion plant such as the 

natural gas combined cycle plant (Franco and Giannini, 2005). Then again, in recent years 

technical solutions improving the efficiency have started to penetrate (see, for example, Faaij 

et al., 2003). Hartmann and Kaltschmitt (1999) show that from all technical possibilities the 

use of straw bales or wood chips for electricity production in existing coal fired power plants 

is an option which could be realised relatively fast and cheaply. They stress that many such 

plants already operate and that there are no major technical hurdles which prevent the use of 

solid biofuels in such plants. Furthermore, subsidises of renewables and taxes on non-

renewables have already increased the use of biofuels for power generation (Thornley, 2005). 

Hence, today the elasticity of substitution between biomass and non-renewable fuels is 

relatively high compared to a couple of decades ago. Admittedly, due to higher changeover 

costs it might not be as high as in the heating sector.  However, the elasticity of substitution in 

the power industry is likely to be as high between different biofuels as in the heating sector. 

Generally power plants use all sorts of biomass available and easily substitute between them. 

Thus, the relative price of the inputs is the main determinant of the current input mix (see, for 

example, Hughes, 2000; Jianbang and Smith, 2006; Wahlund et al., 2002).  

Austria, Denmark, Finland, Germany, Italy, the Netherlands, Sweden and the UK have 

the highest forest fuel based power generation (representing more than 1.7 TWh). For this 

reason it is assumed that they will be able to substitute fairly easy between the two inputs due 

to more refined technologies. As a result, the elasticity of substitution is set to ten. For the 

remaining countries the elasticity of substitution is set to five (same as the countries in the 

heating industry with a forest fuel based production below the EU average).
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4.2.3 The elasticity of substitution in the refined woodfuel industry 

Pellets are primarily made from sawdust but also from logging residues and agricultural 

products (European Pellet Centre, 2006). Depending on how the pellets are used, the quality 

requirements differ. If a cheaper input, such as bark, is used to produce pellets, the product 

can only be sold to large-scale consumers, since bark pellets are not as suitable for small-scale 

combustion. When using a high quality input such as sawdust, the pellets could be sold either 

via long-term contracts to large-scale consumers or in the open market to small-scale 

consumers (Wolf et al., 2006).  

Sweden was the first country to develop national standards for pellet qualities. 

Furthermore, Austria also developed its national standards early. Today other countries, for 

example UK, have national standards or guidelines for pellet producers. Finland and 

Denmark, which are big pellets producers, have decided to wait for the European pellets 

standard (included in the Standard for solid biomass fuel, CEN/TC 335). Hence, currently 

they have no national standards, but good practice guidelines and internal factory instructions 

for quality controls. Although some countries have introduced quality standards or guidelines 

this do not necessarily mean that they have big markets for refined woodfuel. For example, 

the UK market for refined woodfuel is relatively small (European Pellet Centre, 2006). 

Furthermore, countries that lack standards might have a relatively developed market. This is 

the case in Poland (European Pellet Centre, 2006).  

Due to high quality restrictions and therefore a dominating use of by-products (mainly 

sawdust), it is not likely that the producers can perform major substitutions between by-

products and logging residues. As a consequence, the elasticity of substitution between by-

products and logging residues is set relatively low compared to the heating and power sector. 

For the largest producers; Austria, Denmark, Finland, Italy, Poland and Sweden it set 

somewhat higher than the remaining countries which all have a relatively small production of 

refined woodfuel (European Pellet Centre, 2006). In the former case it is set to 1.25 compared 

to 0.9 which is the approximated elasticity for the smaller national markets. Both substitution 

elasticities still indicate that it is possible, although not easy, to switch between the two 

inputs. This approximation is realistic since the uses of other inputs are increasing and hence 

the elasticity of substitution can not be set to zero.  
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4.2.4 The elasticity of substitution in the pulp industry 

Pulp is mainly made from roundwood and/or wood chips. The primer is more often referred to 

as pulpwood while the latter is categorised as an industrial by-product. The pulpwood is 

converted into chips, resulting in some loss of fibre. By instead using wood chips, which are 

residuals from the sawmill industry, these losses can be avoided. Despite this, the input mix 

varies widely between mills as well as across countries. Some mills mainly buy pulpwood and 

convert it into chips at the mill while others mainly use wood chips from the sawmill industry 

(see, for example, Bredström et al., 2004; Kissinger et al., 2006; Karlsson et al., 2007). Some 

studies therefore consolidate roundwood and wood chips into one input, simply writing the 

inputs as pulpwood/wood chips (Rehn, 1995). This is not the case here though since this study 

analyses the demand in both roundwood and by-products (where wood chips are included in 

the latter category).  

 The elasticity of substitution between roundwood and by-products is set to three 

(Sisask, 2001). Studies show that the heat and power industries can easily substitute between 

inputs. Contrary to the energy sector, the same observation is not done in the pulp industry. 

Some mills clearly prefer to buy pulpwood, others prefer to use wood chips while some mills 

are indifferent (Bredström et al., 2004; Karlsson et al., 2007). Thus, whatever the reason 

might be the elasticity of substitution can not be assumed to be as high as in the heat and 

power industries. In contrast, it can not be assumed to be as low as in the refined woodfuel 

industry since some plants clearly substitute between the inputs. It is therefore generalised to 

three.  

4.3 Summary 

The EFTM is coded by using the GAMS software. The coding implies, besides stating the 

equations and the parameters, that variables that are determined by exogenous factors which 

are considered fixed have to be designated specific values. Furthermore, the coding also 

signifies that the endogenous variables have to be declared benchmark values. Since the 

model and its fundamental assumptions have been stated, these values remain to be presented. 

This is therefore done in the next chapter. 
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5. Initial values and scenario descriptions 

The statistics presented in this chapter represent the cornerstones of the model inputs. 

However, since much of the data used actually are rough derived estimates, the concept 

“initial values”, instead of statistics, is applied. The chapter also presents the scenarios applied 

on the EFTM. Before starting off with a description of the initial values two remarks must be 

made. Firstly, the initial values are categorised as follows. The forest fuel based production of 

heat, power, refined woodfuel and pulp, respectively, are collectively referred to as forest fuel 

based output production. The production of by-products, logging residues and roundwood is 

categorised as the production of inputs. In contrast, the consumption of by-products, logging 

residues and roundwood are jointly called the consumption of inputs while the price of by-

products, logging residues and roundwood are collectively referred to as the input prices. 

Secondly, the statistics covering the forest fuel based output production is generally poor. 

Statistics covering the demand for inputs is insufficient as well. In contrast the production of 

inputs, except for logging residues, is relatively adequate as is the input prices. Having said 

that, the initial values will now be presented, starting with the forest fuel based output 

production.

5.1 Forest fuel based output production 

In Table 5.1 data on the forest fuel based production of heat, power, refined woodfuel and 

pulp are presented. Overall, Finland, Germany and Sweden are large producers of these 

commodities. For model tractability the combined heat and power plants have been 

disaggregated into their heat and power components. Only the net production is considered, 

implying that production consumed internally is ignored. Due to insufficient statistics, the 

supply of heat was estimated using information on plant capacity (Alakangas and Vesterinen, 

2001; EUBIONET II, 2006). The production of heat, power and refined woodfuel is presented 

in both GWh and 1,000 m3s eb.22 23 The production of pulp is specified in 1,000 tonnes.

