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Abstract 

Due to a host of incentives, European consumption of wood pellets has increased 

substantially in the past 10 years. However, the perceived GHG benefits of 

substituting fossil fuels with wood pellets remain uncertain, due in part to the 

applied accounting and calculating principles that do not take into account the 

GHG emissions arising from indirect effects, such as indirect land use change 

(ILUC) and indirect wood use change (IWUC). This thesis identifies the indirect 

effects resulting from wood pellet demand, and articulates how these can 

conceptually be synthesized and backed-up by available science. Building on 

available literature and data, this thesis provides a first qualitative and, to the 

extent possible, quantitative assessment of these effects, and examines options for 

taking into account the 'Wicked Problem' of indirect GHG effects in a model or 

method. The paper concludes that due to indirect effects, the GHG benefits (on a 

global scale) of substituting wood pellets for fossil fuels are likely smaller than 

expected. As the objective of RED is to reduce GHG emissions, this calls for the 

inclusion of indirect effects in the calculation of GHG benefits of wood pellet 

consumption. However, due to the 'wicked' nature of indirect effects and the policy 

framework for accounting for GHG emissions, taking into account these indirect 

effects is complex and fraught with uncertainties. Further research is required to 

establish a model or set of rules that is capable of doing this with the required 

accuracy and precision. 
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1 Introduction 

To mitigate the risk of climate change and reduce greenhouse gas (GHG) 

emissions, several European Union (EU) Member States (MS) have increased the 

use of woody biomass and other renewable energies over the last decade. 

However, evidence is building that the use of biomass, such as wood pellets, for 

energy generation could result in indirect GHG effects, which could reduce or even 

in some cases annul the perceived GHG emission benefits of substituting fossil 

fuels for woody biomass. As the objective of EU's climate policies, including the 

Renewable Energy Directive (RED), is to reduce GHG emissions, it is necessary to 

include all GHG emissions taking place as a result of the policy, including those 

indirectly the result of biomass consumption, in order to get a complete picture of 

the GHG benefits. To do so, all significant effects, direct as well as indirect, that 

lead to emissions of GHGs arising from the use of biomass for energy production 

would need to be included in the calculation of the GHG benefits (Liska & Perrin, 

2009). 

Currently all, direct emissions in the supply chain resulting from growth, production, 

and transport of the biomass and direct land use change are included under the 

policy framework, with the noticeable exception of final combustion of the pellet 

(the so-called 'smokestack emissions'), while indirect effects resulting from 

production of wood pellets are not included in the calculation. Thus, an incomplete 

picture of the GHG emissions benefits exist. Given the potential seriousness of 

indirect effects, as pointed out by e.g. the International Energy Agency (IEA, 2009), 

methods or models to account for indirect effects are needed. 

However, indirect effects are difficult to clearly define, are often multi-causal, and 

addressing them can have unforeseen consequences. Furthermore, as pointed out 

by several researchers (e.g. Gawel & Ludwig, 2011; Liska & Perrin, 2009; Agostini 

et al., 2013) quantifying indirect effects is notoriously difficult, from a scientific as 

well as policy perspective, and the science of doing so is still in its infancy. In many 

ways, accounting for indirect effects (of not only wood pellets) can be considered a 

so-called 'Wicked Problem' (Rittel & Webber, 1973; Australian Government, 

2007)1. Naturally, it is thus highly contentious (Finkbeiner, 2013; 2014a; b; Dale & 

Kim, 2011; Kim & Dale, 2011; O'Hare et al., 2011; Muñoz et al., 2014) and subject 

to intense debate. In lieu of the policy objectives and potential scale of the problem, 

accounting for these indirect effects constitute a pertinent challenge for scientists 

and policy makers alike (Hennecke et al., 2013, 61). 

This thesis identifies the indirect effects resulting from wood pellet demand, and 

articulates how these can conceptually be synthesized and backed-up by available 

science. Building on available literature and data, this thesis provides a first 

qualitative and, to the extent possible, quantitative assessment of these effects, 

and examines options for taking into account the 'Wicked Problem' of indirect GHG 

effects in a model or method. Based on the findings, perspectives are drawn to 

relevant legislation (national and supranational), and implications for future 

research are pointed out. 

                                                      
1 Wicked Problems are policy or scientific problems that lack a simple solution, but have many 

interdependencies and are difficult to define; a notable example is climate change as a policy problem 

(Australian Government, 2007). 
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Chapter 1 introduces the reader to the overarching research problem and sets the 

scope for the research carried out in this thesis. Chapter 2 presents the 

background information that puts the research conducted for this thesis into a 

wider context. Chapter 3 outlines the problem at hand and describes the research 

gap worth exploring. The objectives of this thesis are presented along with the 

research questions that this thesis set out to answer, and the audience to whom 

this work is relevant is presented. Chapter 4 presents the methodology, while 

chapter 5 provides an overview of production, trade and consumption in wood 

pellets, which sets the stage for the following chapters. The assessment of indirect 

effects of wood pellet consumption is undertaken in chapter 6, including evidence 

from the case study region, the US Southeast, along with an analysis of options 

that exist to account for indirect effects. Chapter 7 puts the results of the 

assessment into perspective and discuss the implications for policy makers, 

academia and industry, before conclusions are offered in Chapter 8.  
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2 Background 

With the intention to reduce GHG emissions in an effort to prevent a rise in global 

temperatures of no more than 2°C compared to pre-industrial temperatures (c.f. the 

Paris Agreement), governments around the world, inter alia, pursue renewable 

energy sources intended to replace fossil fuels, i.e. oil, gas and coal. Through 

political support (e.g. policies and instruments) and incentives (e.g. subsidies or 

taxes), renewable energy sources, e.g. biomass, solar photovoltaics (PV), hydro-, 

wave- and wind power, geothermal, are being rolled out across the globe. 

The EU and its Member States (MS) have implemented a number of policies to 

reduce GHG emissions, among these the '2020 EU Climate & Energy package,' 

which contains the 20-20-20 by 2020 targets. These are specified in a number of 

decisions and directives, the aim of which are: 

1 a reduction in GHG emissions of at least 20% below 1990 levels (Directive 

2009/29/EC; Decision No 406/2009/EC ("Effort Sharing Decision");  

2 20% of EU energy consumption to come from renewable resources 

(Renewable Energy Directive (RED) 2009/28/EC; Fuel Quality Directive (FQD) 

(Directive 2009/30/EC)) 

3 20% reduction in primary energy use compared with projected levels (i.e. an 

increase in energy efficiency of 20%) (Directive 2012/27/EU). 

In continuation of these, the EU has set three additional targets for 2030: to reduce 

GHG emissions by 40% below 1990 levels, with 27% of EU energy consumption to 

come from renewable energy, and to achieve a 27% increase in energy efficiency 

(EC, 2015c). 

The RED contains provisions on how the EU should reach target two on renewable 

energy consumption. To implement this Directive, each MS was obliged to publish 

National Renewable Energy Action Plans (NREAP) outlining how they expect to 

meet their 2020 renewable energy obligations. The plans include a list of actions 

the MS intend to undertake as well as renewable energy targets by source and 

sector, including the use of biomass for energy production. Every two years, the 

EU and each MS are to publish a renewable energy progress report that show how 

they are moving towards the target. In an effort to meet these targets, MS have 

implemented for renewable energy, including for biomass resources, various 

support schemes, such as tradable green certificates, Feed-in Tariffs, Grants, 

taxes, credits and exemptions (IEA, 2012).  

While numerous renewable energies can be utilized to meet the renewable energy 

obligations of each MS, this paper focus exclusively on woody biomass, 

specifically, wood pellets for energy generation. Woody biomass is increasingly 

being utilized as a low-carbon, (often) locally available, renewable energy source, 

used for numerous energy purposes, including conversion to biofuels or direct 

combustion for heat and electricity purposes (Cherubini, 2010; Cherubini & 

Strømman, 2011). This development must be seen in relation to other EU 

environmental policies, notably, the 1998 Forest Strategy (COM(1998)649) and the 

Forest Action Plan of 2007 (COM(2006)302), which was adopted to implement the 

strategy (Lantiainen et al., 2014). However, also the new Forest Strategy of 2013 
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(COM(2013)659) acknowledges the importance of woody biomass for energy, and 

national policies also support it, e.g. the UK Renewable Energy Obligation. 

 

2.1 UNFCCC, AFOLU and Carbon Accounting 

What favours biomass (woody and agricultural alike), and thus warrants its 

inclusion in many NREAPs is the fact that under RED, emissions from burning the 

biomass (so-called smokestack-emissions) are set to zero. The RED methodology 

follows the methodology used by the Intergovernmental Panel on Climate Change, 

the principle of which is that the CO2 emitted by burning biomass was sequestered 

from the atmosphere, and will be re-sequestered when the biomass that was 

harvested (and burned) is replaced by new biomass (e.g. forest regrowth), thus 

making biomass carbon neutral (Dehue, 2013). 

Therefore, in the national GHG inventories submitted by countries under UNFCCC, 

the CO2-emissions from combustion of biomass (the smokestack emissions) are 

not accounted for in the energy sector (it is added only as a "memo item"), but are 

included in the agriculture, forestry and other land uses (AFOLU) sector. The IPCC 

opted for including biomass emissions in the AFOLU sector to avoid double 

counting emissions from land use change (Bird et al., 2010). This means that CO2-

emissions accounted for do not incorporate combustion of the biomass (Agostini et 

al., 2013). Importantly, this has the implication that biomass combusted for e.g. 

energy purposes are not added to the total emissions of the energy sector of the 

given country, since it is assumed that these are captured under AFOLU 

(SWD(2012)343), giving biomass an advantage over fossil fuels, the emissions of 

which are to be accounted for in the energy sector. However, only countries 

participating in the Kyoto Protocol are obliged to report emissions under the 

AFOLU sector, which means the developing countries, as well as the US (who 

have signed by not ratified the Kyoto Protocol) do not report these emissions. 

Unmanaged forests are not included (SWD(2012)343) under LULUCF. It should be 

further noted that LULUCF emissions reported by the EU under the Kyoto Protocol 

are not counted as part of the EU 2020 climate commitments (SWD(2012)343); 

however, these are to be included in the 2030 goals, the exact way to include 

these being currently debated internally in the EU. 
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3 Problem Definition 

RED methodology requires that all direct emissions from the life cycle of wood 

pellets, except the 'smokestack emissions' must be accounted for. This means that 

all GHG emissions resulting from the entire wood pellet supply chain, e.g. harvest, 

fertilizer use, transport (of raw material and pellet), and production (grinding, 

drying, compressing, etc.) must be including when calculating the GHG benefit of 

utilizing wood pellets for energy generation. This can be done using e.g. life-cycle 

assessments (LCA), furthermore tools such as Biograce II (described in 

methodology section) has been developed to perform these calculations 

prescribing to the RED methodology. To comply with RED, users must ensure that 

biofuels emit at least 35% less GHGs over their life-cycle (cultivation, harvest, 

processing, transport, etc.) when compared to fossil fuels. For new installations, 

this amount rises to 50% in 2017 and 60% in 2018. These recommendations, 

however, do not apply to solid (and gaseous) bioenergy (COM(2010)11; Lamers et 

al., 2012).2 

3.1 Direct land use effects 

Wood pellets are derived from biomass, which requires land for production. 

Therefore, land use change (LUC) from the existing land cover to the desired 

biomass (in this case wood) can occur, e.g. converting agricultural land to biomass 

plantation to obtain raw material for production of wood pellets. This is referred to 

as Direct LUC (DLUC). Land-use change, especially in the case of natural forest 

being converted to agriculture or plantation forest, can have a number of adverse 

effects on biodiversity, climate, and ecosystem services (Gawel & Ludwig, 2011; 

Alcamo & Bennett, 2003). In the case of biofuels, to counter these unwanted, 

negative consequences, the EC has published a set of sustainability criteria for 

biofuels that, inter alia, forbid the use of biomass from land converted from forest. 

Again, these do not apply to solid (and gaseous) bioenergy. 

DLUC, most notably the loss of forest areas, is caused by proximate causes, e.g. 

infrastructure, agricultural expansion or wood extraction, which is driven by a 

number of underlying driving forces, e.g. demographics, economic development, 

technological and cultural factors, and political and institutional factors (Geist & 

Lambin, 2002). The increase in bioenergy production can be understood as a 

proximate cause of LUC in those cases where increased demand is the reason for 

LUC, e.g. if a primary forest is converted to plantation forest, the output of which 

will be used for wood pellets. In other instances, however, increasing wood pellet 

demand act as an underlying driving force, as RED (a political factor) has spurred 

demand for the product. 

                                                      
2 The EC is (reportedly) finalizing these, and they should be released as part of the Energy Union 

package; likely in a form similar to the existing RED criteria for biofuels (NL Agency, 2013). The EC did, 

however, publish a ‘Report on sustainability requirements for the use of solid and gaseous biomass 

sources in electricity, heating and cooling’ (COM(2010)11) that contained recommendations to those 

MS wishing “to introduce a national scheme in order to avoid obstacles for the functioning of the internal 

market for biomass” (EC, 2015b). While this should counter some of the most adverse effects, the EP 

acknowledged in a report (EP, 2015) that the implementation of these recommendations is “patchy” and 

that “some stakeholders have expressed concerns that divergent national sustainability criteria can be a 

barrier to (intra-EU) trade in solid biomass” (EP, 2015). 
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According to RED (Annex V), GHG emissions from (D)LUC must be included in the 

carbon footprint calculation of bioenergy, i.e. in the case where bioenergy act as a 

proximate cause. The methodology for accounting for LUC in RED is based on 

IPCC (2006) Tier 1 guidelines and emissions from LUC are annualized over a 20-

year period, taking into account the loss of above ground carbon and soil carbon; 

thus total GHG emissions depend on the type of land converted and the new land 

use. 