                                                

22 1000 m3s eb = 1,000 cubic metre solid volume excluding bark. 
23 1 cubic metre loose volume (m3l) of industrial by-products = 0.8 MWh. 1 m3s eb = 2.64 m3l thus 1 m3s eb = 
2.112 MWh (or 1 MWh = 0.47 m3s eb) (Skogssverige, 2007). 
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Table 5.1 Initial forest fuel based output production 

Country Heat Power RWF Pulp
GWh m3s eb GWh  m3s  eb GWh m3s  eb tonnes

 (1,000)  (1,000)  (1,000) (1,000) 
Austria 3,699  1,739 1,746 821 858 406 1,932 

Belgium 815 386 513 241 132 63 531 

Czech Republic 423 199 593 279 50 24 753 

Denmark 2,133  1,003 1,834 862 905 429 1 

Estonia 1,359 639 23 11 34 16 69 

Finland 4,050  1,904 10,182 4,786 791 374 11,134 

France 1,350  635 1,371 644 84 39 2,504 

Germany 31,500  14,805 3,900 1,833 429 203 2,879 

Hungary 119  56 678 319 22 10 1 

Italy 140 66 1,913 899 753 356 515 

Latvia 7,200  3,384 6 3 112 53 1 

Netherlands 2,916  1,381 1,836 863 84 39 117 

Poland 1,800 846 768 361 572 271 1,042 

Portugal 2,008 951 1,264 594 84 39 1,949 

Slovakia 475 223 3 1 17 8 609 

Slovenia 131 61 90 42 0.6 0.3 153 

Spain 2,149  1,017 1,353 636 95 45 1,973 

Sweden 16,758  7,876 6,614 3,109 4,140 1,960 12,108 

United Kingdom 5 3 1,867 877 5 2 341 

EU19 79,029  37,171 36,554 17,180 9,167 4,339 38,612 

Sources: Mainly own construction based on Alakangas and Vesterinen (2003); Alakangas and Vesterinen 
(2001); EUBIONET II (2006); EUROSTAT (2006); FAOSTAT (2006). 

By using this information and assuming an average operation time a measure of the 

production of heat could be estimated. The average operation time for a combined heat and 

power plant in Sweden is 4,500 hours per year (Bärring et al., 2003). The operation time is 

assumed to be the same for heating plants as well. Admittedly, it might be lower in many EU 

countries. The market for forest fuel based heat is however rapidly increasing in many EU 

countries, and the risk of exaggerating the operation time should not be extensive. For 

Belgium, the Netherlands, Portugal and Spain data on plant capacity are lacking. On the other 

hand, data on the production of biomass based power are available. Furthermore, since the 

production of heat is on average 1.6 times higher24 than the production of power this 

                                                

24 When estimating the supply of heat based on capacity the countries on average produce 2,811 GWh compared 
to 1,728 GWh of power. Hence, on average each country produces 1.6 times more heat than power.  
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information could be used to derive the estimates of heat supply in Belgium, the Netherlands, 

Portugal and Spain. 

 The statistics on power production were collected from EUROSTAT. 25 Unfortunately, 

EUROSTAT measures the gross electricity generation from wood or wood waste. Thus, the 

consumption of electricity in the plant auxiliaries and in transformers is included. In all other 

sectors, only the market production is considered. In addition, the category wood or wood 

waste includes purpose-grown energy crops, black liquor and wastes, which are not 

incorporated in the EFTM at this stage. Consequently, the forest fuel based electricity 

generation of focus in the EFTM is likely to be smaller since it contains fewer inputs than are 

actually included in the statistics.  

 Generally, the national markets for refined woodfuel are small throughout Europe. 

However, relatively large markets have been developed in Austria, Denmark, Finland, Italy, 

Poland and Sweden (European Pellet Centre, 2006). Statistics on the production of refined 

woodfuel were collected from the European Pellet Centre (2006). The European Pellet Centre 

is actually a project, funded by the European Commission’s ALTENER programme, which 

collects information on the EU production of refined woodfuel. However, this database only 

contains production statistics for Austria, Denmark, Finland, Germany, Italy, Poland, Spain, 

Sweden and the UK. Data for the remaining countries were obtained from Alakangas and 

Vesterinen (2001) and EUBIONET II (2006).26 For the Czech Republic and Belgium no data 

neither on production nor consumption is available. For these countries it is assumed that the 

production of refined woodfuel amounts to five percent of total heat and power production, an 

approximate figure considering that the domestic markets for refined woodfuel generally are 

small in the Czech Republic and Belgium.  

 Finally, statistics on the production of pulp have been collected from FAOSTAT. It is 

worth noting that Denmark, Hungary and Latvia all have a zero production of pulp. In Table 

5.1 the pulp production levels in these three countries are set to one instead of zero to avoid 

division by zero in the EFTM. 

                                                

25 EUROSTAT is the Statistical Office of the European Communities, established in 1953. Its mission is to 
gather and analyse figures from the different European statistics offices in order to provide comparable and 
harmonised data to the European Institutions. The data cover the European Union, its Member States and its 
partners (EUROSTAT, 2006). 
26 These studies only covered consumption, and not the production, of refined woodfuels. 
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5.2 The production of inputs

In Table 5.2 the initial production of by-products, logging residues and roundwood are 

presented. As was noted above the production of inputs are determined by exogenous factors, 

which are considered fixed in the EFTM. As in the case of output production, Finland, 

Germany and Sweden are producing relatively large amounts of by-products, logging residues 

and roundwood. The production of by-products and logging residues are presented in both 

GWh and 1,000 m3s eb since both can be used by either the energy sector or the forest 

industry. The production of roundwood is specified in 1,000 m3s eb since roundwood is not 

used by the energy sector in the EFTM.  

Table 5.2 The production of inputs  

Country By-products Logging residues Roundwood
GWh m3s eb GWh m3s eb m3s eb

 (1,000)  (1,000) (1,000) 
Austria 9,551  4,522 5,266 2,493 12,786 

Belgium 1,337  633 1,767 837 4,290 

Czech Republic 2,818  1,334 5,883 2,786 14,285 

Denmark 185 88 334 158 810 

Estonia 5,059 2,400 2,265 1,073 5,500 

Finland 23,546 11,149 19,404 9,188 47,116 

France 3,609 1,709 12,969 6,141 31,490 

Germany 10,518  4,980 20,965 9,926 50,905 

Hungary 291 138 1,155 547 2,804 

Italy 912 432 1,107 524 2,687 

Latvia 5,557 2,631 4,898 2,319 11,893 

Netherlands 1,625  769 338 160 820 

Poland 4,891 2,316 11,808 5,591 28,672 

Portugal 2,969  1,406 4,511 2,136 10,953 

Slovakia 1,518  719 3,709 1,756 9,005 

Slovenia 226 107 737 349 1,789 

Spain 6,083 2,880 5,499 2,604 13,352 

Sweden 23,443  11,100 37,766 17,882 91,700 

United Kingdom 2,695  1,276 3,342 1,582 8,115 

EU19 106,843  50,588 143,721 68,050 348,972 

Sources: Mainly own construction based on EUBIONET II (2006); FAOSTAT (2006); Swedish Forest Agency 
(2006).  
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Data on the production of by-products were collected from FAOSTAT. However, the 

category included other categories such as wood wastes and wood residues which are neither 

considered in this study nor categorised as by-products. Therefore, the collected data on the 

by-product production has been decreased by 40 percent when used in the EFTM. 27

 Adding the term industrial instead of simply referring to roundwood refers to the 

roundwood used primarily by the saw mills and pulp industry. The production of industrial 

roundwood, collected from FAOSTAT, was available for all 19 countries. 