3.2 Indirect effects of wood pellets 

The debate over indirect effects of bioenergy use intensified with the publication of 

a paper in Science in 2008, in which Searchinger et al. (2008) claimed that the use 

of bioenergy indirectly led to LUC, which resulted in emissions of such a scale that 

the total GHG emissions exceeded those of comparable fossil fuels. This effect 

was labelled indirect land use change (ILUC). Since then, the concept has been 

subject to analysis and discussion in a number of scientific articles (e.g. Fargione 

et al., 2008; Matthews & Tan, 2009; Melillo et al., 2009; Edwards et al., 2010; 

Plevin et al., 2010; Overmars et al., 2011; Dumortier et al., 2011; Khanna & Crago, 

2012; Broch et al., 2013) and been subject to political (e.g. SWD(2012)343) and 

interest group (e.g. Greenpeace, 2013; Malins, 2015; NRDC, 2014; Searchinger & 

Heimlich, 2015) debate. While current debate has focused on the effects of ILUC, 

accurately accounting for the indirect effects of bioenergy consumption, in this case 

wood pellets, requires one to assess all indirect effects that impact on the total 

GHG benefit, not just examining marginal effects on land use (Liska & Perrin, 

2009). In its simplest definition, indirect effects refer to effects (in this case, GHG 

emissions) that are outside the boundary of the item analysed. In the case of RED, 

outside the direct supply chain. Thus, a key characteristic of indirect effects are 

that they are spatially and/or temporally distanced from the bioenergy production or 

service in question.  

Looking at wood pellet production from a systemic point of view, to meet a given 

demand for wood pellets, a certain amount of raw material is needed, which can be 

obtained in a number of different ways (after Cherubini, 2010; Yeh & Witcover, 

2010; Panichelli & Gnansounou, 2008), e.g. by: 

› Deforestation (i.e. harvesting natural forest for resources) 

› Plantation area expansion (i.e. expanding the area of plantation land by 

converting other land uses, e.g. natural forest, degraded land or agricultural 

land, into plantation) 

› Biomass use substitution (i.e. using wood for biomass pellet production 

instead of other purposes), 

› Broadening the resource base (i.e. using another feedstock for wood pellet 

production, which is not normally used) 

› Shortening the rotation length (i.e. harvesting the same plot more often) 

› Yield increment in the same land (i.e. increasing production through 

intensification, e.g. by the use of fertilizers and pesticides). 
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› Intensification by intercropping methods 

Looking at the above, it becomes clear that DLUC concern only the top two, and 

only in those instances where pellet demand act as proximate cause, while the five 

remaining options for meeting pellet demand (or any biomass demand, really) are 

not discussed. The changes in GHG emissions resulting from producing wood 

pellets employing (a combination of) the above methods can be termed as the 

indirect effects. These are potentially large (IEA, 2009), and should thus be 

included in the calculation of the total GHG benefit of using wood pellets for energy 

production. 

Looking at the effects above, it can be seen that the first two concerns the use of 

land; these are grouped under the heading "indirect land use change (ILUC)." The 

next two concern the raw material from which wood pellets are produced; these are 

grouped under the heading "indirect wood use change (IWUC)." Finally, the latter 

three concern the management of the forestland; these are grouped under the 

heading "indirect forest management change (IFMC)." 

A fourth indirect effect, labelled Indirect Fuel Use Change (IFUC) (Rajagopal et al., 

2011) have been discussed, which refers to the fact that the use of biomass for 

energy purposes may alter the price of (fossil) energy, which will change the 

consumption of these resource. In this way, the use of biomass for energy will 

change the total GHG emissions of fossil energy compared to a counterfactual 

scenario in which biomass was not used for energy. The magnitude of this effect 

depends, inter alia, on market conditions and policy regime, and can be either 

positive (increase) or negative (decrease the total GHG of bioenergy) (Rajagopal et 

al., 2011). A conceptual illustration of the four indirect effects are shown in Figure 1 

below. In the following sections, the former three are discussed in turn, while the 

latter is excluded. While potentially important, IFUC effects are not included in this 

paper, as this would require analysis of the impact of wood pellet on consumption 

fossil energy, which is outside the scope of this paper. 



 

 

  

   

THE INDIRECT GREENHOUSE GAS EFFECTS OF WOOD PELLET CONSUMPTION FOR ENERGY GENERATION  13  

Simon Laursen Bager, tch167  

 

Figure 1. Conceptual overview of indirect effects of wood pellet consumption. ILUC and IFMC 

concerns the upstream part of the supply chain where feedstock is grown, while 

IWUC concerns the sourcing of raw material for the production of wood pellets. 

IFUC concerns the use of energy and the resulting change in price of these. 

Adapted version of Figure 1 in Bager et al. (2015). Copyright-free pictures from 

pexels.com and freeimages.com.  

 

3.2.1 Indirect Land Use Change 

Indirect Land Use Change (ILUC) is defined as the LUC taking place separate from 

feedstock in question, induced by the change in production of the feedstock (Wicke 

et al., 2012). ILUC ensues when land, which is currently used for food production is 

changed to e.g. wood pellet plantation, and the production of the product 

previously produced on that land (e.g. maize) shifts to another location (e.g. Brazil), 

where LUC could occur to make room for the crop (Cherubini et al., 2009). Thus, 

ILUC refers to LUC occurring due to displacement of the production previously 

taking place on the land now used for bioenergy (Berndes et al, 2010). The GHG 

emissions resulting from the previous activity being displaced to another location 

are the indirect land use change effects of bioenergy production (Cherubini, 2010; 

SWD(2012)343; Wicke et al., 2012; IEA, 2009). As can be seen from Figure 2, the 

emissions from ILUC are not 1:1; some of the production lost, when the area, now 

used for bioenergy, was converted, will be met through intensification of existing 

areas and some through a decrease in consumption. The latter effect is important 
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in a context of hunger and malnutrition, and politically sensitive, but the degree to 

which bioenergy production decrease global food consumption will not be further 

discussed here, although this topic undoubtedly deserves further attention. 

As illustrated in the figure, not all ILUC is undesirable; converting degraded land to 

a forest plantation will have positive impacts on carbon stock and ecosystem 

services (Wicke et al., 2012; Liska & Perrin, 2009), while not risking food 

production, and should ideally be encouraged over conversion of agricultural land 

or natural habitats. 

 

Figure 2. Conceptual Indirect Land Use Change. Loss of agricultural land is replaced by 

intensification, consumption change, or expansion (leading to LUC); the degree 

to which demand is met by either of the three (the factor) will have to be known 

to accurately account for ILUC. The marginal LUC influence the ILUC effect (in 

CO2e ha-1) of loss of agricultural land, and must be known. Figure by author. 

It must be noted that ILUC can have other consequences than simply GHG 

emissions through the conversion of land. If land is changed from natural forest or 

wetland to plantation, ecosystem services, such as water quality and retention, 

nutrient circulation and protection against erosion, can be compromised (Alcamo & 

Bennett, 2003; Shvidenko et al., 2005), and social issues can arise (Gawel & 

Ludwig, 2011); these effects are often overlooked in the current debate. Cherubini 

& Strømman (2011) conducted a review of papers that had assessed the GHG and 

energy balances of bioenergy using life-cycle assessments, and found that over 

half of these (47 papers) did not consider other effects than carbon. Interestingly, 

those papers that did consider these effects found that “most, but not all, bioenergy 

systems lead to increased impacts [on e.g. ecosystem services] when compared to 

fossil reference systems” (ibid, p. 441). Although these effects warrant further 

attention, they will not be explicitly dealt with in this paper, the focus of which is on 

indirect GHG effects. 

3.2.2 Indirect Wood Use Change 

Increasing demand for biomass raw materials, e.g. by increasing demand for wood 

pellets, increases competition for resources and can lead to shifts in production of 

biomass resources (Galik & Abt, 2015). Indirect carbon effects resulting from such 
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competition for biomass resources (IEA, 2009) are here referred to as Indirect 

Wood Use Change (IWUC). As can be seen in Figure 3, IWUC refers to two forms 

of competition. Competition for the same raw material as wood pellets are 

produced from (i.e. primarily forest industry residues) (upper part of figure) and 

production of wood pellets using raw materials normally used for higher value 

products (e.g. Roundwood) (lower part of figure) 

 

Figure 3. Conceptual illustration of Indirect Wood Use Change. Forest industry residues are used 

for a number of products (top left corner), but increasing demand for wood 

pellets will shift the composition of products produced using the raw material (top 

right corner). Similarly, wood pellets can increasingly be produced using 

Roundwood or sawn wood (bottom right corner). Ceteris paribus, the products 

previously produced using forest industry residues or other feedstock (left side of 

the figure) will now be produced using another raw material (arrows shifting out). 

This production change can happen within the same wood market or in another 

location, increasing total demand for wood products and thus increasing harvest 

rates. Sizes of boxes and arrows do not indicate actual market sizes. Illustration 

by author. 

 

IWUC thus implies that the land use remains the same, e.g. pine plantation, but 

instead of the wood produced being used for pulp (same raw material) or lumber 

(other raw material), the biomass is instead used for pellets. Assuming that the 

demand for the replaced product (e.g. pine) remains the same, the production of 

this must take place by intensifying existing areas (leading to GHG emissions) 

(discussed below) or at another location, which could lead to emissions from LUC 

in that location; this effect is also sometimes referred to as leakage (Galik & Abt, 

2015). As these emissions are induced by bioenergy (e.g. wood pellet production), 
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the emissions resulting from these changes should be allocated to bioenergy 

(Agostini et al., 2013). 

The indirect wood use effect is slightly more complicated than this, however, in that 

four scenarios are essentially possible when substitution occurs: 

1 the wood product is replaced with biomass grown elsewhere, possibly leading 

to ILUC (essentially ILUC induced by product substitution rather than 

relocation of food production) 

2 Intensifying production of the raw material in question (e.g. increasing fertilizer 

rates, increasing harvesting rates, shortening crop rotation time); 

3 Demand for the product is substituted with another material (e.g. bricks 

substituting lumber, or fossil fuels substituting residues for heating), which will 

often lead to increased GHG emissions (Sathre & O'Connor, 2010); 

4 Demand for the wood product is going down, in which case the alternative 

use, rather than wood bioenergy, becomes the regrowth of the forest. The 

carbon forgone if this regrowth does not take place then becomes the indirect 

effect (Agostini et al., 2013). 

Briefly assessing ILUC and IWUC of wood bioenergy, Agostini et al. (2013) reach 

the conclusion that “studies that fail to consider the wood for material displacement 

may come to misleading conclusions” [regarding the carbon effect of using 

bioenergy]. While important, the effect has received limited attention from scholars, 

and most studies are economic models predicting the degree of leakage (effect 

one) taking place if demand is increased by a certain amount or percentage (e.g. 

Abt, Abt & Galik, 2012; Galik & Abt, 2015; Sedjo & Sohngen, 2013). 

3.2.3 Indirect Forest Management Change 

The final indirect effect discussed concerns the changes to forest management 

taking place because of increased demand for a given product. Indirect forest 

management changes (IFMC) could be changes to crop rotation cycle (i.e. the age 

at which the tree is harvested) and the degree and type of removal from the forest 

(i.e. intensifying removals from an extensive forest) (Repo et al., 2011). This could 

have impact on the carbon stock of the forest as well as the GHG effect of the 

harvested products (Abt, Abt & Galik, 2012), as intensified removals affect above 

as well as below ground and soil carbon (Repo et al., 2011). The changes to forest 

management practices and feedstock removal is depicted in Figure 4 below. 
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Figure 4. Conceptual illustration of indirect forest management change. Fertilizer, rotation, and 

forest composition (and other management practices not shown) could change 

as a result of demand. Similarly, the removal from the forest (actual harvest and 

any residues removed) can change. Relative size of boxes do not indicate real-

life situations. Illustration by author. 

 

3.3 Scope and delimitations 

With the above sections in mind, the total emissions from wood pellets can be 

defined as the combined emissions resulting from (see Figure 5): 

› The emissions in the full supply chain (harvest, production, transport, etc.) of 

wood pellets. These emissions are calculated using various LCA-tools, such 

as Biograce II. 

› The emissions from DLUC. If attributed to pellet production, these emissions 

are also calculated using Biograce. 

› The indirect emissions taking place due to of ILUC, IWUC and IFMC. These 

effects are not included in the total emissions profile of wood pellets. 
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Figure 5. Theoretical illustration of total life-cycle (direct + indirect) emissions. Size of figures do 

not denote actual size of respective emissions 

 

Due to disagreements over methodology, as well as data deficiency, and a number 

of uncertainties and other scientific issues, until recently, no indirect effects of 

bioenergy was taken into account. However, following the intense debate around 

ILUC of biofuels, the EC conducted an impact assessment (SWD(2012)343) that 

assessed “whether GHG associated with ILUC [of biofuels] should be addressed, 

and if so in which way” (SWD(2012)343). Subsequently, a proposal to amend RED 

and FQD and to include emissions from ILUC in the methodology for accounting 

for emissions from biofuels was put forward by the EC in October 2012 

(COM/2012/595). The deliberations resulted in a new EU Directive 

(2015/1513/EU), amending FQD (98/70/EC) and RED (2009/28/EC), in which an 

ILUC factor, which is a ‘penalty’ (usually measured in gCO2e MJ-1) added to the 

lifecycle emissions of biofuels, were introduced for three groups of biofuel 

feedstocks3. 

As the environmental and social consequences of direct and indirect effects can 

potentially be severe, these should arguably be included in the benefits and 

drawbacks of bioenergy development, and thus included in models and 

acknowledged in policy (IEA, 2009). However, no well-established model for the 

inclusion of indirect effects exists (Hennecke et al., 2013, 57): No scientifically 

sound method to quantify indirect effects properly exist, nor can any politically 

acceptable and/or policy-compatible method, beyond ILUC factors, be identified. 

The result of these problems is that for most fuels ILUC and other indirect carbon 

effects are not taken into account by the accounting tools or models for biofuels 

and solid biomass that currently exist (e.g. Biograce I and II and other LCA-type 

models) (Hennecke et al., 2013,). 

As the policy objective of the EU (2020 Strategy) and the legislative framework 

(RED) requires reduction of GHG emissions, it becomes evident that the GHG 

emissions taking place as a consequence of indirect effects of biomass pellet 

demand would need to be included to give a clear picture of the carbon benefits. 

                                                      
3 The feedstocks for which an ILUC factor is included is; i) cereals and other starch-rich crops, ii) 

sugars, and iii) oil crops. Feedstocks not listed in part A of Annex IX of Directive 2015/1513/EU, are 

considered to have an ILUC factor of zero. 
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Furthermore, the topic of indirect effects is gaining increasing attention by 

researchers and policy-makers alike, as concerns over the sustainability of 

production (and long-distance transport) of wood pellets have been voiced (e.g. 

NRDC, 2014).  

3.3.1 Research Question 

From a scientific (e.g. Searchinger et al., 2008) and policy perspective (e.g. 

SWD(2012)343) alike, determining indirect effects of bioenergy consumption has 

so far mostly been a case of estimating ILUC for biofuels, and a number of studies 

estimating or modelling this can be found. ILUC and IWUC for solid biomass (e.g. 

wood pellets), however, have received very limited attention, and only one paper 

(i.e. Wang et al. (2015) assessing potential indirect effects as a result of wood 

pellet consumption has been found. This is likely due to the fact that it is often 

assumed that pellets were only produced using harvest and wood industry 

residues and that this would not induced any market shift. 

As such, limited information on the presence and type of indirect GHG effects of 

wood pellet consumption for energy generation exist. Therefore, a primary 

research objective of this paper is to identify which indirect effects exist and 

articulate how these can be synthesized and backed-up by available science. 

Furthermore, given that the scale of these indirect effects are not well known, a 

second research objective of this paper is to provide a qualitative, and to the extent 

possible, quantitative assessment of the impact of indirect effects on the GHG 

benefits of using wood pellets for energy generation. 

As a policy objective of RED is to reduce emissions, indirect effects should 

arguably be included in the assessment of GHG benefits resulting from the use of 

wood pellets for energy generation, given severe consequences of GHG emissions 

for the world's climate. Therefore, a (or several) method(s) for quantitatively and/or 

qualitatively taking into account indirect GHG effects of wood pellet consumption 

for energy generation should be developed. 

As such, a final research objective of this paper is to examine which options for 

taking into account indirect GHG effects exist, and, to the extent possible, 

conceptually construct a method/model to account for these effects. As the 

discussion of GHG emission benefits is framed by policy objectives of the EU, this 

should be done taking into account the legal (i.e. RED) and practical framework 

(i.e. related tools to account for GHG emissions, such as Biograce II).  

In order to fulfil these objectives, the following research questions must be 

answered: 

1 In the context of wood pellets, which indirect effects have been identified, and 

how can various scientific approaches to indirect effects be synthesized in a 

set of well-defined effects that can be backed-up by available science? 

2 Using available data sets and literature, what does a qualitative and 

quantitative assessment of the identified indirect effects of wood pellet use for 

energy generation show concerning GHG emissions? 
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3 Which options for taking into account indirect effects exist, and how can 

indirect GHG effects conceptually be accounted for in a model or method 

working within the legal and practical framework surrounding wood pellet use 

for energy generation? 

Besides using available literature and data, the answers to the research questions 

are illustrated using a mini case study on the US Southeast. This region produces 

an increasing part of wood pellets consumed globally, and is thus important in the 

context of indirect effects resulting from a use of wood pellets for energy 

generation. While there are certain characteristics that exclusively concern this 

area, the effects are to the extent possible discussed in general terms enabling use 

of the findings in other settings. 

Arguably, other environmental and social impacts associated with indirect effects of 

increased biomass demand and subsequent land use and wood use change, such 

as impacts on biodiversity, water consumption, air quality, and other ecosystem 

services, as well as considerations in relation to food security and other issues of 

fairness and equity exist. However, these impacts are outside the scope of this 

study and are not taken into account. 
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4 Method 

In this paper, three conceptual models for the three indirect effects defined are 

described, and an assessment of the various aspects of the models follows. The 

models were developed taking as a starting point the policy framework (i.e. RED, 

AFOLU accounting principles, IPCC methodology), the accounting tools available 

(e.g. Biograce II), the literature and qualitative information available, as well as the 

quantitative information available (e.g. in databases). 

After describing the information collection process, the Biograce II tool is briefly 

introduced, and the chapter ends with a description of the data available for 

assessing indirect effects. 

As the topic of indirect effects, notably ILUC, have received attention from policy 

makers, interest groups and researchers alike, the literature used in the 

assessment of indirect effects included government publications (legal documents 

and reports alike), publications by interest groups and industry, as well as scientific 

peer-reviewed literature. Information regarding four separate topics was included: 

› Information on production, consumption and trade in wood pellets was 

included in order to get a picture of the current and future trends. This also 

included information on wood pellet and forest-product supply chains, as well 

as prices of pellets and raw material supply. Concerning production and 

consumption data, this information was mostly gathered from statistical portals 

and publications by interest groups and government agencies. As concerns 

supply chains of wood pellets, this was gathered from academic articles and 

interest group publications. 

› Information on ILUC and other indirect effects. This concerns ILUC of wood 

pellets, to the degree that this has been discussed in literature, as well as 

general information on indirect effects of bioenergy production and 

consumption. The source of this information was academic articles and 

publications by governmental and supranational organizations. 

› Information on modeling efforts, economic and deterministic alike, concerning 

indirect effects of bioenergy, as well as advantages and drawbacks of both 

approaches. This information was exclusively found in academic articles. 

› Information on the US Southeast, which is used as a mini-case study, as a 

large part of the growth in production originate in this area, and as it is 

assumed to be the source of future EU imports (Goetzl, 2015; Iriarte et al., 

2014). This information was mostly taken from publications by authors with an 

expertise on the geographical area. 

 

4.1 Biograce II 

Biograce II is an Excel based tool with 27 predefined biomass chains (labelled 

‘pathways’) for converting wood resources to electricity, heat or combined heat and 

power (CHP). The tool allow users to calculate GHG emissions from the various 



 

 

   

  

 22  UNINTENDED OR UNANTICIPATED CONSEQUENCES? 

 C:\Users\SLBA\Documents\Privat\Speciale\Paper_final.docx 

stage of the supply chain of solid and gaseous bioenergy taking into account 

harvest, conversion, transport stage(s) and final conversion into electricity. 

Furthermore, components such as DLUC, N2O field emissions, net heat and 

electricity efficiencies, and co-digestion (biogas and biomethane) can be calculated 

(Giuntoli et al., 2014). 

The tool follows the methodology laid down in a number of reports by the European 

Commission (COM(2010)11, SWD(2014)259, Giuntoli et al., 2014), and includes a 

list of standard values for various conversion and production aspects with 

information on how they were calculated and detailed rules on how to perform 

calculations. These can be used in situations where the user do not have access to 

specific data on the supply chain being analysed. The tool also include a user 

manual and a methodological background document to help users perform 

calculations. Total GHG emissions are converted to CO2-equivalents (CO2e), which 

is normalized by the energy content of the fuel, e.g. CO2e MJ-1 or CO2e kWh-1, 

which can then be compared with various fossil fuel references, e.g. electricity 

produced in Denmark using coal (Broch et al., 2013). 

As such, Biograce II is used for compliance purposes, i.e. to check whether solid 

and gaseous bioenergy, such as wood pellets, achieve the GHG reduction 

standards compared to fossil references required. The tool is therefore backwards 

looking; i.e. it shows the impacts of what was done, not what will happen under 

certain scenarios. It is thus not forward looking, as equilibrium models are. 

As the tool follows RED-methodology, the carbon emissions from LUC are 

amortized over 20 years. This approach has been criticized by several authors 

(e.g. Schmidt & Brandão, 2013; Schmidt et al., 2015; Cherubini & Strømman, 

2011), as it can underestimate the true climate effects of GHG emissions resulting 

from LUC. While the points are valid, the approach will not be challenged here, as 

the objective is to assess indirect effects of wood pellet consumption rather than 

the implications of zero accounting of smokestack emissions. As RED does not 

take into account ILUC or IWUC for solid and gaseous bioenergy, Biograce II does 

not allow for calculations of these effects. 

Two types of LCA exist, attributional LCA (ALCA), which use average data, and 

consequential LCA (CLCA), which use marginal data. The former can be used to 

calculate the impact of e.g. a product such as wood pellets, while the latter is used 

to calculate the emission change resulting from changes to e.g. demand. From a 

scientific point of view, these two methodologies cannot be combined. However, 

RED, and thus Biograce II, is not fully respecting this principle. Whittaker (2014) 

describes the LCA methodology in RED as ‘partially’ consequential (as it is part 

attributional, part consequential), while Brander et al. (2009) views the 

methodology in RED as “largely consistent with ALCA.” Whittaker (2014) provides 

a very interesting take on what happens when the two LCA approaches are 

combined. Scientifically speaking, if ALCA and CLCA are combined, misleading 

analyses, with misleading conclusions, result. However, what is misleading 

“depends on the original goal. For scientific analysis there is a requirement to be 

accurate, whereas in policy, the goal is to be effective in directing the renewable 

energy sector to effectively reduce GHG emissions” (Whittaker, 2014, p. 125). 

Taking this standpoint, combining elements from both types of LCA in a tool can 

thus be politically effective, while remaining scientifically inaccurate. Thus, if the 
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objective is to model indirect effects in order to account for these within a policy 

framework, mixing CLCA and ALCA might not constitute a problem. 

As the policy objective of the RED and the FQD, inter alia, is the reduction of GHG 

emissions by promoting bioenergy use, the GHG accounting procedure and tools 

should facilitate the inclusion of ILUC and other indirect effects in the carbon 

footprint calculation of the respective bioenergy source, even if scientific 

uncertainty exist (Cherubini & Strømman, 2011). This becomes especially pertinent 

when taking into account the role of the precautionary principle in EU policy 

making. Therefore, the conceptual models do not concern themselves with a 

discussion of whether CLCA or ALCA rules are kept, but simply assess the 

dynamics of the indirect effects. 

 

4.2 Development of Concept 

Taking as a starting point that other indirect effects than ILUC are relevant, the 

theoretical model of indirect effects applied in this paper is: 

𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝐸𝑓𝑓𝑒𝑐𝑡𝑠 = 𝛼 × 𝐼𝐿𝑈𝐶 + 𝛽 × 𝐼𝑊𝑈𝐶 + 𝛾 × 𝐼𝐹𝑀𝐶 + 𝛿 × 𝐼𝐹𝑈𝐶 + ⋯ 𝜔 × 𝐼𝑋𝑈𝐶 

where 

ILUC = Indict Land Use Change, 

IWUC = Indirect Wood Use Change, 

IFMC = Indirect Forest Management Change, 

IFUC = Indirect Fuel Use Change, 

IXUC = Indirect Unknown Change 

α, β, γ, δ, ω = coefficients of change 

Following from this theoretical model, the qualitative information gathered on wood 

pellet and forest dynamics, the quantitative information on the forest product 

markets, as well as the theoretical information available on indirect effects, each of 

the conceptual models of indirect effects were sketched out.  

 

4.3 Data availability 

In order move from a set of conceptual models of potential indirect effects to an 

assessment of these, data and statistical information is needed. Therefore, data 

sets relevant to indirect effects of wood pellet consumption were collected with the 

purpose of identifying data that could assist in assessing indirect effects and 

qualifying the conceptual models developed. The starting point for identifying and 

selecting appropriate data sets was the theoretical knowledge of how indirect 

effects occur. Overall, four types of data relevant for this were identified: 

› Trade data: This includes information on tonnes of wood products imported 

and exported from various markets, regions and countries. 
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› Production data: This includes information on current and previous production 

of various wood products in various markets, as well as the price of products 

in these markets. Production capacity data also falls under this category. 

› Consumption data: Information on current, previous and future consumption in 

the markets analysed, including statistical material and market projections. 

› Emissions and land use data: This includes information on use of land in the 

markets assessed, including forest and plantation area. In order to assess the 

emissions resulting from LUC, information on the various biomes of the world 

as well as the carbon contained in these should also be known4. 

The data was gathered from a number of different sources: 

› Eurostat: contains information on EU imports, exports, production, and forest 

area, among other information. 

› UN COMTRADE: Contains information on global trade of wood products. 

› International Trade Administration, US Bureau of Commerce (export.gov) 

(US): Contains information on US production, export and import of wood 

biomass resources (lumber, pellets, etc.) 

› Statistics Denmark: Contains information on import, export, production, and 

use of wood resources and wood bioenergy (pellets, chips, etc.) among other 

information, solely in a Danish context. 

› Food and Agricultural Organization of the United Nations (FAO): Contains 

information on emissions from land use, as well as general data sets on food 

production, agricultural area, and other information related to food production 

and consumption. 

› Biomass Magazine: Biomass Magazine keep a list of North American pellet 

plants, and this source was consulted for information on current and future 

pellet production facilities. 

› Data on the four topics was also found in scientific articles, Interest group 

publications and government (regional, national and supranational) material 

and publications, as well as publications by consultancies and other experts. 

 

  

                                                      
4 Emissions data can indirectly be taken from Biograce, as the tool to calculate LUC (DLUC) provides 

options for selecting region, soil type, vegetation, and carbon stock in soil. The values used in Biograce 

stem from the Commission Decision of 10 June 2010 on guidelines for the calculation of land use 

carbon stocks for the purpose of Annex V of Directive 2009/28/EC (2010/335/EU). In order to comply 

with RED, calculations on ILUC should be performed using these values. It should be noted that 

Winrock International and Woods Hole Research Center also host databases, which could be used to 

gather information on carbon emissions as a result of LUC. These were not explicitly consulted, but the 

possibility of employing information from these sources is noted. 
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5 Production, trade and consumption of wood pellets 

This chapter sets the scene for the assessment of indirect effects in the following 

chapter by providing information on the wood pellet supply chain and the total GHG 

emissions benefits resulting from the use of wood pellets (not accounting for 

indirect effects.) This is followed by data and information on global production, 

consumption and trade of wood pellets and other wood products, and the chapter 

ends with two sections containing information on EU and US production, trade and 

consumption, respectively. 