Statistics on the production of logging residues are not available they are instead 

estimated in the following manner. 28 Consider a tree with a volume of 1 m3. 0.281 m3 of this 

amount will typically be logging residues and 0.719 m3 will be roundwood (Lundmark and 

Söderholm, 2004). In other words, the logging residues amount to 39 percent (0.281/0.719) of 

the roundwood quantity. Thus, producing a cubic meter of roundwood implies that about 0.39 

m3 of logging residues also is produced. Nonetheless, some of it is left in the forest due to 

environmental reasons (provides nutrition to the ground) and some is simply left due to 

economic reasons – it is simply not profitable to gather and transport all the residuals. Here, it 

is assumed that half of the total (or 19.5 percent of the roundwood volume) can be collected 

and sold.

5.3 The consumption of inputs  

Generally, the necessary statistics on input consumption are insufficient. However, aggregated 

data on the consumption of by-products are available for some countries but none of these 

countries have statistics on industry consumption of by-products. In other words, data on the 

heat, power and refined woodfuel sector input consumption are not available. Then again, 

since the industries´ production of output has been estimated an approximation of their input 

consumption can be made.  

The energy efficiency in the Swedish heating sector amounts to about 85 percent 

(Wibe, 2001; Svensk fjärrvärme, 2004). This indicates that 1.18 units of input are needed in 

order to produce one unit of heat. This same energy efficiency is generalised for Austria, 

Finland, Germany and Latvia which all have a heat production above the European average of 

                                                

27 According to the Swedish Forest Agency (2006) the production of wood chips, sawdust and bark amounted to 
22,037 GWh for the year 2005 a number closely obtained when decreasing the FAOSTAT data for Sweden with 
40 percent.
28 Some countries have statistics on the estimated potential availability of logging residues (see, for example, 
EUBIONET II, 2006). However, this says little about the actual market availability. 
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2.8 TWh. The energy efficiency for the remaining countries, producing below the European 

average, is set to 75 percent, indicating that 1.33 units of input are needed to produce one unit 

of output. Since the production is know it is simply multiplied with 1.18 or 1.33 in order to 

get the total volume of input needed. Furthermore, the heat industry can substitutes between 

inputs and since the input mix therefore varies it is simply assumed that the heat industry, in 

its production of forest fuel based heat, uses logging residues 50 percent of the time and by-

products 50 percent of the time.29 Thus, the consumption of inputs is divided between by-

products and logging residues according to this assumption (see Table 5.3). The heat industry 

consumption of by-products and logging residues is presented in GWh and 1,000 m3s eb. 

Table 5.3 Initial heat industry input consumption  

Country By-products Logging residues
GWh m3s eb GWh m3s eb

 (1,000)  (1,000) 
Austria 2,166 1,026 2,166 1,026 

Belgium 542 257 542 257 

Czech Republic 279  132 279 132 

Denmark 1,408  667 1,408 667 

Estonia 897 425 897 425 

Finland 2,372  1,123 2,372 1,123 

France 891  422 891 422 

Germany 18,448 8,735 18,448 8,735 

Hungary 79 37 79 37 

Italy 92  44 92 44 

Latvia 4,217  1,997 4,217 1,997 

Netherlands 1,939 918 1,939 918 

Poland 1,188  563 1,188 563 

Portugal 1,335  632 1,335 632 

Slovakia 314 149 314 149 

Slovenia 86 41 86 41 

Spain 1,429 677 1,429 677 

Sweden 9,814  4,647 9,814 4,647 

United Kingdom 4  2 4 2 

EU19 47,500  22,491 47,500 22,491 

Sources: own construction based on Svensk Fjärrvärme (2004); Wibe (2001).  

                                                

29 No exact figures on the actual fuel mix are available.  
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For the same reason as in the heating industry it is assumed that the power industry, in 

its production of forest fuel based power, uses logging residues 50 percent of the time and by-

products 50 percent of the time. The estimates on the power industry input consumption are 

presented in Table 5.4. The power industry consumption of by-products and logging residues 

are presented in GWh and 1,000 m3s eb. 

Table 5.4 Initial power industry input consumption  

Country By-products Logging residues
GWh m3s eb GWh m3s eb

 (1,000)  (1,000) 
Austria 3,848 1,822 3,848 1,822 

Belgium 1,130  535 1,130 535 

Czech Republic 1,307 619 1,307 619 

Denmark 4,042  1,914 4,042 1,914 

Estonia 51  24 51 24 

Finland 22,438  10,624 22,438 10,624 

France 3,021 1,431 3,021 1,431 

Germany 8,594  4,069 8,594 4,069 

Hungary 1,494  707 1,494 707 

Italy 4,216  1,996 4,216 1,996 

Latvia 13  6 13 6 

Netherlands 4,046  1,916 4,046 1,916 

Poland 1,692 801 1,692 801 

Portugal 2,785 1,319 2,785 1,319 

Slovakia 7  3 7 3 

Slovenia 198  94 198 94 

Spain 2,982  1,412 2,982 1,412 

Sweden 14,575  6,901 14,575 6,901 

United Kingdom 4,114 1,948 4,114 1,948 

EU19 80,553 38,140 80,553 38,140 

Source: own construction based on Franco and Giannini (2005). 

In the power industry the average energy efficiency is around 22.5 percent (Franco and 

Giannini, 2005). Generally, the energy efficiencies in the power industry tend to be relatively 

low at typically 15 percent for small plants up to 30 percent for larger plants (Ibid.). Gas 

turbine-based solutions tend to be more interesting in terms of efficiency, size, cost and fuel 

flexibility. Different methods for forest fuel based power production can be found in the 

literature but not yet practically applied. One of these, integrated gasification and combined 
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cycle gas turbine plants, offer high energy efficiencies at a relatively small scale which are 

expected to achieve efficiencies of about 40 percent for wood based biomass. But this method 

is currently at a precommercial demonstration stage. Pilot projects are operating or being 

developed in, for example, the UK and Sweden (Ibid). Based on the previous discussion, the 

efficiency for all countries is set to the current average of 22.5 percent. Hence, 4.44 units of 

input will be needed in order to produce one unit of power. Recall that the power industry can 

substitutes between inputs and since the input mix therefore varies it is assumed that the 

power industry, in its production of forest fuel based power, uses logging residues 50 percent 

of the time and by-products 50 percent of the time.  

Industrial by-products are the main inputs used when producing refined woodfuel. 

However no estimates of the exact input mix for producing refined woodfuel are available. It 

is therefore assumed that the refined woodfuel industry, in its production of woodfuel, uses 

logging residues 10 percent of the time and by-products 90 percent of the time, which makes 

by-products the dominating fuel. The material efficiency in the refined woodfuel industry in 

Sweden is approximately 80 percent (Energirådgivningen, 2006). Sweden is also the largest 

producer of refined woodfuel. In accordance to this the material efficiency is assumed to be 

correlated to the size of the national markets. A high production indicates a highly developed 

market, highly developed production techniques and a high efficiency. Since Austria, 

Denmark, Finland, Italy and Poland also have high production figures (more than 100 

tonnes/year) their efficiency is assumed to be 80 percent as for Sweden. Hence, 1.25 units of 

input – divided between by-products and logging residues (90 and 10 percent, respectively) – 

will be needed to produce one unit of refined woodfuel. For the remaining countries the 

effectiveness is set somewhat lower to 70 percent due to the fact that many of these countries, 

such as Spain have relatively small markets for refined woodfuels and therefore have not had 

the same technical improvements of the production process (Passalacqua et al. 2004).  This 

suggests that 1.43 units of input – divided between by-products and logging residues - will be 

needed to produce one unit of output. Table 5.5 summarises the initial values, presented in 

GWh and 1,000 m3s eb, on input consumption for the refined woodfuel industry.
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Table 5.5 Initial refined woodfuel industry input consumption  

Country By-products Logging residues
GWh m3s eb GWh m3s eb

 (1,000)  (1,000) 
Austria 858 406 214 102 

Belgium 151  72 38 18 

Czech Republic 58  27 14 7 

Denmark 905 429 226 107 

Estonia 38  18 10 5 

Finland 791 374 198 94 

France 95  45 24 11 

Germany 491 232 123 58 

Hungary 25 12 6 3 

Italy 753  356 188 89 

Latvia 127  60 32 15 

Netherlands 95 45 24 11 

Poland 572 271 143 68 

Portugal 95  45 24 11 

Slovakia 19  9 5 2 

Slovenia 1 0.3 0.2 0.1 

Spain 109  52 27 13 

Sweden 4,140  1,960 1,035 490 

United Kingdom 5  3 2 1 

EU19 9,329  4,416 2,333 1,105 

Sources: own construction based on Energirådgivningen (2006); Bjerg  et al. (2004). 

 The consumption of industrial by-products as well as pulpwood by the pulp industry is 

also estimated due to lack of data. Furthermore, it is difficult to obtain information, for each 

country, which of the inputs (i.e. roundwood or by-products) that dominates in the production 

process. It is simply assumed that the pulp industry, in its production of pulp, uses logging 

residues 50 percent of the time and by-products 50 percent of the time. What is known 

however is the production of pulp. In order to produce one ton of pulp, between 4 and 6.6 m3s

eb of input is needed (Finnish Forest Association, 1999). To calculate the input consumption 

the production of pulp is multiplied by 5.3 (the average). Thereafter 50 percent of this amount 

will represent the consumption of by-products (presented in both GWh and 1,000 m3s eb) and 

the remaining 50 percent the consumption of roundwood (see table 5.6).
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Table 5.6 Initial pulp industry input consumption  

Country By-products Roundwood
GWh m3s eb m3s eb

 (1,000) (1,000) 
Austria 10,813  5,120 5,120 

Belgium 2,972 1,407 1,407 

Czech Republic 4,214  1,995 1,995 

Denmark 6  3 3 

Estonia 386  183 183 

Finland 62,315 29,505 29,505 

France 14,014 6,636 6,636 

Germany 16,113 7,629 7,629 

Hungary 6  3 3 

Italy 2,882  1,365 1,365 

Latvia 6 3 3 

Netherlands 655  310 310 

Poland 5,832  2,761 2,761 

Portugal 10,908  5,165 5,165 

Slovakia 3,408 1,614 1,614 

Slovenia 856 405 405 

Spain 11,042  5,228 5,228 

Sweden 67,766  32,086 32,086 

United Kingdom 1,909 904 904 

EU19 216,104  102,316 102,316 

Source: own construction based on the Finnish Forest Association (1999). 

 Data on the sawmills consumption of roundwood were collected from FAOSTAT and 

are presented in Table 5.7. Usually the roundwood consumed by the sawmills is referred to as 

sawlogs. In contrast, the pulp industry demand for roundwood is labelled pulpwood; in this 

thesis this distinction is not made. The largest consumers of roundwood are Sweden, Germany 

and Finland. Not surprisingly they are also the largest producers of industrial by-products. In 

contrast, Denmark and the Netherlands both have a relatively small production of sawn wood 

products and thus also a relatively small domestic production of by-products.  
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Table 5.7 Initial sawmill input consumption  

Country Sawmills  (1,000 m3s eb) 

Austria 9,892 

Belgium 2,690 

Czech Republic 8,153 

Denmark 470 

Estonia 3,300 

Finland 22,444 

France 20,000 

Germany 34,432 

Hungary 1,248 

Italy 1,147 

Latvia 7,950 

Netherlands 448 

Poland 12,856 

Portugal 1,890 

Slovakia 4,845 

Slovenia 1,403 

Spain 7,343 

Sweden 58,200 

United Kingdom 5,059 

EU19 192,199 

Source: FAOSTAT (2006). 

5.4 The input prices

Statistics on the prices of industrial by-products as well as logging residues were collected 

from Alakangas and Vesterinen (2003) and EUBIONET II (2006), and complemented with 

statistics presented in Alakangas and Vesterinen (2001). The data for logging residues and by-

product prices have been collected from different sources, which all use different years. A 

majority of the data presented will be for the year 2005 but some figures are from 1999. The 

price of roundwood is estimated with the help of statistics from FAOSTAT. Since no price 

data on roundwood in general, or pulpwood in particular, are available for the 19 countries 

their prices were estimated using information on export values.30 The estimated prices of by-

products, logging residues and roundwood are presented in Table 5.8. The price of by-

                                                

30 For example the export value for Austria is 95.11 USD/tonne. Hence, the price of roundwood is set to 75 
EURO/tonne, given an exchange rate of 1.2675 (EURO/USD) FAOSTAT (2006).  
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products and logging residues is presented in Euro/MWh and Euro/1,000 m3s eb while the 

price of roundwood is presented in Euro/tonne. 

Table 5.8 Initial input prices 

Country By-products Logging residues Roundwood
Euro/GWh Euro/ m3s eb Euro/GWh Euro/ m3s eb Euro/tonne

Austria 15  31 24 51 75 

Belgium 12  26 20 45 69 

Czech Republic 3  7 4 8 48 

Denmark 9 19 18 38 71 

Estonia 9  19 7 15 42 

Finland 9  19 11 24 68 

France 15  32 14 30 55 

Germany 8  17 9 18 59 

Hungary 12  25 12 25 53 

Italy 9  19 23 49 *367 

Latvia 3  6 7 15 37 

Netherlands 15  32 11 23 41 

Poland 17  36 8 16 63 

Portugal 9  18 11 23 54 

Slovakia 9 18 4 9 45 

Slovenia 5  11 **4 9 53 

Spain 7  15 10 21 56 

Sweden 12  26 13 28 44 

United Kingdom 6 13 16 34 43 

EU19 average 9.6  20.5 12 23.3 70.7 

* The export price of roundwood is 464.91 USD/tonne in Italy which is almost five times as high as the second largest export price (Austria). 
However, the trade and prices in roundwood are left unaffected when running the scenarios indicating that the Italian market is relatively 
isolated in the EFTM and hence should have little overall effect on the results for by-products and logging residues when running the 
scenarios.
**The price of logging residues for Slovenia was not possible to detect. For simplicity, this price was simply assumed to be identical to the 
price in Slovakia. Forest resource potentials are similar in both countries although Slovakia generally has a more developed forest fuel 
market.  
Sources: Alakangas and Vesterinen (2003); Alakangas and Vesterinen (2001); EUBIONET II (2006); FAOSTAT 
(2006). 
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5.5 The Scenarios 

The purpose of the scenarios is to assess the changes in the trade of by-products, logging 

residues and roundwood resulting from the implementation of selected policies. The scenarios 

addressed in this thesis are: 

The Baseline scenario: The European trade in forest fuels are calibrated given the 

circumstances outlined in the EFTM. 