5.1 Wood Pellets 

The forest products industry produce a range of products, such as sawlogs, 

oriented strand boards (OSB), pallets and other agglomerated products, pulp and 

paper, and wood pellets and other fuels. Simplified supply chains for a range of 

these products are shown in Figure 6 below. As can be seen, wood pellet is just 

one among a range of products, and can be produced using a number of 

feedstocks. However, wood pellet supply chains can be significantly more complex 

than what is depicted below, and involve the use of numerous raw materials (e.g. 

forest residues, wood industry residues, waste wood, Roundwood) for production, 

and involve several actors (i.e. numerous traders, land owners, and industries) 

(Kittler et al., 2012; Ehrig et al. 2014).  

 

Figure 6. Classification of woody biomass. The illustration shows the many uses of wood for 

products and the potential feedstocks for wood pellets. Source: Alakangas 

(2011). 
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While timber or sawlogs is derived only from straight, mature tress (see Figure 7) at 

the end of the harvest cycle, pulpwood and other Roundwood is made available in 

several stages throughout the lifetime of a forest stand, as illustrated in Figure 8. 

The raw material harvested differ at each stage with the final stages producing saw 

logs, and Roundwood and smaller whole trees (e.g. for whole tree chipping or in-

forest chipping) available through several stages. In general, when this paper 

refers to various raw materials, such as Roundwood, sawlogs, forest residues, and 

wood industry residues, the definition of these products given in Figure 8 and 

Figure 9 are used. In relation to the indirect effects described in Section 3.2 and 

assessed in the coming chapter (Chapter 6), ILUC concerns the first stage, IWUC 

concerns the use of (primarily) small Roundwood in the intermediate and final 

stages, while IFMC, inter alia, concerns the type of, frequency and amount of 

harvest conducted in the various stages after establishment. 

 

Figure 7. A graphical representation of the various raw material components of a tree. Source: 

Kinney (2013). 
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Figure 8. Illustration of typical management interventions during stages in the cyclical 

management of a forest stand. The figure is included to show the potential 

stages in forest management in which material for wood pellet production could 

be acquired. Sawlogs would typically not be utilized for wood production (due to 

price constraints), while the remaining materials could be used as raw material 

input. Source: Matthews et al. (2014). 
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Wood pellets and wood chips are the most commonly used fuel in biomass power 

plants, and both softwood (e.g. pine) and hardwood (e.g. Eucalyptus, birch) wood 

species can serve as input material for wood pellet production (Goetzl, 2015). 

Wood pellets have historically been produced from sawdust, shavings, forest 

residues and other residues of low economic value in the forest products industry, 

but can also be produced from Roundwood (Hansson et al., 2015). Although wood 

pellets are more costly than unprocessed wood, their higher energy density and 

consistency (in size and shape) (NREL, 2013; Goetzl, 2015), as well as the fact 

that they can be transported easily in conventional bulk carriers and burned without 

major modifications to power plants (Miner et al., 2014), have made pellets more 

favourable for large-scale utilization and trade. Figure 9 below illustrate the 

potential use of raw material for various products, including pellets, and is referred 

to in the assessment concerning substitution effects when a raw material shifts 

from one use to another. 

 

 

Figure 9. Simplified illustration of how different types of wood raw material can be utilized for 

various wood products (and potentially reused at end-of-life). The definition of 

raw materials and products generally follow this figure. Source: Matthews et al. 

(2014). 
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5.2 Data on Production, trade and consumption of wood 
pellets 

Historically, the market for biomass pellets has been driven by the demand for 

higher-value wood products, such as lumber, with biomass pellets being just one of 

many options for the utilization of residues, the others being medium-density 

fibreboards and pulp (NREL, 2013; Ehrig et al., 2014). Wood pellets have thus 

been viewed as a beneficial way to utilize forest industry waste and other low-value 

products for energy production. However, as a result of political support, the 

consumption, production – and lately, trade – in wood biomass pellets has 

markedly increased in the past decade, as pellets are being utilized by the energy 

sector to generate electricity, heat, or combined heat and power (CHP) (Goetzl, 

2015). 

The wood pellet market is divided between residential and industrial sectors, and 

especially the industrial sector market has seen noticeable growth in production 

and trade in the past five years (Eurostat, 2015; UNCOMTRADE, 2015; FAO, 

2015). Presumably this change in demand can be attributed to policies (e.g. RED, 

the UK Renewable Obligation), as utilities to some extent depend on political and 

economic incentives for wood pellets to present a viable business case. 

Lamers et al. (2012) noted in their paper a couple of years back that pellets would 

become “the next global commodity” (p. 3177); recent data indicate that they were 

right (Goetzl, 2015; FAOSTAT, 2015). World pellet production has increased 

rapidly from 2 Mt in 2001 to 10 Mt in 2007 (Lamers et al., 2012) to some 26 Mt in 

2014, up from 20 Mt in 2012 (FAOSTAT, 2015) (see also Figure 10), with 

production almost exclusively taking place in Europe and North America 

(FAOSTAT, 2015). Production capacity is somewhat higher, having increased to 

~40 Mt in 2012, up from ~28 Mt in 2010 (Iriarte et al., 2014). 

 

Figure 10. Production of wood pellets, 6 main regions of the world. Data from FAOSTAT. 

Although international trade is growing (UNCOMTRADE, 2015), intra-EU trade still 

account for about half the global trade in wood pellets (Goetzl, 2015; NREL, 2013). 

While many countries have renewable energy policies, which favour the use of 

biomass, the biggest demand comes from EU countries, who are also among the 
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top importing countries (see Figure 11). However, besides the EU, Korea and 

Japan have also implemented policies that favour the use of wood pellets, and are 

increasing their use – and import – of wood pellets, especially from Canada, 

Southeast Asia and, to a lesser extent, the US. For instance, Goetzl (2015) report 

that Korea has "entered into agreements with concessioners in Indonesia to 

produce wood pellets for export." Similar to EU, Korea expect 20% renewable 

energy by 2020, and Cocchi et al. (2011) project that this will lead to a biomass 

demand of 15 Mt by 2020. 

 

Figure 11. Import of wood pellets (globally). Countries with an import greater than 500.000 tonnes 

(0.5 Mt) in 2014 are named; the remaining countries are grouped in "Rest of the 

World." Data from UN COMTRADE HS 4401.31. 

Production of wood pellets mainly take place in the EU (especially Germany, the 

Baltics and Sweden), Russia, the United States, and Canada (Goetzl, 2015; 

FAOSTAT, 2015), who are also among the top exporting countries. However, in 

recent years, the US has emerged as the principal exporting nation, shipping 

mainly to EU, and especially so, the UK (see Figure 12) (UN COMTRADE, 2015; 

FAOSTAT, 2015; FAO, 2015). 

 

Figure 12. Export of wood pellets (2012-2014). Countries with an export greater than 500.000 

tonnes (0.5 Mtonnes) in 2014 are named; the remaining countries are grouped in 

"Rest of the World." Data from UN COMTRADE HS 4401.31. 
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Projections for future growth scenarios vary, ranging from the conservative already 

surpassed (20 Mt in 2020 (quoted in Cocchi, 2011)) to the more optimistic: Pöyry 

Management Consulting (2015) estimate total world consumption at 59 Mt in 2020 

(up from their estimate of 45 Mt by 2020 published in 2011), while AEBIOM, the EU 

biomass association, estimate up to 80 Mt by 2020 (quoted in Cocchi, 2011).  

Projections agree about the spatial location, however, with Europe and Asia seeing 

the largest absolute growth towards 2020 (Goh et al., 2013; Pöyry Management 

Consulting, 2015 – see Figure 13). Goh et al. (2013) expect that the main 

challenge will be securing raw materials, as the "resources will become 

increasingly scarce." While China has not yet entered the market for good, this is 

expected to change towards 2020 with demand increasing by 7 Mt (using Pöyry 

figures), which is about half of world export in 2014. However, forest area has 

increased in China in the past decades, and some of this demand could potentially 

be met using domestic resources.  

According to IEA (Cocchi et al., 2011) international trade in wood pellets by 2020 

could be between 16 to 33 Mt, while Junginger et al. (2014) expect EU import 

(which account for most demand for pellets traded globally) to total 15-20 Mt by 

2020. 

 

Figure 13. Market outlook for 2020. Map and data courtesy of Pöyry Management Consulting 

(2015). 

5.3 Data on EU production, import and consumption 

The EU plays an important part in the consumption of wood pellets and other wood 

resources, and consumption of woody biomass in the EU has more than doubled 

from 1.6 EJ in 1990 to 3.8 EJ in 2013. Despite this increase, the percentage of 

renewables coming from solid biomass have steadily decreased since 1990, from 

56% in 1990 to 54% in 2000 and 46% in 2013 (Eurostat data) (see Figure 14). The 
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relative decline in the amount of wood in the renewable energy mix is due to rapid 

increase in other renewable energies such as wind and solar.  

 

Figure 14. Consumption of renewable energy from solid biomass (EJ) in EU28 (columns), and the 

percentage of all renewable energy covered by solid biomass (line). Source: 

Eurostat (nrg_107a). 

Due to growth in solid biomass, other biomass (e.g. waste), as well as the even 

faster growth in other renewables, such as wind and solar, the consumption of 

renewable energy in the EU over the past decade has increased steadily (Figure 

15). Notice that solid biomass (Figure 14 above) contributes part of the category 

'Biomass and renewable wastes' and does not have a separate category in Figure 

15. 

 

Figure 15. Consumption in the EU of renewable energy (EJ) by type. Source: Eurostat 

(nrg_107a). 
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Historically, EU MS have relied on domestic markets and the EU internal market for 

biomass pellets, and approximately half of the international trade in biomass pellets 

still takes place here (Lamers et al., 2012; Goetzl, 2015). However, since the 

introduction of RED and publication of NREAPs (EC, 2015a), total consumption of 

wood pellets in the EU have increased roughly fivefold from just under 5 Mt to 

almost 24 Mt (Eurostat 2015 data, dataset nrg_107a) (see Figure 16). Pellets are 

mainly consumed by UK, Denmark, Netherlands, Belgium, Italy, and Sweden. 

Because of the large growth in demand, local and internal EU markets no longer 

suffice, and biomass pellets are increasingly traded internationally, with imports 

increasing 364% since 2009. Some EU countries have also seen increased import 

from developing countries, e.g. Vattenfall reportedly imported rubberwood chips 

from Liberia (Junginger et al., 2014). 

 

Figure 16. Consumption (production plus import minus export) of wood pellets in the EEA. 

Source: Eurostat (2015). Seven largest consumers have been named; the rest is 

grouped in "Rest of EEA." 

 

Despite recent increase in US production, the EU is still the largest producer of 

wood pellets with an estimated production of 13.3 Mt in 2015, up 97% since 2009 

(UNECE & FAO, 2015; Eurostat, 2015), with Germany, Sweden, and Latvia as the 

largest producers. The total manufacturing capacity is somewhat higher, estimated 

to be 16.4 Mt for the entire EU (UNECE & FAO, 2015). This corresponds to a 

utilization rate of 81%. Notice that average EU utilization rate was 54% in 2008 

(Sikkema et al., 2011). 

Woody biomass is expected to play a significant role in meeting EU renewable 

energy targets (Sikkema et al., 2011), contributing 80% and 20% of the heating 

and cooling, and electric power, respectively (Goetzl, 2015, p. 10). A large portion 

of this is projected to be obtained from wood pellets. Pöyry Management 

Consulting (2015) assume EU consumption at 37 Mt in 2020 (corrected upwards 

from a projection of 23.8 Mt by 2020 published in 2011) (quoted in Cocchi et al., 

2011), while IEA task 40 on bioenergy trade (Cocchi et al., 2011) assume EU 

consumption of 35 Mt by 2020. Overall, projections for EU consumption range from 
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20 Mt to 50 Mt by 2020, while the technically obtainable demand (in theory) is 150 

Mt by 2020 (Sikkema et al. quoted in Cocchi et al., 2011). 

According to the figures published in NREAPs, EU demand for solid biomass will 

continue to grow, with solid biomass demand for gross electricity production 

standing at 83 Mega tonne oil equivalent (Mtoe) by 2020, or 3.8 EJ (ECN, 2015). 

Some of this would come from residues, wood chips, and other biomass sources, 

but wood pellet consumption will likely increase towards 2020 to meet this demand, 

meaning that imports most likely will increase as well. 

Taking NREAPs and previous consumption figures as a starting point, a calculation 

of future wood pellet demand based on projections can be made (See Appendix 

A). In 2010, about 10% of total solid biomass consumption in the EU came from 

wood pellets (about 10 Mt wood pellets out of a total demand of 2.4 EJ solid 

biomass for gross electricity generation). In 2014, the number has risen to 16% (24 

Mt wood pellets out of a total solid biomass demand for gross electricity generation 

of 2.6 EJ; converting from kilo tonne oil equivalent (ktoe) to GJ to EJ)5. Assuming 

the percentage of solid biomass remains 16%, total pellet demand in 2020 

(according to forecasted demand for solid biomass in NREAPs) will be 31 Mt, 

slightly below the projection from Pöyry of 35 Mt. If the percentage of solid biomass 

coming from wood pellets increase with the same rates as in the past 4 years (from 

2010-2014), the percentage of solid biomass coming from pellets will increase to 

25-30% of total solid biomass demand, bringing total wood pellet demand in the 

range of 48-58 Mt by 2020. This is similar to the more optimistic estimates 

presented by e.g. AEBIOM, the European Biomass Association (as cited in Cocchi 

et al., 2011). These calculations are based on reported NREAP data from ECN 

(2015) and does not represent actual consumption, but given that countries report 

how they expect to meet their renewable energy obligation, they are a reasonable 

source. 

Increasing demand for wood pellets will predictably lead to increased trade, as 

domestic supply falls short of demand. Already some markets in EU, e.g. the 

Danish and British, are heavily dependent on imports, as demand is several times 

larger than domestic production. Danish figures are shown in Figure 17 below, as 

Denmark have data on pellet production, import and consumption dating further 

back than e.g. Eurostat, allowing for a longer-term view of wood pellet trends. As 

can be seen from the figure, Denmark have opted for imports to fulfil the demand 

gap, as production has barely changed from 2000 to 2013, while import have 

increased tenfold. 