Scenario 1: The White Paper goal is fully implemented. The White Paper suggests an 

increased energy generation by using forest fuels as well as agricultural resources. 

However, it does not specify the relative increases in energy generation attributed to 

forest fuels versus agricultural resources. It is therefore assumed that the relative 

increase in energy generation is equally distributed between forest fuels and 

agricultural resources. Therefore, the forest fuel based energy generation will increase 

by 32 percent on a national wide basis. 

Scenario 2: The RES-E Directive is fully implemented. The forest fuel based 

electricity generation will therefore increase on a country basis. However, the RES-E 

Directive presents national targets on renewable electricity generation without 

specifying the relative electricity generation attributed to forest fuels. The estimated 

forest fuel share for the year 2005 is 29 percent on an EU wide basis. It is assumed 

that this share applies for all EU countries when implementing the RES-E Directive. 

This means that some countries have to increase their forest fuel based electricity 

generation considerably, will the increase in other countries will be much less.  

In conclusion, Scenario 1 concerns the White Paper while Scenario 2 focuses on the 

RES-E Directive. The White Paper concerns an increased generation of forest fuel based 

energy. On the contrary, the RES-E Directive focuses on the forest fuel based electricity 

generation.

5.5.1 The Baseline scenario 

The Baseline scenario outlines the European trade in forest fuels when the EU energy policies 

have not yet been implemented. The Baseline scenario, as well as Scenarios 1 and 2, rests on 

the assumptions and conditions specified in the EFTM (see chapter four). In the Baseline 

scenario the heat, power, refined woodfuel and pulp industry must produce exactly the 
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benchmark output level, using two inputs when doing so. In the EFTM the industry sectors 

will choose their input combinations according to the marginal product of the inputs and the 

input relative prices. The industry sectors strive to minimise their total cost of production 

hence their optimal input combination is where the technical rate of substitution equals the 

input price ratio. The national input prices will thus differ although not explicitly stated, the 

EFTM indirectly assumes that trade (transport) costs exist between countries. Interlinking 

countries, the EFTM is letting countries produce the goods that they are relatively good at 

producing (high marginal products). Thus the countries will demand relatively large quantities 

of the inputs used in their production of focus and if the domestic supply of these inputs is 

less than needed the countries can import the remaining quantity. First and foremost, the 

national industry sectors will use the domestic input supply in order to satisfy the input 

demand. The difference between the domestic quantity supplied and the domestic input 

demand indicate a country’s net import level. The EFTM excludes trade in forest fuels with 

countries from outside the EU hence the net import of inputs have to add to zero when 

summed over all countries included in the EFTM.  To conclude, the circumstances presented 

above underlie the EFTM and the Baseline scenario. The simulation results presented in 

chapter six rests on these assumptions.  

5.5.2 Scenario 1: The White Paper is implemented 

In Scenario 1 it is assumed that the White Paper is fully implemented. The indicative White 

Paper goal is to have a biomass energy consumption of 8.5 percent (European Commission, 

1997). Stated differently, this implies that the EU would have to produce 1,570 TWh of 

biomass energy. When the White Paper target was set in 1997 the biomass energy generation 

was 523 TWh. Therefore, an increase of 1,047 TWh had to be accomplished. Furthermore, it 

was expected that forest fuels and agricultural resources should contribute to one third or 346 

TWh of the 1,047 TWh increase. However, the White Paper only presents this 33 percent 

increase without specifying the relative increases in energy generation attributed to forest 

fuels or agricultural resources, respectively. It is therefore assumed that the relative increase 

in energy generation is equally distributed between forest fuels and agricultural resources. 

This indicates that the forest fuel based energy generation will increase by 32 percent on a 

national wide basis. The percentage increase should be understood by the reader as follows: in 

1997 the EU biomass energy generation amounted to 523 TWh compared to 837 TWh in the 

year 2005 (EUROSTAT, 2006). This implies that although the biomass energy generation has 

increased an additional increase of 733 TWh is necessary to fulfil the White Paper target. 
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With a share of 33 percent of the total 733 TWh the forest and agricultural sector together 

have to increase their production with 242 TWh. In Scenario 1, the relative increase in energy 

generation is equally distributed between forest fuels and agricultural resources (50/50). This 

implies a 121 TWh increase in forest fuel based energy. The total forest fuel energy 

generation for EU is approximately 384 TWh (Alakangas and Vesterinen, 2001; EUBIONET 

II, 2006) hence the percentage increase is 32 percent (121/384). 

The 32 percent increase is set for the heat, power and refined woodfuel industries in 

total. In other words, the 32 percent increase must be fulfilled if aggregating the production of 

the heat, power and refined woodfuel industries suggesting that an industry can provide for 

the entire increase in a country. Hence, the individual industry output productions can vary, 

the heat production can increase with X percent, the power production with Y percent etc. as 

long as the sum of the production in the heat, power and refined woodfuel industries has 

increased with 32 percent. However, although the individual industry output productions can 

vary it has an upper bound not allowing an industry to increase its output production with 

more than 110 percent. If no such restrictions were applied to the model, some industries 

would increase their production far more than what can be viewed as realistic. With no capital 

restriction, industries with large access to the relatively cheap inputs would contribute to the 

national forest fuel energy goal almost exclusively. During the period 1994-2004, Hungary 

increased its production of forest fuel based heat with 103 percent. Since the White Paper goal 

is a short term target each industry will not realistically increase its forest fuel based 

production with more than this amount (the Hungarian production increase was the highest in 

the EU). Thus, a constraint on 110 percent should reflect this production restriction.

5.5.3 Scenario 2: The RES-E Directive is implemented 

In Scenario 2 the RES-E Directive is fully implemented. The RES-E Directive target is for 

EU to have an 22.1 percent union share of electricity produced from renewable energy 

sources by 2010 (Directive 2001/77/EC). The RES-E Directive stresses the importance of 

national targets being compatible with any national obligations in the context of the climate 

change commitments accepted by the Community pursuant to the Kyoto Protocol. The 

Directive also emphasises the importance of the national targets being consistent with the 

White Paper as well as with the RES-E. The RES-E Directive further states that the member 

states shall adopt and continuously publish a report setting national indicative targets for 

future consumption of electricity produced from renewable energy sources in terms of a 

percentage of electricity consumption. In setting the targets the member states shall take 
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account of the national indicative targets stated in the RES-E Directive (see Table 5.9).31 The 

national targets are indicative recommendations, i.e. the countries are not obliged to fulfil 

them.  

Table 5.9 National indicative targets 

Country RES-E TWh 1997 RES-E % 1997 RES-E % 2010 

Austria 39.05 70 78.1 

Belgium 0.86 1.1 6 

Czech Republic 2.36 3.8 8 

Denmark 3.21 8.7 29 

Estonia 0.02 0.2 5.1 

Finland 19.03 24.7 31.5 

France 66.00 15 21 

Germany 24.91 4.5 12.5 

Hungary 0.22 0.7 3.6 

Italy 46.46 16 25 

Latvia 2.76 42.4 49.3 

Netherlands 3.45 3.5 9 

Poland 2.35 1.6 7.5 

Portugal 14.30 38.5 39 

Slovakia 5.09 17.9 31 

Slovenia 3.66 29.9 33.6 

Spain 37.15 19.9 29.4 

Sweden 72.03 49.1 60 

United Kingdom 7.04 1.7 10 

EU19 349.95 13.9 22 

Sources: Directive 2001/77/EC and Hinsch (2003). 