                                                      
5 Note that these numbers stem from the NREAP database, not from the Eurostat database (presented 

earlier) and that these two sources are not in agreement, as they concern different values. One concern 

all solid biomass use (Eurostat) while the other concerns use of solid biomass for electricity and heat 

generation. The Eurostat data present actual consumption, while NREAP present projections. It is 

unclear whether definitions of solid biomass differ between the two sources. 
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Figure 17. Import, production and consumption of wood pellets in Denmark, 2000-2013. Source: 

Danmarks Statistik (2015). 

For countries to increase consumption without drastically increased imports, local 

production must increase. Most pellets are not fully utilized in the EU; achieving full 

utilization would add another 3 Mt to the production. This means that EU will be 

dependent on imports for the remainder of its (projected) consumption growth. 

Cocchi et al. (2011) estimate the wood pellet resource available for EU import by 

2020 at 280 PJ (or about 16 Mt wood pellets). This would bring total wood pellet 

resource available for consumption in EU by 2020 to roughly 33 Mt, slightly below 

the most cited estimate of 35 Mt (Cocchi et al., 2011) and slightly above the low 

figure estimated in this paper using NREAPs (31 Mt by 2020). A high import 

scenario of 600 PJ (or 34.4 Mt wood pellets) by 2020 was also considered by 

Cocchi et al. (2011); this would put total resource just over 50 Mt, in line with the 

upper projections in this paper using NREAPs and the higher estimates in Cocchi 

et al. (2011). Achieving imports of this size would reportedly require investments in 

pellet plants, as well as strong growth in short-rotation forestry (SRF) and energy 

plantations in South America and West Africa, and mobilization of the Russian 

wood resource (Cocchi et al., 2011). 

 

5.4 Data on US production, export and consumption 

The south-eastern region of the US (the "Southeast") has emerged as a large 

producer of wood pellets in the past 3-4 years in response to EU demand 

(incentivized through RED (Abt et al., 2014)). Although the domestic market is 

growing, most pellets are bound for exports, with wood pellets now being the third 

largest wood product export from the US Southeast after softwood and hardwood 

lumber (Goetzl, 2015). So great is the influence of EU RED and related national 

renewable energy policies that the US International Trade Administration 

acknowledged that "without government incentives […] there is no export market 

for wood pellets" (ITA, 2015, p. 6).  

Total US production capacity has ballooned from an estimated 0.55 Mt in 2003 to a 

reported 11.4 Mt in December 2015 (see also Table 1). However, actual production 

is significantly lower, around 1.8 Mt in 2008 (Spelter & Toth, 2009; Jackson et al., 

2010), which was 66% of capacity (Sikkema et al., 2011), and 6.9 Mt in 2014 

(UNECE & FAO, 2015). 98% of US exports in 2012-14 were to EU; the five largest 
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importers of wood pellets from the US by weight are the UK, Belgium, Netherlands 

(Abt, Abt, Galik & Skog, 2014). 

New facilities have mainly been located in the Southeast forest market, where 

pellet plants could take advantage of existing infrastructure from the existing wood 

products industry (e.g. lumber, pulp and paper) and the port facilities. As can be 

seen from Figure 18, pellet plants are concentrated in the eastern part of North 

America, especially so in the South, where about 50 plants are located. 

 

Figure 18. Map of North American Wood Pellet Plants. Blue circles denote <10 plants in the 

region, while yellow circle denote >10 plants in the location. Figure based on 

map courtesy of Biomass Magazine (2015). Slightly over 50 plants are located in 

the US Southeast region. 

Current installed capacity in the US amounts to 11.4 Mt, with another 1.8 Mt under 

construction and 5.3 Mt proposed (see Table 1). Should these plants all come to 

fruition, this would amount to a total capacity of 18.2 Mt (Biomass Magazine, data 

accessed 9 December 2015). These figures are somewhat above those quoted by 

Iriarte et al. (2014), who assume total production capacity of about 21 Mt by 2020; 

if growth continues at the same speed as in the past decade, this number could be 

reached as early as 2017, depending of course on how fast proposed plants are 

realized. 

Table 1. Wood pellets plants operational, under construction or proposed in the US. Data from 

December 2015. Source: Biomass Magazine (9 December 2015). 

Wood pellet plants Number Production capacity 

Short tons (metric tonnes) 

Operational 148 12,623,670 (11,452,001) 

Under construction 12 2,022,250 (1,834,554) 

Proposed 21 5,818,229 (5,278,208)  

All pellet plants (Operating/under construction/proposed) 181 20,035,420 (18,175,827) 



 

 

  

   

THE INDIRECT GREENHOUSE GAS EFFECTS OF WOOD PELLET CONSUMPTION FOR ENERGY GENERATION  37  

Simon Laursen Bager, tch167  

Assuming a utilization rate of 66% (as was done by Spelter & Toth, 2009), total 

production if all plants currently operational, under construction or proposed are 

built is 12 Mt per year. Assuming utilization rates similar to EU plants (81%) brings 

this figure to 14.7 Mt per year, slightly below the lower estimate of EU import needs 

by 2020 (own calculations based on figures in Table 1), while full utilization (18.2 

Mt) would be able to meet about 55% of the high import scenario (of 34 Mt by 

2020). The assumption of production at utilization rates similar to that in EU align 

with the projections for future US Southeast pellet production given by 

Forest2Market, an industry consultancy (Greene (2015), see Figure 19). 

 

Figure 19. US Southeast pellet production actual (2008-2014) and project (2015-2019). Source: 

Greene (2015). 

The increase in production goes to show that the industry expect EU imports to 

increase, and continue to stay at a higher-than-current level (otherwise these 

investments would not have been made). However, it also indicate that unless 

even more plants are built in the US, the import requirements of the EU in the high 

import scenario (and the higher result in the NREAP calculations) cannot be met by 

US import alone, and that potentially import from other areas (Russia, South 

America) will be needed.  

 

5.5 Life-cycle assessment of GHG emissions from wood 
pellets 

As the benefit of wood pellet substitution for energy generation depends on the life-

cycle GHG emissions of the pellets compared to the fossil fuel replaced (e.g. gas, 

oil, coal), several studies have assessed the GHG emissions of wood pellets and 

fossil fuels to determine this. LCA is often used to do this, as is tools such as 

Biograce II. In general, researchers have found that wood pellets for heat and/or 

electricity generation produced in e.g. the US and shipped to Europe achieve 

electricity reductions above 60% if average fossil energy production is assumed 

substituted (e.g. Hansson et al., 2015; Wang et al., 2015). The benefit is higher if 

coal is assumed substituted (Dwivedi et al., 2014), as combustion of coal lead to 

significantly more GHG released per unit of energy.  
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The reported benefits depend, naturally, on several aspects in the supply chain, 

including how pellets are produced, as well as the temporal and spatial scale of the 

analysis, baseline conditions, and, as is particularly relevant with regards to this 

thesis, the source of wood feedstock and the fossil fuel assumed replaced (Nepal 

& Skog, 2014). Furthermore, with regards to DLUC and ILUC, the timeframe (e.g. 

20 years as in the EU policy context (RED), 30 years in the US policy context) over 

which these emissions are allocated also matter a great deal. The reported GHG 

benefits in the studies are without including indirect effects of any kind, which are 

not taken into account in most LCAs. 

In a study looking at 930 different scenarios for wood pellet consumption for energy 

generation and taking into account feedstock, rotation length, power plant size, 

etc., Dwivedi et al. (2014) found that emissions from wood pellets are 50-68% 

lower than fossil fuel reference. Wang et al. (2015) find emissions ranging from 44-

78 gCO2 MJ−1. This equate to a reduction of just under 60% for electricity 

production for the higher scenario (fossil reference at 186 gCO2 MJ−1) and a slight 

reduction of 2% for heat production only (fossil reference 80 gCO2 MJ−1) using 

values reported in Biograce II. (In their study, coal is used as fossil reference, 

which at 299 gCO2 MJ−1 has a carbon footprint about 60% higher than the average 

electricity mix, as used in Biograce II, making the calculations appear more 

favourable). Looking at a number of other studies, Hansson et al. (2015) note a 

GHG emission reduction of 50-92% (using an emission factor of 198 g CO2e) of 

using wood pellets for electricity consumption in different value chains. They further 

note that the emission benefit depends on the size and efficiency of the plant, with 

larger more efficient plants achieving higher reduction in total GHG emissions.  

Only one study that try to quantify the indirect effects of wood pellet demand was 

found. In the study, Wang et al. (2015) finds the "indirect market and land use 

effects induced by changes in prices of forest and agricultural products over the 

2007–2032 period" to amount to 19.9 g CO2 MJ−1. Adding the indirect factor to the 

value reported in Wang et al. (2015), but using Biograce II fossil reference values, 

reduces the GHG benefit to 47% for electricity generation and lead to higher 

emissions for heat production. 

Thus, using the accounting framework currently available, not accounting for 

indirect effects, and assuming replacement of the average electricity production, 

the benefit of using wood pellets presumably amount to around 60% reduction in 

GHG emissions. The following section will assess whether the indirect effects 

presented can change this. 
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6 Assessment of indirect effects 

Leading on from the assessment of changes in supply and demand within certain 

regions, the following section provides a qualitative assessment of the current and 

potential indirect effects following from production and consumption of wood 

pellets, now and towards 2020. Where possible, quantitative estimates are added 

to support the qualitative assessment. 

Analysis of biofuel production (e.g. Fargione 2008, Plevin et al., 2010; Broch et al., 

2013; Humpenöder et al., 2011) has revealed that once ILUC is taken into account, 

total life-cycle GHG emissions from biomass for energy could be significant, 

possibly surpassing those of fossil fuels. In an expert consultation hosted by the 

EC, it was agreed that “there is strong evidence that the ILUC effect is significant” 

(Marelli et al., 2010). However, the impact of ILUC on wood pellet production have 

so far received limited attention. Perhaps this is because food is not directly used 

for wood pellet production, as is the case with maize and rapeseed for biofuels, 

and thus less politically sensitive, but perhaps also because the forestry sector has 

foremost been seen in the context of biomass provision for other industrial and 

economic uses (IEA, 2012). 

Although no studies on indirect effects of wood pellet consumption have been 

conducted, studies on ILUC of biofuels (e.g. Searchinger et al., 2008; Fargione 

2008, Plevin et al., 2010; Broch et al., 2013; Humpenöder et al., 2011); on the 

market effect of wood pellet demand (e.g. Abt, Abt & Galik, 2012; Galik & Abt, 

2015; Sedjo & Sohngen, 2013; Abt et al., 2014); and on the dynamics within the 

wood industry production sector (e.g. Graudal et al., 2013; Matthews et al., 2014) 

and wood for energy supply chain (e.g. Lamers et al., 2012; Goetzl et al., 2015) 

have been conducted. These studies indicate that indirect effects of wood pellet 

consumption also exist, but no studies estimate or assess these. That ILUC effects 

exist for solid biomass production is indisputable; using land for bioenergy 

plantations comes at the cost of not using it for food production (Searchinger & 

Heimlich, 2015) and in general, wood energy plantations carry the same risk of 

ILUC as other bioenergy feedstock, such as maize (IEA, 2012), though not 

necessarily to the same extent. The following section documents and assesses, 

and to the extent possible quantifies, the indirect land use, wood use and forest 

management effects of wood pellet production and consumption. 

6.1 Effects of ILUC 

As demand for wood pellets increase, new sources of supply will have to be 

developed, with some of this arguably coming from newly established plantations. 

In theory, the plantations could be established on four land use types: forestland, 

agricultural land, other natural areas, and degraded land. If these plantations are 

established on agricultural land, the productive capacity lost will, ceteris paribus, 

have to be established somewhere else. This is the first indirect effect assessed: 

› Demand for wood energy can induce conversion of other land uses to 

plantation; the areas lost can be displaced to other areas, leading to LUC, 

which is indirectly the effect of wood energy demand. 



 

 

   

  

 40  UNINTENDED OR UNANTICIPATED CONSEQUENCES? 

 C:\Users\SLBA\Documents\Privat\Speciale\Paper_final.docx 

While the shift from crop and pastureland to plantations could benefit carbon 

storage locally, ILUC caused by shifting production of the food previously grown on 

that land to other areas would reduce the total carbon benefit of establishing the 

forest. It is generally acknowledged that use of wood bioenergy can result in DLUC 

and increasingly acknowledged that also ILUC is caused (e.g. Agostini et al., 

2013). Nepal & Skog (2014) boldly state that "there is general consensus that 

expanded woody bioenergy use can result in both direct and indirect LUC," a claim, 

which given the lack of ILUC considerations in many research papers on woody 

biomass seem slightly premature.  

Depending on the area lost, the area change might not be 1:1 – if good agricultural 

land is lost, it could take several hectares elsewhere to replace the lost production 

of one hectare; if marginal agricultural land is lost, less than one hectare per 

hectare lost might be required. Therefore, the type (and thus the location) of the 

agricultural area lost greatly matter in terms of induced expansion. As explained in 

the section on ILUC (Section 3.2.1), the change in consumption and intensification 

of remaining areas also influence the amount of land needed elsewhere when one 

hectare of agricultural land is lost. Using a deterministic model, XXX estimated that 

for each hectare lost globally, 0.36 ha of ILUC took place elsewhere. While this is 

not necessarily an accurate number, the study provides an indication of the 

potential scale of LUC induced by loss of agricultural land. 

Establishing plantations 

Private land-owners, of which there are many in e.g. EU and the US Southeast 

(Abt, Abt, Galik & Skog, 2014) respond (to some extent) to market signals, 

meaning that they will use land in a way which optimises the utility of the individual 

owner, while taking into account other aspects such as amenity values, aesthetics 

and environmental considerations (Rodríguez-Vicente & Marey-Pérez, 2009; Butler 

& Lantiainen, 2014). Rodden (2011) assumes that in Europe, owners of agricultural 

land will develop plantations to meet increased demand for wood products. This 

seems likely, given that much agricultural land has been taken out of production 

within the EU over the past decades and incentives for afforestation exist. Thus, on 

the one hand, by increasing biomass demand, wood pellets could help maintain 

forest area by providing a reliable income stream, and perhaps prevent the 

conversion of forests into other land uses. On the other hand, wood pellet demand 

could encourage increased output from land e.g. by converting forested land to 

plantation or through afforestation on agricultural land, which could shift production, 

causing ILUC (Iriarte et al., 2014).  