 The RES-E Directive only concerns electricity thus the only industry directly affected 

by the policy implementation in Scenario 2 is the power industry. In Scenario 2, the supply of 

forest based electricity in each country is forced to increase according to the indicative RES-E 

national objectives. Then again, since these targets are set for the consumption of renewables, 

with no specification on the relative share of biomass and more particularly forest fuels an 

approximation of the relative contribution of forest fuels for fulfilling the national goal has to 
                                                

31 The RES-E Directive only presents reference values for EU15. However, due to the Eastern European 
enlargement individual targets for accession states were negotiated in 2003 (Hinsch, 2003). Values for these 
countries have therefore been added to Table 5.9 in accordance to the reference values specified in Hinsch 
(2003). 
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be made. In 1999 the gross inland energy consumption of renewables was 1,047 TWh. Of 

this, 651 TWh originated from biomass (EUROSTAT, 2006). Hence, the relative share of 

biomass of the gross inland energy consumption was 62 percent. Furthermore, the forest fuel 

energy generation in the year 1999 amounted to 302 TWh (Alakangas and Vesterinen, 2001). 

This implies that 29 percent of the renewables originates from the forest fuels.32 It is assumed 

that this share applies for all EU countries when implementing the RES-E Directive.  

Having approximated the share an additional estimation has to be done. The RES-E 

Directive presents data on the national electricity production from renewables (RES-E) in 

1997. Furthermore, the percentage contribution of RES-E in 1997 and 2010 are based on the 

national production of RES-E divided by the gross national electricity consumption. With the 

help of this information, the relative percentage increase in the production of forest fuel based 

electricity is approximated.33 Some countries have to increase their forest fuel based 

electricity generation considerably, will the increase in other countries will be much less.  

 The member states have other national objectives made as part of the climate change 

commitments accepted by the Community under the Kyoto Protocol. For example, the target 

of the Danish Energy 21 plan (1996) is a 50 percent reduction of CO2 emissions from the 

1998 level by 2030 (Alakangas and Vesterinen, 2003). Clearly, these national objectives are 

not always specified as explicit targets for the biomass based energy sector (besides the 

electricity production). Therefore, other national targets, besides the RES-E Directive are 

excluded from this study.

5.6 Summary 

This chapter presented the values initially assigned the model variables. The initial values are 

the cornerstones of the model underlying all scenario calibrations. Three scenarios are applied 

on the EFTM. The Baseline scenario, depicting European forest fuel trade given the 

circumstances specified in the EFTM, Scenario 1 in which the White Paper is fully 

implemented and Scenario 2 in which the RES-E Directive is applied.  Having presented the 

initial values as well as the scenarios the simulation results and the implications thereof 

remain to be described. This is done in chapter six. 
                                                

32 302/1,047 is approximately 0.29 or 0.62*0.46 0.29. 
33 The calculations are described using the information for Austria. For Austria RES-E is 39 TWh. This 
represents a RES-E % of 70 (percentage RES-E out of total electricity production). Hence, the total electricity 
production is 39/70*100 56 TWh. Furthermore, the share of RES-E % for Austria is set to 78.1 in 2010. This 
indicates that the RES-E TWh should be 56*0.781 44 TWh. Of these 0.29 is approximated to be derived from 
the forest. Hence, the production of forest based electricity is estimated to (0.29*44) 13 TWh.  
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6. Scenario results and implications  

In this chapter the EFTM scenario results are presented and some general implications from 

the simulations are discussed. Since the available data generally is insufficient and the made 

approximations therefore are many, the results from the EFTM can only be discussed on a 

general level. The aim of the thesis is to develop a model, leaving much of its empirical 

testing for future research. Future research efforts should therefore aim to provide the 

necessary statistical data and resolve any standardisation problems attached to this data.  

 Before presenting the results some factors, underlying the EFTM, must be highlighted. 

In the EFTM the industry sectors optimal input combination is where the technical rate of 

substitution equals the input price ratio. The EFTM assumed that a country first and foremost 

uses the domestic input supply in order to satisfy its domestic input demand. This is 

presumably accurate since transport cost between countries exist making the forest fuel 

markets primarily national. This is further accounted for in the EFTM, applying national 

forest fuel prices instead of joint European ones. Interlinking countries, the EFTM is allowing 

countries to produce the goods that they are relatively good at producing (high marginal 

products). Thus the countries will demand relatively large quantities of the inputs used when 

producing these goods and if the domestic supply of the inputs is less than needed the 

countries can import the remaining quantity. Since the choice of input combinations will 

affect the trade, these underlying factors, driving the choice of the input mix, must be kept in 

mind when analysing the results. 

6.1 Changing trade levels and trade volumes 

Table 6.1 summarises the net export of by-products calibrated in the Baseline scenario, 

Scenario 1 and Scenario 2. Any difference between domestic supply and demand is made up 

of net import. Net import is simply defined as imports minus exports. Furthermore, the 

industry sectors in one country will first and foremost use the domestic input supply in order 

to satisfy the domestic input demand, making the net import a slack variable in the EFTM (see 

chapter four). The net import of by-products and logging residues is presented in both GWh 

and 1,000 m3s eb. 
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Table 6.1 Net import of industrial by-products  

Country Baseline Scenario 1 Scenario 2 
GWh m3s eb GWh m3s eb GWh m3s eb

(1,000)  (1,000)  (1,000) 
Austria -1,842 -872 -3,593 -1,701 -7,365  -3,487 

Belgium 1,639  776 -765  -362 -1,250  -592 

Czech Republic 938  444 -1,757  -832 -2,617  -1,239 

Denmark 1,407  666 4,226  2,001 192  91 

Estonia -3,985  -1,887 -4,283  -2,028 -4,929  -2,334 

Finland -10,511 -4,977 -8,173 -3,870 -23,338  -11,050 

France -253 -120 2,032 962 5,582  2,643 

Germany -1,527 -723 -2,186 -1,035 24,216  11,466 

Hungary 1,804  854 1,614 764 -279  -132 

Italy 18,866 8,933 11,462 5,427 -851  -403 

Latvia 3,952 1,871 6,279  2,973 -5,531  -2,619 

Netherlands 2,395  1,134 5,971  2,827 -1,126  -533 

Poland -2,258 -1,069 -2,412  -1,142 -4,659  -2,206 

Portugal 650  308 729  345 -2,042)  -967 

Slovakia -2  -1 -1,514  -717 -1,502  -711 

Slovenia 319 151 173 82 -177  -84 

Spain -2,273  -1,076 -3,143 -1,488 -1,546  -732 

Sweden -17,481 -8,277 -15,781 -7,472 29,912  14,163 

United Kingdom 8,163  3,865 11,122 5,266 -2,684  -1,271 

 In the Baseline scenario the largest net importers of by-products are Italy, the United 

Kingdom and Latvia. In contrast, the countries having the largest net export volumes are 

Sweden, Finland and Estonia. When the White Paper is implemented (Scenario 1) the total 

national forest fuel based energy has to increase by 32 percent. Scenario 1 in Table 6.1 

indicates that Sweden will still have the largest net export of by-products compared to the 

Baseline scenario. For Sweden the White Paper implementation results in an increase in the 

Swedish production of heat, while the power and refined woodfuel industries decrease their 

production. Due to the conditions specified in the EFTM, this implies that Sweden is 

relatively good at producing heat. Furthermore, with the White Paper implementation Sweden 

will use more by-products and logging residues, compared to the Baseline scenario, in order 

to produce a larger amount of heat. This will decrease the amount of by-products available for 

export versus increasing the quantity of logging residues necessary to import. However, 

regarding logging residues the other Swedish industries will demand less of this input, thus 

resulting in a decrease in the net import quantity of logging residues compared to the Baseline 
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scenario, as in Table 6.2 indicates.  Similar arguments can be applied on all countries that are 

included in the EFTM when analysing the results for the White Paper implementation 

(Scenario 1).