Forest and plantation expansion  

The increase in forest area/plantations could be near sources of demand (i.e. in 

Europe) or in locations further away (i.e. North America or developing countries) 

provided shipping and handling opportunities exist. While most of the production 

(and growth in production) of wood pellets take place within the EU and North 

America, FAOSTAT-data indicate that growth in other wood products take place 

outside the EU, where production can be realised at the lowest cost. For instance, 

production of pulp and paper increasingly takes place on short-rotation forestry 

(SRF) plantations established in developing countries, sometimes converting 

natural forest (Agostini et al., 2013; Cocchi et al., 2011). 
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In similar fashion, Agostini et al. (2013) report that several studies expect that in 

response to demand for wood energy, SRF will increase in the countries were 

plantations producing material for wood pulp are currently located. Contrary to this, 

Iriarte et al. (2014) expect that demand for wood pellets will not "greatly impact on 

land use changes." However, they do state that development of wood energy 

markets, e.g. wood pellets, could promote "the afforestation of pasture or 

agricultural lands for the promotion of bioenergy." In its assessment of the Europe's 

forests, UNECE & FAO (2015) acknowledged that SRF could "reduce the harvest 

pressure for wood" from the regions forests, but that "trade-offs caused by land 

competition with food crops must be evaluated." In other words, that potential ILUC 

effects should be taken into account. 

If expansion of pulp plantations provide any indication of location of wood energy 

plantations, this would mean that South America (especially Brazil and Uruguay) 

and Africa (especially Western Africa and Mozambique) would see expansion of 

wood energy plantations (Goh et al., 2013). The most commonly grown SRF 

species is eucalyptus; of which more than 10 Mha exist worldwide, mostly in China, 

South Africa, Chile, Portugal, Brazil and India (Upham et al., 2011). While the 

biomass is currently used for wood pulp production, these could in theory provide 

input for wood pellets. For instance, Junginger et al. (2014) report that a subsidiary 

of a Brazilian paper giant have disclosed investment plans to produce 3 Mt of 

pellets for the EU market from SRF. 

The productive cropland potentially lost to wood pellet plantations and other 

afforestation activities in EU and North America will most likely be replaced by 

cropland in frontier agricultural areas, such as Brazil, where it will replace carbon-

rich ecosystems, such as rainforest; this biome was the source of 55% of all LUC in 

the past decades (Gibbs et al., 2010). Marginal areas for agricultural land 

expansion include South America, e.g. Brazil and Uruguay, Africa (especially 

looking ahead) and South East Asia (Gibbs et al., 2010; Geist & Lambin, 2002).  

Netherlands Environmental Assessment Agency (PBL), in an assessment on "The 

climate effect of wood used for bioenergy" (Ros et al., 2013), concedes that the 

knowledge on the indirect effect(s) of establishing plantations is still relatively 

limited (Ros et al., 2013), warranting further research, but that effects are likely 

similar to those of establishing areas for energy crops. 

6.1.1 Case evidence: US Southeast 

Forestland in the US is predominantly privately owned; especially so in the 

Southeast where more than 80% is private owned (Butler & Lantiainen, 2014), and 

the response of these owners, as well as response from other lands owners (of 

e.g. agricultural land) will to a large extent determine the plantation response, and 

thus any ILUC effects observed in the area. Skog et al. (2014) assume that 

increased demand for woody biomass for energy will induce landowners to 

increase planting and to keep forests. 

In the US, pine plantation area has grown significantly throughout the 20th century, 

often replacing natural pine forests, though some of the planting also took place on 

agricultural land. Increase in production of wood pellets is expected lead to 

establishing plantations converting both forests (pine and hardwood) and 
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agricultural land (Wear & Greis, 2013). However, if high agricultural prices (due to 

e.g. US and EU biofuels policies and increasing food demand) as well as high 

pulpwood prices become the new normal, this could result in less conversion of 

agricultural land to plantations and more natural forest being converted. Goerndt et 

al. (2014) report that SRF plantations are mostly converted from agricultural land 

and marginal land, but does not give an indication of the split between the two. 

By 2060, total expansion of plantation area could be up to 11 Mha (Wear & Greis, 

2013). While natural forests might be lost as a result of bioenergy demand, total 

US forest area could grow by 4-10 Mha by 2030 (Daigneault et al., 2012 in Miner et 

al., 2014), mostly due to plantation expansion. Currently plantations in US 

Southeast account for 20% of the forest area (Weir & Greis, 2013) (a figure of 24% 

is quoted in Goerndt et al., 2014), but Wear & Greis (2013) expect pine plantations 

to account for 24-36% by 2060, mostly replacing natural pine forest. However, in a 

projection of future demand scenarios, Abt, Abt, Galik & Skog (2014) found that 

forest areas would increase with plantations established on marginal agricultural 

land, in response to increasing demand for wood pellets, making up about 34% of 

forest area by 2030. However, they note that marginal agriculture and pine 

plantation historically compete for land in the area, meaning that the planting 

response on agricultural land will be highly dependent on agricultural prices. 

The amount of biomass available for wood pellet from plantations is influenced by 

forest management aspects such as thinning intensity and rotation length, but also 

market factors such as demand for timber and competing use of feedstock (an 

issue which is touched upon in the following sections (Section 6.2 and 6.3)). While 

many factors affect the location of plantations, among these the incentives and 

wishes of the forest owners, colocation of plantations and wood pellet plants is 

becoming increasingly common (see also Figure 20). Besides locating in areas 

with plantations, infrastructural aspects such as harbours and railways are 

important determinants for pellet location (Goerndt et al., 2014), the former 

indicating that plants are built to serve export needs. With mill and forest residues 

being low-value products, transportation distance becomes important, and plants 

will thus be located where sufficient residues can be sourced and transported 

(Iriarte et al., 2014), and one could therefore expect demand to be much greater in 

some areas than in other, meaning that pressure to establish plantations will also 

be greater in these areas. 

Further to this analysis, competition for location can become even more severe, as 

location close to deep-water harbours with facilities able to handle bulk goods is 

needed; these only exist in a number of locations across the US Southeast. As the 

pulp and paper market exported overseas in the 1960's and 1970's, the pulp and 

paper mills are located in the same wood baskets (Stewart, 2011). 
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Figure 20. Total forest plantation area by State and location of wood pellet facilities. Source: 

Goerndt et al., 2014, p. 107. 

  

6.2 Effects of IWUC – use of mill residues 

The first non-ILUC indirect effect discussed is the displacement of raw material. 

Wood pellet production require raw material, and in principle, wood pellets are 

produced from saw dust and residues from sawmill and forestry operations, 

competing with e.g. pulp, fibre boards and other products produced from the same 

raw material source. Theoretically, if production of pellets push production of other 

wood products using the same raw material out of the market and into another 

market or if production of wood pellets take place using raw material which is 

suitable for other products (e.g. Roundwood) (discussed in the following section 

6.3), indirect effects could arise. This IWUC effect can be understood thusly:  

› Wood pellet production displace other products that require the same raw 

material (i.e. raw material is used to produce wood pellets instead of 

fibreboards). Ceteris paribus, the feedstock for the displaced products will 

then have to be produced somewhere else, which could affect total GHG 

emissions. 

Following the global economic recession of 2008-2009, demand for wood products, 

along with demand for almost all global commodities, declined. In this regard, it 

could be argued that increasing wood pellet demand in that period constituted a 

viable way of utilizing a relative surplus in wood production. However, in its recent 

statistics of forestry, FAO (2015) revealed that forest production has recovered 

from the recession, and “globally, production of all major products (industrial 

Roundwood, sawn wood, wood-based panels, pulp and paper) has been gradually 

recovering in 2010–2014,” with production in 2014 being higher than the pre-

recession 2007 output for all product groups (FAO, 2015). Production of products 

utilizing the same raw material as wood pellets (i.e. wood-based panels (WBP) (up 
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6% in 2014), pulp and paper (up 1% annually since 2010)) also grew; notably 

outside of those markets producing wood pellets. WBP grew in all regions of the 

world, while paper production stagnated in Europe and fell in North America, but 

grew in all other regions, with South America increasing its woodpulp production so 

that it now accounts for 70% of global exports (FAO, 2015) (although North 

America still produces the largest amount of pulp for paper, see Figure 21.) 

 

Figure 21. Production of pulp for paper. As can be seen from the numbers, production in Northern 

America is declining, while production in South America is increasing. 

 

Price effects 

Increased demand for wood pellets, as evidenced by the increase in consumption 

by EU (and increasingly Asia), as well as future projections for consumption, 

indicate an overall increase in biomass consumption (Iriarte et al., 2014). Increased 

demand usually push up prices if supply cannot be increased at the same speed. 

Therefore, assuming total mill residue supply is lower than the combined demands 

of bioenergy (e.g. wood pellets) and other residue-using sectors, prices will 

increase, and competition for resources ensue. This leads to displacement of 

residues from existing (e.g. pulp) to new (e.g. wood pellet) users (Galik et al., 

2015). Along these lines, Sedjo & Sohngen (2013) note that the increase in corn 

demand in US for energy production due to policy changes illustrate that new 

demand for raw materials typically used by other sectors can lead to unintended 

consequences, such as price increases and market disruptions. According to 

Röder et al. (2015), raw material price (for e.g. wood pellet production) has shot up 

by 40% due to shortages; however, Iriarte et al. (2014) argue that this is unlikely to 

be due to pellet markets. Leakage effects resulting from increased biomass 

demand is discussed in e.g. Abt, Abt & Galik (2012), Abt, Abt, Galik & Skog (2014) 

and Wear & Greis (2013).  

Arguably, the extent to which demand for mill residues for wood pellet production 

push residue demand from other sectors out of the market depend on the price 

elasticity of the products competing for the raw material. If this were the same, 

demand in both sectors would be reduced by an equal percentage as a result of 

increasing prices. Assuming wood pellet markets are more price inelastic (Kristöfel 

et al., 2016) as demand is policy driven, this would mean that a relatively larger 

percentage of other industries' demand would be displaced (Abt, Abt & Galik, 

2012). 
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Displacement effect of wood pellet demand 

The displacement effect has already been described in literature. For instance, 

Goetzl (2015) report that “a green certificate program that had been operating in 

Belgium was terminated because of the potential diversion of wood biomass away 

from competing uses in manufacturing paper and wood products” (Goetzl, 2015, p. 

13). Similarly, Lamers et al. (2012) found that production of bioenergy in Austria 

has displaced use of the wood resource by the pulp and paper industry, leading to 

increased (overseas) import of raw material by that sector. This effect has also 

been reported in the US. For instance, Goetzl (2015) report that in some areas, 

wood pellet producers already compete with other manufacturers for raw materials, 

and analysis suggests that timber might be needed to meet future demands for 

bioenergy production (Wear & Greis, 2013). Similarly, Wang et al. (2015) notes 

that increased wood pellet demand "is likely to be met […] by diversion of forest 

biomass from existing forest products to pellets" (Wang et al., 2015). 

This being said, concrete evidence from the field are in short supply, perhaps due 

to the novelty of the analysis of ILUC, let alone indirect effects, as well as the 

relative recent surge in demand. Therefore, most of the "evidence" of such effects 

are found using economic analysis. For instance, Böttcher et al. (2012) found that 

increased demand for solid bioenergy by the EU would mostly be met by displacing 

other uses of biomass, which, ceteris paribus, means that feedstock for these 

products will then have to be produced elsewhere. In a modelling of future 

demand, Abt et al. (2014) find that absent wood pellet demand, "mill residues from 

the assumed strong housing recovery could be used to meet increasing demand 

for wood to make pulp and composite panels,” while the demand for wood pellets 

leads to “sharp price increases and potential leakage and displacement.” (p. 28). 

Using an equilibrium model, Wang et al. (2015) found that 36% of the raw material 

used for pellet production would come from residue displaced from other products 

and a similar percentage from increased harvesting of pulpwood, while Sedjo & 

Sohngen (2013) found that increased production of bioenergy would lead to 

increased paper imports. The industry also acknowledges these effects: Miner et 

al. (2014) report that the European paper industry had demonstrated that meeting 

the 20% renewable energy target would lead to a shortage in supply of paper raw 

material from EU forests (Confederation of European Paper Industries (2007) 

quoted in Miner et al., 2014). 

 

Supply of wood industry residue 

The supply of wood industry mill residue (see e.g. Figure 9 on the wood industry) 

available for production of pellets and other goods is largely dependent on the 

production of sawn wood and other higher value products (Skog et al., 2014; Abt, 

Abt & Galik, 2012). Due to the economic crisis of 2008, global production of sawn 

wood declined, especially so in Europe and US (see Figure 22). This was around 

the same time when pellet demand began increasing, meaning that less residues 

were available at a time when more residues would be needed for wood pellet 

production. Since the low point in 2009, production has gradually recovered, 

although pre-crisis levels have not been reached. 
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Figure 22. Production of sawn wood (Million m³) in regions of the world. Note that especially 

Northern America and Europe, the places where production of wood pellets take 

place, saw a decline in sawn wood at a time when residues would be needed for 

pellet production.  

Given the potential constraint on supply of wood industry residues, the potential 

demand for Roundwood and other feedstocks as raw material for wood pellet 

production is highly dependent on the increase in consumption of other wood 

products, notably sawn wood. This means that e.g. the recovery of housing and 

construction markets in the US (and in EU, for that matter) matters a great deal, as 

an increase in this market would make additional sources of raw materials 

available for wood pellet production (Skog et al., 2014). 