Table 6.2 Net import of logging residues  

Country Baseline Scenario 1 Scenario 2 
GWh m3s eb GWh m3s eb GWh m3s eb

 (1,000)  (1,000)  (1,000) 
Austria -1,337 -633 -3,324 -1,574 -5,043 -2,388 

Belgium -1,766  -836 -1,766 -836 3,852  1,824 

Czech Republic -5,882  -2,785 -5,882 -2,785 -5,867 -2,778 

Denmark 5,491 2,600 1,783 844 11,962 5,664 

Estonia -2,266  -1,073 -2,266 -1,073 -378 -179 

Finland 14,355 6,797 15,982 7,567 -11,358 -5,378 

France -10,264 -4,860 -12,826 -6,073 24,753  11,720 

Germany 21,809  10,326 30,711 14,541 -12,307 -5,827 

Hungary -1,153  -546 -1,153 -546 1,994 944 

Italy 268 127 -91 -43 24,677 11,684 

Latvia -4,522 -2,141 -4,894 -2,317 3,084 1,460 

Netherlands 5,094 2,412 5,713 2,705 16,583 7,852 

Poland -11,806  -5,590 -11,806 -5,590 -11,709  -5,544 

Portugal -2,456  -1,163 -3,497 -1,656 -4,488  -2,125 

Slovakia -3,709  -1,756 -3,709 -1,756 -3,390 -1,605 

Slovenia -737 -349 -737 -349 -737 -349 

Spain -3,168  -1,500 -4,353 -2,061 -4,116 -1,949 

Sweden 5,257  2,489 5,210 2,467 -24,182  -11,450 

United Kingdom -3,210 -1,520 -3,096 -1,466 -3,335 -1,579 

 In Scenario 2, in which the RES-E Directive is fully implemented, the share of forest 

fuel in fulfilling the target of the RES-E is estimated from approximations of the forest fuel 

based electricity generation share of the total renewable energy generation. Hence, the RES-E 

does specify in less detail, compared to the White Paper, the increase in forest fuels necessary 

to fulfil the RES-E targets. Thus, the results from Scenario 2 have to be interpreted with this 

in mind. The full implementation of the RES-E Directive only concerns, in the EFTM, the 

power generating sector. Hence, for all other industries the production will not change. The 

RES-E Directive is applied on a national basis, implying that the power generating sector in 

each country has to increase its production with a certain amount. As in all other scenarios, 

the results in Scenario 2 are driven by the marginal products and the relative prices. 
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 When the RES-E is implemented the largest net exporter of by-products will be 

Finland, Austria and Latvia. Latvia is one of the countries using less by-products and more 

logging residues in order to fulfil the goal. Hence, in Scenario 2 Latvia will be a net importer 

of logging residues and a net exporter of by-products.  In contrast, Sweden will use more by-

products and less logging residues, compared to the Baseline scenario, resulting in a large 

increase in the net import of by-products and a high net export level of logging residues. 

Hence, the Swedish power industry will use less logging residues in its power production 

exporting to industries in other countries for which the marginal product of logging residues is 

higher.

Implementing the EU energy policies will result in an increase in the total trade 

volume for both by-products (BY) and logging residues (LG). This is illustrated in Table 6.3 

in which the change in which the trade in Scenario 1 and Scenario 2, respectively, are 

compared to the Baseline.  

Table 6.3 Percentage change in the total trade of BY and LG compared to Baseline 

Input Scenario 1 Scenario 2 

By-products  + 10 + 50 

Logging residues  + 14 + 67 

 If the White Paper is implemented the total trade of by-products will increase with 10 

percent. In the Baseline scenario the total EU net export amounted to 40 TWh (as well as the 

net import since they have to sum to zero). This amount increased to 43.6 TWh in Scenario 1. 

In addition the total trade of logging residues will increase by 14 percent in Scenario 1 

compared to the Baseline. If the RES-E Directive is implemented this will boost the trade 

even more. The total trade will increase by 50 and 67 percent for by-products and logging 

residues, respectively, in Scenario 2 compared to the Baseline. Stated differently, in Scenario 

2 the net import of by-products amounted to 59.9 TWh and 86.9 TWh for logging residues.  

 Implementing the White Paper and RES-E Directive will force the forest fuel based 

energy generation to increase. Since the White Paper is applied on a national basis, in the 

EFTM, the total production of the industry sectors will adjust according so as to fulfil the 

national objective cost effectively. This implies that sectors that are relatively productive in 

the forest fuel based energy generation will contribute more to the national goal fulfilment. 

However, due to this the industry input demand will change possibly causing problems for 

some industries to secure their needed for raw material. The fact that the policy 
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implementations will boost the trade may mitigate problems such as these. On the other hand, 

integrating countries, as is done in the EFTM, increases the possibility for some industries to 

increase their production even more, possibly strengthening prevailing problems securing the 

needed inputs for some industry sectors.  

Although the total EU forest fuel based energy generation has to increase its relative 

share as a percentage of the total biomass for energy generation will decrease with the EU 

energy policy implementations. In 1999, forest fuel based energy generation amounted to 46 

percent of the total biomass energy generation (302 out of 651 TWh). With the White Paper 

implementation this share will instead be 32 percent (506 out of 1570 TWh).34 Accordingly, 

the White Paper projects that the largest increase in biomass based energy production will 

originate in the use of more energy crops (not treated as an agricultural resource) and biogas 

hence reducing the relative share of forest fuels. However, the national forest fuel based 

energy generation will nonetheless increase possibly creating, or worsening, industry 

problems securing the needed inputs – problems that might not be mitigated by an increased 

trade.  

Smaller volumes of roundwood are being used by the energy sector. However, the 

roundwood sector is only briefly considered in the EFTM, and the use of roundwood by the 

energy sectors is ignored. Currently, the use of roundwood by the energy sector is small, but 

the implementation of the White Paper and the RES-E Directive may boost this demand 

leaving less roundwood available for the forest industry (here mainly the pulp mills) to 

consume. The simulations show that the roundwood market will be left unaffected by an 

increased demand for by-products and logging residues. Hence, the increased energy sector 

demand for forest fuels will not have any explicit consequences for the roundwood market.  