Finally, production of wood pellets from mill residues means that this raw material 

in some cases is no longer used for energy purposes such as heating at e.g. 

sawmills or pellet plants, in which case it can be replaced by fossil fuels to produce 

local heat or electricity at the plant. In many LCA assessments, using fossil fuels to 

dry pellets greatly increase overall GHG emission during the life-cycle of the pellet. 

If mill residues are in short supply and/or become more valuable, because of 

increased demand, drying of feedstock using fossil fuels rather than wood residues 

might become more financially attractive. According to Röder et al. (2015) this 

would raise the life cycle emissions of the scenario in which wood pellets are used 

for electricity generation by over 100% to about 271-279 gCO2e kWh-1. The 

importance of drying using residues is also highlighted by Hansson et al., (2015) 

who show that imported pellets (from e.g. Canada to EU) dried using biomass can 

have lower total GHG emissions than pellets transported shorter distances (e.g. 

from western Russia to EU), but dried using fossil fuels, in this case natural gas. 

6.2.1 Case study evidence: US Southeast 

In Southeast US, pellets produced from smaller facilities, typically located in 

proximity of sawmills, are usually produced from sawdust and other mill residues 

from the wood industry (Iriarte et al., 2011). Supply and price therefore depend on 

production of other materials, and an increase or decrease in these sectors can 
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greatly affect raw material supply, such as was the case with the decline in the US 

housing industry following the economic crisis from 2008 (Cocchi et al., 2011). 

US supply of sawdust, shavings and other mill residues have been 16.6-23.0 Mt yr-

1 (from 1998-2008, i.e. pre-EU demand) with demand for pulp and fibreboard in the 

order of 9.4-12.6 Mt yr-1, leaving about 7-11 Mt yr-1 of mill residues for pellets (all of 

North America) (Note that these numbers are authors own calculations based on 

Spelter & Toth, 2009). In relation to expected EU demand, mill residues should 

theoretically be able to meet about half of the demand for feedstock in the low 

demand scenario (of 16 Mt trade by 2020). However, as was discussed in section 

6.1.1, the spatial location of the pellet mills in relation to the residues will matter a 

great deal. As residue cannot be transported very far (due to economic 

constraints), some areas will see increased competition, and possibly situations 

where demand for residues become larger than supply. This would lead producers 

with significant financial capacity to source other raw materials, an aspect that is 

touched upon in section 6.3. 

It is important to note that sourcing an increasing amount of mill residues pose a 

problem in that, as mills must pay a disposal fee to get rid of mill residues, "all mills 

already have markets that they are currently hauling this material to" and thus, 

"there is not a plant in the US that is discarding this material" (Botard & Gallagher, 

2014). If Botard & Gallagher (2014) are right about this, increased demand for 

bioenergy cannot be met using mill residues, but will have to be sourced from other 

wood raw materials, unless enough new sources of wood industry residues is 

made available. 

 

6.3 Effects of IWUC – Non-residue feedstock used for 
pellets 

In situations and locations where pellet demand increase faster than wood industry 

residues can be made available as raw material (at the right price), higher-value 

raw material, such as Roundwood or stumpage, which is normally used for non-

bioenergy products, can be utilized for the production of wood pellets. This is the 

second IWUC effect analysed: 

› Wood pellets are produced using raw material normally used to produce other 

non-bioenergy wood products (e.g. producing wood pellets using Roundwood 

instead of wood industry residues). Ceteris paribus, production of existing 

products will require other materials. 

Leakage effects of Roundwood consumption 

Increased demand for pellets could lead to increased competition for Roundwood, 

which could drive up costs (Rodden, 2011). With increasing demands and higher 

prices, and limited supplies of wood industry residues in some locations, pellet 

producers will be looking for other feedstocks in the same and other markets. If 

increasing demand for wood pellets shifts existing demands to other locations, this 

could increase pressure on forests in those markets to deliver additional resources 

(Agostini et al., 2013) which would affect global GHG emissions. 
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The largest consumers of softwood and hardwood Roundwood have historically 

been and still is the pulp and paper, and oriented strand board (OSB) industries 

(Kinney, 2014). Increased demand for these raw materials will lead to increased 

competition, which (simplifying the situation) lead to two changes: 

› Increased competition for a limited resource will lead to lower demand by 

some industries; ceteris paribus, the production of this good will take place 

elsewhere. The most price sensitive (price elastic) product will demand less 

raw material in the market, and the production of the product will either take 

place in another market or depend on raw materials from other areas. This 

effect is termed leakage. 

› Increased competition (and thus increased price) will lead to increased supply 

as forest owners seek to profit on the increased demand for raw material. 

These changes are dealt with in the section on indirect forest management 

change. 

In reality, a combination of these two effects will occur, the important topic of 

course being what the impact of GHG emissions of wood pellets are of the two 

effects. This section deals only with the first effect, displacement of current 

production and potential leakage to other markets. 

Increased use of Roundwood for pellets at the expense of existing demands has 

already been observed in some locations (Lamers et al., 2012). Junginger et al. 

(2011) also write that "Roundwood and wood chips are used as feedstock [for 

wood pellets]," although no source is provided. In a study on the market effects of 

increased wood pellet demand, Abt, Abt & Galik (2012) found that any demand, 

which could not be met using residues as feedstock, would be met "by using 

pulpwood." These findings are reflected in a review of forest bioenergy accounting 

(which is particularly relevant concerning IFMC, see section 6.4), conducted by 

Agostini et al. (2013). They find that large-scale modelling show that increased 

demand for bioenergy will lead to "a decrease of the forest carbon stock (or a lower 

increase compared to the reference fossil system) or a displacement of wood for 

products" (Agostini et al., 2013). Skog et al. (2014) arrive at the same conclusion, 

finding that "the composition of wood fuel supply changes as wood energy use 

increases – increases in the demand for wood fuel will result in increased use of 

higher valued wood fuel sources." 

Though increased pellet demand could lead to increased competition for 

Roundwood and subsequent displacement, it is not assumed that more valuable 

sawtimber resources will be used for wood pellet production (Miner et al., 2014; 

Abt, Abt & Galik, 2012), as the resource is prohibitively more expensive. Kinney 

(2013) also underlines this point. Similar points are made by Matthews et al. 

(2014), who find that "Roundwood may be used as a source of bioenergy," while it 

"is less likely that forest bioenergy will involve consumption of wood suitable for 

high value applications, such as sawlogs typically used for the manufacture of 

sawn timber" (Matthews et al., 2014). 

The potential changes to wood industry supply chains is schematically depicted in 

a somewhat simplified version in Figure 23 below.  
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Figure 23. Schematic and simplified illustration of the forest products market and sources of wood 

supply. The solid lines denote pre-bioenergy supply chains, while the dashed 

lines denote the hypothetical changes to the forest products market resulting 

from increased wood pellet demand, and long-dashed lines denote new supply 

chains. Figure adapted from Skog et al. (2014). 

 

Wood Paying Capacity 

What determines the substitution of products through competition between various 

industries using wood resources is the wood paying capacity (WPC) of each 

industry (Iriarte et al., 2014). That is, how much can each industry afford to pay for 

a given residue, before production becomes uneconomical (in other words, the 

marginal cost of production). This will affect the degree to which the changes 

depicted in Figure 23 above will materialize, i.e. how much Roundwood will be 

diverted from paper, OSB and other uses to wood pellet production. 

The million-dollar question is, of course, is the wood paying capacity of pellet 

producers smaller, larger (or equal to) other industries, and how is this going to 

change looking forward? Naturally, this depends on a number of factors, including 

pellet market price, transport costs, depreciation and overhead cost of the pellet 

plants, and naturally the same components for the pulp and paper and OSB 

industries (Junginger, 2013; RISI, 2015). A list of prices of various raw materials 

have been extracted from several sources. Note that these are in green short tons 

(or green tonnes). The first estimate is from Botard & Gallagher (2014), who 

estimate that6: 

                                                      
6 Note that all prices are from the US. Averages across US (Botard & Gallagher) or US Southeast 

(Kinney, 2013) and US South Atlantic (RISI, 2015b). 
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› Mill residues costs $20-40 green tonne-1, "depending on transportation 

distance" 

› Forest harvest residues typically costs around $35-45 green tonne-1, "but 

cannot be hauled much more than 80 km or so without a higher price." 

› Small-diameter Roundwood usually costs around $50-60 green tonne-1, "as 

long as haul distance is kept to less than 80 km" 

› Cost of wood from dedicated wood energy plantations, such as loblolly pine, is 

around $70 green tonne-1, depending on distance from forest to facility. Short-

rotation coppice, such as eucalyptus, can be delivered at around $90 green 

tonne-1. 

These figures are including transportation, which can vary, but following by RISI 

(2015), another industry consultancy, this is set to $22 tonne-1 here. Actual market 

data, for the period September to October 2013, taken from Forest2Market 

(Kinney, 2013), excluding transportation, cite prices of: 

› Pine pulpwood: $10.58 per green short ton (equal to about $11.7 per green 

metric tonne; with transportation that is around $33.7 tonne-1). 

› Pine sawtimber (with a dimeter at breast height at 14"): $24.72 per green short 

ton (equal to about $27.3 per green metric tonne; with transportation that is 

around $49.3 tonne-1).  

Thus, these prices are somewhat lower than those quoted by Botard & Gallagher 

(2014), provided transportation costs given by RISI (2015) are accurate. RISI 

(2015b) list the following prices: 

› Mill residues: $22 per green short ton (equal to about $24.3 per green metric 

tonne 

› Harvest residues7: $24 per green short ton (equal to about $26.5 per green 

metric tonne 

› Roundwood soft: $36 per green short ton (equal to about $39.7 per green 

metric tonne 

› Roundwood hard: $36 per green short ton (equal to about $39.7 per green 

metric tonne 

Obviously, the price of wood is only part of the total cost. RISI (2015a) indicate that 

around 50% of the costs of pellet producers are from raw material procurement. 

Assuming a price of pellets at $190 tonne-1, RISI (2015a) calculate that this 

translates into a marginal wood paying capacity of about $36.61 gst-1 (or about 

$40.4 tonne-1). Factoring in subsidies under a range of UK policy schemes, they 

calculate that utilities technically are able to pay around $215 to $275 tonne-1 wood 

                                                      
7 This is defined in RISI (2015b) as including: bark, screenings, whole tree chips from limbs, tops, and 

limited stem material; and grindings from thinnings and land clearing. 



 

 

  

   

THE INDIRECT GREENHOUSE GAS EFFECTS OF WOOD PELLET CONSUMPTION FOR ENERGY GENERATION  51  

Simon Laursen Bager, tch167  

pellets. This translates into between $45 tonne-1 to $82 tonne-1 for raw materials, 

including transport of $22 gst-1, or about $15 gst-1 (current price), $26 gst-1 

(Renewable Obligations policy) and $53 gst-1 (Contracts for Difference policy). This 

is then compared to the current pulpwood price, excluding transport, of about $11 

gst-1 (which is similar to the price quoted by Kinney (2013) and RISI (2015b), if 

transport of $22 gst-1 for Roundwood is subtracted). The raw material prices and 

the marginal wood paying capacity of pellet producers under various policy 

scenarios, is shown in Figure 24 below. The implication of this is that pellet 

producers, even under the lower marginal wood paying capacity scenarios, are 

able to procure pulpwood, and thus able to compete with existing users for this 

material. 

 

Figure 24. Procurement cost (including transport) for a range of wood raw materials (columns), 

and the marginal wood paying capacity of wood pellet producers under four 

different subsidy scenarios (lines). Data from RISI (2015a, b), Kinney (2013), 

and Botard & Gallagher (2014). 

Further to this, the presence of subsidies in EU MS, in the example shown here the 

UK, enable utilities to pay a higher price for feedstock, potentially up to $74 gst-1, 

which is high enough to pay for sawlogs as raw material. Utilities thus show a very 

inelastic demand, as subsidies enable them to buy pellets even under high cost 

scenarios. As Stewart (2011) writes, this translate into conflict over supply, and 

potential vulnerability for the e.g. the pulp and paper industry, as "the renewable 

energy sector is mandate-driven, highly regulated, and subsidized" (Stewart, 

2011). This put other users of these resources at a competitive disadvantage. 

Thus, absent large quantities of residues, pressure to use Roundwood for wood 

pellet production will continue (Abt, Abt & Galik, 2012). Reportedly, a number of 

new mills to process chipped Roundwood have already been built across the US 

Southeast (Goh et al., 2013) and in Europe and Russia. 
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Plants sourcing Roundwood 

To meet the increased demand, a number of large pellet plants have been built in 

both EU, Russia and US (Cocchi et al., 2011). These large plants (some of these 

with a capacity over 400k tonnes per year) often utilize Roundwood to ensure 

stable supply of feedstock. For instance, the two biggest wood pellet plants in 

Southeast US (2012-data) with a capacity of 0.5 and 0.75 million short tons, 

respectively, both use plantation Roundwood (Junginger et al., 2014).  

At least three reasons for the construction of pellet plants that source Roundwood 

can be identified. The first is that biomass requirements in the various 

woodbaskets cannot be met using harvest residues, wood industry residues, or 

wood waste. This finding is reflected in the Southern Forest Futures Project (Wear 

& Greis, 2013). 

› "It is unlikely that the biomass requirement for energy would be met through 

harvest residues and urban wood waste alone. As consumption increases, 

harvested timber (especially pine pulpwood) would quickly become the 

preferred feedstock" (Wear & Greis, 2013). 

The second is that those wood residues not already utilized for e.g. landscaping 

and OSB, are sometimes not clean enough to use for pellets, due to requirements 

of the pellet industry. The largest demand for wood pellets come from European 

utility companies, who demand pellets of a consistent quality. Given the differences 

in quality, quantity, and material composition (e.g. bark, impurities, ash content, 

etc.) of harvest residues and waste, and the limited supply of high-quality wood 

industry residues leads to demand for pulpwood. 

› “S.C. mills in 2011 produced 9 million tons of wood residues that was either 

burned as waste [though often in plant for energy generation] or dumped in 

landfills. However, the material 'is generally not suitable for pellets because of 

the amount of dirt mixed in with it.' […] Pellet manufacturers generally prefer 

pulpwood like that used by the pulp and paper industry or by oriented strand 

board manufacturers, [as] Pulpwood can be chipped into a cleaner form of 

biomass” 8 (Crumbo, 2012). 