6.2 Substitution responsiveness 

Since the elasticities of substitution between the input factors are important parameters in the 

EFTM, a sensitivity analysis has been conducted to check how sensitive the results are to 

changes in these parameters. In the analysis, the elasticities of substitution are changed by 1

                                                

34 The White Paper goal is to have a total EU biomass based energy generation of 1570 TWh and an increase in 
the forest fuel based energy of 122 TWh in the year 2010. The current forest fuel based energy generation is 384 
TWh, with the implementation the forest fuel based energy will increase with 32 percent (122+384)/1570.  
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unit for the heat and power industries,  0.1 units in the woodfuel refining industry and 0.5

units in the pulp industry. The sensitivity results are reported in Table 6.4.35

Table 6.4 Percentage change in net import when changing the elasticity of substitution 

Variable By-products Logging residues 
Net import, substitution elasticity low -1 -2 

Net import, substitution elasticity high -2 +2 

Decreasing the elasticities of substitution with one for the heat and power industries, 

0.1 for the refined woodfuel industry and 0.5 units for pulp industry will decrease the total 

trade of by-products by one percent. In addition the total trade in logging residues will 

increase by two. Thus, increasing the technical ease of substituting between inputs will 

decrease the total trade volume increases of both by-products as well as logging residues. 

Also, increasing the elasticites of substitution with one, 0.1 and 0.5 units respectively will 

increase the trade volume in both inputs. Overall, the total trade volume changes are relatively 

small when changing the elasticity of substitution hence the sensitivity analysis presented in 

the section above indicates that the EFTM produces relatively robust results.

6.3 Summary 

This chapter has presented scenario results as well as some implications thereof. Interlinking 

countries, the EFTM is letting countries produce the goods that they are relatively good at 

producing. The countries will demand relatively large quantities of the inputs used when 

producing these goods and if the domestic supply of the inputs is less than needed the 

countries can import the remaining quantity. Therefore, the choice of input combinations will 

affect the trade. Since the available data generally is insufficient and the made approximations 

therefore are many, the results from the EFTM can only be discussed on a general level. The 

simulations show that the implementation of the White Paper and the RES-E Directive will 

boost the trade in forest fuels, resulting in total trade increases of up to 67 percent. 

Furthermore, depending on policy implementation one country that was net importing by-

products given the White Paper implementation can instead be net exporting by-products 

when applying the RES-E Directive.  
                                                

35 When a country transforms from a net exporter (a negative value) to a net importer (a positive value) the 
percentage change can not be calculated. Transforming from, for example, -430 to 933 the absolute change is 
1,363. Traditionally, the percentage change would be 1363/-430  -3.17 but that is clearly not accurate. Thus, in 
the sensitivity analysis the percentage change in the total net import (summed over countries) is instead used. 
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7. Conclusions

During recent decades major changes in the EU energy policy have occurred. The White 

Paper and RES-E Directive were designed partly to support an increasing use of forest fuels 

as sources for energy generation. An increasing demand for forest fuels in Europe can imply 

higher forest fuel prices in some countries for which the aggregated demand curve shifts 

outward and the demanded quantity increases. National forest fuel markets are starting to 

integrate towards a European one and the European trade in forest fuels is expanding. An 

increasing European trade can both strengthen as well as mitigate national upward pressures 

on the forest fuel prices. Hence, investigating the European trade in forest fuels is important 

for understanding how industry sectors in the European economies will be affected by the EU 

policies aimed at promoting the use of renewable energy sources.  

 The analysis of policy consequences ex ante requires modelling. There were few 

existing models suitable for this purpose. General equilibrium models were too broad to 

create a comprehensive understanding on how the European forest fuel trade can be affected 

by EU policy implementations. Furthermore, econometric models were difficult to apply on 

the problem since they demand statistics on several variables for a large number of countries 

while the European statistics on the forest fuels generally are insufficient. A calibrated, less 

data demanding model, was therefore more appropriate to use in this thesis. The calibrated 

model built had to address both the supply and the demand side of the forest fuels that are in 

focus, hence previous model work focusing only on the supply side could not be used. For 

this reason a new model simulating the European trade in different forest fuels was developed. 

Outlining a new model, labelled the European Forest Trade Model (EFTM), as well as coding 

it using the GAMS software was therefore the main objective of this thesis. Secondly, the 

thesis aimed at analysing the possible trade levels of forest fuels in Europe following the 

implementation of EU energy policy.  

  The strength of the EFTM lies in its detailed depicturing of different industry sectors 

using forest fuels. The detailness makes it possible to investigate different industry sectors 

and how their behaviour will affect other sectors. An industry sector will, when choosing 

input combinations, affect the input choices made by other sectors. This addresses the 

usefulness of the EFTM which does not study the industry sectors in isolation, but as a part of 

a larger concept in which different industry sectors and the decisions they make influence 



60

each other. In addition, the EFTM not only models industries in detail but also the products 

that they use and produce. Previous models have only broadly depicted the use of different 

biofuels making it hard to analyse in detail how the use of a certain biofuel by one industry 

affects the use of this biofuel in another industry. Accurate conclusions concerning the 

increased competition for forest fuels demand a thorough modelling of the industry sectors 

use of forest fuels. Also, the EFTM investigates the trade in forest fuels, not modelled in 

previous research. Modelling the trade is necessary in order to get a comprehensive 

understanding of the situation for different industry sectors affected by the evolvement on the 

forest fuel market. The EFTM assumes that a country first and foremost uses the domestic 

input supply in order to satisfy its domestic input demand. This is presumably accurate since 

transport costs between countries exist making the forest fuel markets primarily national. This 

is further accounted for in the EFTM, applying national forest fuel prices instead of joint 

European ones.  

 Besides outlining a new model, substantial efforts were made to collect available 

European statistics on forest fuels as well as estimating values when the appropriate data were 

missing. Since the available data generally were insufficient and the approximations therefore 

were many the results from the EFTM can only be discussed on a general level. Future 

research efforts should therefore aim not only at refining the model; it is equally important to 

provide the necessary statistical data and resolve any standardisation problems attached to this 

data.

 Implementing the White Paper and RES-E Directive will force the forest fuel based 

energy generation to increase. Since the White Paper is applied on a national basis, in the 

EFTM, the total production of the industry sectors will adjust according so as to fulfil the 

national objective cost effectively. This implies that sectors that are relatively productive in 

the forest fuel based energy generation will contribute more to the national goal fulfilment. 

However, due to this the industry input demand will change possibly causing problems for 

some industries to secure their needed for raw material.

 The simulations showed that the implementation of the White Paper and the RES-E 

Directive will boost the trade. When implementing the RES-E Directive the total trade in 

logging residues increased by 67 percent. Generally, the trade increased more when 

implementing the RES-E Directive then when implementing the White Paper. Still, the total 

trade increase in both scenarios is relatively high – being no less than 10 percent. 

Furthermore, the simulations showed which countries that will be net exporting versus net 

importing by-products and logging residues. Depending on policy implementation the results 
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differ - one country that was net importing by-products given the White Paper implementation 

can instead be net exporting by-products when implementing the RES-E Directive. Hence, a 

country can transform from a net exporter to a net importers (and vice versa) between the 

scenarios.  

 The fact that the policy implementations will boost the trade may mitigate potential 

industry problems to secure the needed inputs. On the other hand, integrating countries, as is 

done in the EFTM, increases the possibility for some industries to increase their production 

even more, possibly strengthening prevailing problems for some industry sectors to secure 

their needed inputs. It is therefore not possible to generally conclude if a more integrated 

European forest fuel market, and hence an increased European forest fuel trade will mitigate 

industry problems to secure their needed inputs or not.
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