Thirdly, wood industry residues, but especially harvest residues and wood waste, 

are often available in fluctuating quantities and qualities, which align badly with the 

utilities, who prefer stable supply chains with consistent price and quantities over 

the year. Therefore, pellet plants producing for export increasingly prefer 

Roundwood: 

› "This growing need for stability on the feedstock side in both price and volume 

conflicts with the volatile supply situation of the residue stream of the saw 

milling industry" (Cocchi et al., 2011). 

Increasingly, utilities engage in the supply chain to ensure pellets of the right price 

and quality, and at the right time, leading companies to actually operate pellet 

facilities in the emerging markets. Similarly, utilities have even been known to 

                                                      
8 Note that the source of this information is an interview with Tim Adams of the South Carolina Forestry 

Commission, and not a peer-reviewed journal. 
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make agreements directly with upstream suppliers through concessions or 

agreements with forest owners (Cocchi et al., 2011) in order to ensure a stable 

supply of Roundwood and other raw material. 

› "Drax [UK utility company] is [.. ] actively engaged in maintaining a sustainable 

source of supply for wood pellets, and the company operates manufacturing 

facilities located in the Southeastern US" (Greene, 2015). 

Finding information on the actual feedstock use of wood pellet plants has proven to 

be difficult. In an International Energy Agency study on 'Large Industrial Users of 

Energy Biomass' (Vakkilainen et al., 2013), the only information available on 

feedstock use by the 15 largest wood pellet plants globally is whether feedstock is 

sourced locally, imported, mixed or not known. The source of feedstock from five 

plants is unknown, while the remaining ten source locally (in contrast to biodiesel 

and bio-ethanol plants, where feedstock is usually imported). The study does, 

however, note that small mills use sawmill residue as their feedstock, but that "the 

lack of suitable raw material is limiting their production" (Vakkilainen et al., 2013), 

while many of the new, large scale pellet mills do not use sawmill residue, "which 

enables them to concentrate on export" (Vakkilainen et al., 2013). For instance, 

Georgia Biomass pellet mill with a production capacity of 0.8 Mt year-1 (see 

9Appendix B), produces exclusively for power plants owned by EU-based utility 

RWE (Vakkilainen et al., 2013) 

Further to this, RISI (2015) states in a report on the US Southeast pellet production 

market, prepared for the American Paper & Forest Association, that "pellet mills 

are typically developed only after an off-take agreement is secured." This goes to 

show that production is heavily demand-driven and that underscores why 

Roundwood is likely to be used; if supplies in the order of 0.5 Mt year-1 are to be 

secured, Roundwood markets can facilitate this much easier than residue markets. 

6.3.1 Case study evidence: US Southeast 

According to data from Forisk Consulting (published in Abt, Abt, Galik & Skog, 

2014) the increase in pellet production in the US Southeast has been feasible by 

utilizing pulpwood, which made up about 75% of total feedstock for pellet 

production in US South. These numbers differ slightly from 2013-data, published in 

Iriarte et al. (2014) which found that softwood pulpwood made up 45%, hardwood 

pulpwood 15% (for a total of 60%) and mill residues 40%. The analysis from RISI 

(2015), which is the most recent and probably the most accurate, given that the 

pellet industry was consulted, find that production of US Southeast pellets 

consisted of 64% softwood pulpwood, 12% hardwood pulpwood, 12% mill 

residuals, and 12% forest residues (RISI, 2015). This aligns with previous 

projections by industry experts. For instance, Stewart (2009), noted that in the US 

Southeast, "softwood (pine) pulpwood and chips will account for the largest source 

of supply for bioenergy for the foreseeable future, and the competition for these 

materials between traditional and emerging industries will lead to increases in 

prices over time" (Stewart, 2009). Based on data from Forisk Consulting, Abt, Abt, 

Galik & Skog (2014) produced the graph shown in Figure 25, which tells the same 

story; pulpwood is the primary raw material for wood pellet production. 
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Figure 25. Feedstock source for pellet production in the US Southeast for 2005-2016. Source: 

Abt, Abt, Galik & Skog (2014). 

The number of operating wood pellet plants in the US with a production capacity of 

more than 100,000 short tons pro anno (equal to about 91,000 metric tonnes) is 

31, while nine are "megaplants" with a capacity of 400,000 short tons pro anno or 

more (about 360,000 metric tonnes). Furthermore, six plants with capacity over 

100,000 short tons pro anno is under construction, with three of these being 

"megaplants." Another 15 with capacity of 100,000 short tons pro anno or more 

have been proposed, with seven of these being "megaplants" (Own calculations 

based on data from Biomass Magazine, 2015).  

Out of the 147 plants currently operating in the US (See 9Appendix B), only three 

explicitly state that residue is the preferred feedstock, while most of the remaining 

mills disclose only whether softwood or hardwood (or both) is used for production. 

Concerning pellet plants under construction, the information is slightly more 

elaborate, in that six plants have been found to use residues or waste. However, 

the combined capacity of these mills are in the range of 0.3 Mt, smaller than each 

of the three proposed megaplants (combined capacity of the plants are around 1.3 

Mt), which (given information on sourcing provided above) will likely use pulpwood 

as feedstock. This aligns with projections by Abt, Abt, Galik & Skog (2014), who 

based on Forisk Consulting data, projected the raw material supply of pellet plants 

towards 2019. As can be seen in Figure 26, this is expected to come from timber 

(Roundwood) and to some extent mill residues and logging residues.  
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Figure 26. Total announced bioenergy capacity by source type and U.S. Coastal sub-region for 

2011 through 2019. Source: Abt, Abt, Galik & Skog (2014) based on Forisk 

Consulting data. 

The production of these large-scale plants bound for export markets mainly 

sourcing Roundwood will of course increase total demand for both softwood and 

hardwood pulpwood, which, as is depicted in Figure 27 and Figure 28, is expected 

to increase markedly over the coming years9. Actually achieving this supply will of 

course require infrastructure, which is able to deliver it to the facilities, which could 

pose a problem (RISI, 2015b). 

 

Figure 27. Demand for pine pulpwood historic (2008-2013) and predicted (2014-2018) from pellet 

facilities, OSB facilities, and pulp and paper facilities in the US Southeast. 

Source: Data taken from Kinney (2014). Converted from short tons to Mt by 

author. 

                                                      
9 The data is from consultancy company Forest2Market, who advice the wood industry on changes to 

the sector. 
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As can be seen, the demand from pellet mills is expected to increase harvests of 

both softwood and hardwood. Forest2Market, the industry consultants, expects 

demand for hardwood to increase by 5% pro anno towards 2018, "primarily the 

result of increased wood pellet manufacturing capacity" (Kinney, 2014), which 

leads to increased harvest (from 38.5 Mt to about 41 Mt per year), with slightly 

lower demand from pulp and paper (Figure 28). 

 

Figure 28. Demand for hardwood pulpwood historic (2008-2013) and predicted (2014-2018) from 

pellet/OSB facilities, and pulp and paper facilities in the US Southeast. Source: 

Data taken from Kinney (2014). Converted from short tons to Mt by author. 

 

Displacement and harvest change 

Increased demand will, as made evident in the above assessment, most likely lead 

to displacement of existing production. As most of the increase in production 

towards 2020 is expected to come from the US, the degree of displacement in this 

region is central to assumptions on GHG emission impacts. Towards 2020 a rapid 

increase in production is expected, and given the price inelastic demand of utilities 

(due to EU policies and national subsidies), price increases can be expected (and 

thus displacement to other markets. In a forecast on the effect of pellet production 

of forests in the US Southeast, Abt, Abt, Galik & Skog (2014) project that the 

maximum displacement or leakage for the US Southeast is 17 million green short 

tons (about 15.5 green Mt) (see Figure 29). Assuming clear-cut of the forest 

produces around 145 tonnes per hectare (65 tons per acre) and thinning about 58 

tonnes per hectare (26 tons per acre) (Westbrook Jr. et al., 2006), the displaced 

demand require about 107,000 hectares of clear-cut forest, or about 267,000 

hectares of thinning. This is assuming that other forest areas yield the same 

amount as pine forests in the US Southeast. 

Similarly, about 20 million green short tons (gst) of the increased demand will come 

from harvest change. Langholtz et al. (2014) assume that about 15 gst of residues 

are available per acre. Harvesting two-thirds of these for bioenergy would yield 

about 22 tonnes per hectare. Assuming that the harvest change would come from 

increased harvest of residues for about 25% of the demand, thinning for 50% and 
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clear-cut of forest for 25%, the harvest change will affect a total of 433,000 ha of 

forest (with 227,000 ha coming from residues, 172,000 ha from thinning and 

34,000 ha from clear-cut). 

These figures should obviously only be seen as an estimate, but it shows that due 

to the inelastic demand for wood pellets (Abt, Abt, Galik & Skog, 2014), towards 

2020 there will be actual changes to the forests in the US Southeast and in those 

regions where current production is displaced to. These changes are not factored 

into the GHG emission profile of wood pellets, but would arguably affect this.  

 

Figure 29. "Total U.S. Coastal South feedstock composition projection for 2010–2040, showing 

total change in bioenergy feedstock demands, as well as the demand quantities 

provided by pine and hardwood utilized residues, harvest change, and 

displacement/leakage." Source: Abt, Abt, Galik & Skog (2014). 

 

6.4 Effects of IFMC 

Increased demand for raw material for pellet production and upward pressure on 

price is likely to lead to intensification and perhaps increased harvests of existing 

forests, as forest managers adapt to changes in markets (Iriarte et al., 2014). This 

is the final indirect effect assessed: 

› With increased demand for woody biomass as raw materials, possible 

increased prices and expected increases in revenue, forest owners are likely 

to intensify management to increase forest output. "Such change in 

management due to market-induced force represent indirect [… forest] 

management change" (Nepal & Skog, 2014). 

Increasing wood resources can be made available by intensifying harvests or in 

other ways increasing forest biomass extraction in forests (Matthews et al., 2014). 

Potential changes to forest management as a result of increased demand for wood 
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biomass include (after Graudal et al., 2013; Repo et al., 2011; Nepal & Skog, 2014; 

Miner et al., 2014; Ros et al., 2013; Matthews et al., 2014; Wang et al., 2015)10: 

› Increased biomass harvest during thinnings 

› Changes to rotation length 

› Harvest/management (not clear cut, not LUC) of forest areas previously 

unmanaged 

› Harvest of younger trees, as this would increase the availability of pulpwood 

relative to saw timber 

› Increased fertilization 

› Increased removal (i.e. harvest) of residues (or introduction of this, if this has 

not been the case until then) 

› Timing and frequency of thinning and harvest 

› Increased density of planting and regeneration 

› Drainage of wet areas 

› Changes to species composition (e.g. introduction of faster growing and/or 

more productive trees) and breeding 

In a review, Miner et al. (2014) found that “most studies” ignore IFMC and assume 

that “forest management within a supply area will not change in response to 

increased demand for forest biomass; i.e., management practices, the amount of 

forested area, and the impacts of natural disturbances do not change.”  

Increased harvest of residues 

Forest management change can influence carbon stocks in the forest (Ros et al., 

2013), by removing or adding biomass, either immediately (e.g. harvest) or over 

time (e.g. fertilization). Looking at annual cycles, if forest removals are greater than 

forest growth, a parameter denoted the 'growth-to-drain-ratio,' the carbon stock of a 

forest is depleted (Goerndt et al., 2014). Thus, a basic "sustainability indicator" for 

using forest biomass for energy is whether forest carbon stocks can be maintained 

while biomass is removed for bioenergy consumption (Goerndt et al., 2014). An 

example of a forest, where carbon stock is depleted because of changes to residue 

extraction is given in Figure 30. If sourcing biomass lead to changes in forest 

carbon stock or forest management levels, this could change the carbon footprint 

of the final product (Sathre et al., 2010; Schulze et al., 2012). Studies that quantify 

the changes to forest management (harvest increase, residues) due to increased 

demand for wood pellets have not been found. 

                                                      
10 These are not all equally likely to occur, as some are more costly per tonne of output than others are, 

and some take longer to come to fruition than others (Matthews et al., 2014). The degree to which these 

various effects will take place is not assessed in detail, as it is outside the scope of this paper. 
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Figure 30. Reduction of forest carbon stock as a result of increased harvest of residues (note that 

the y-axis is shown starting at 140 tC ha-1). The figure is for illustrative purposes 

only, and numbers do not apply to the forest management changes discussed 

here, although the general trend does. Source: Matthews et al. (2014). 

In general, it is not expected that harvested residues will be used for pellets in 

large quantities, as pellet producers prefer feedstocks with fewer contaminants (as 

noted by e.g. Crumbo (2012)). However, extraction of low-grade stemwood and 

thinning tress could increase in response to increasing demand for pellets (a likely 

scenario, according to Matthews et al. (2014)). The remaining residues are often 

used by various plants (sawmills, pulp and paper, pellets) to generate energy for 

their own operations, with some generation a surplus of energy which can be sold 

back to the grid (Kinney, 2013). 

With regards to forest management change (FMC), the temporal and spatial scale 

becomes particularly relevant, as carbon dynamics are different depending on 

whether the subject of analysis is single stand or a landscape level (spatial issue) 

(Nepal & Skog, 2014). Similarly, temporal scale matters, as the impact of FMC will 

be different depending on whether the analysis covers a relative short timeframe 

(i.e. 20-30 years) or longer timeframes (several decades to centuries) (Nepal & 

Skog, 2014). It must be noted that IFMC effects could be positive as well as 

negative from a carbon perspective, with increasing or decreasing stocks (Miner et 

al., 2014), and that these effects can differ on spatial and temporal scales. 

In forest effects of increased removal of residues 

If additional biomass is removed from the forest (as in Figure 30), this could have 

implications for the long-term health of the forest. For instance, harvest residue is 

often left in the forest to retain nutrients and build-up soil carbon through slow 

decomposition of the residues. Forest certification schemes such as FSC and 

PEFC also contain requirements for leaving residues (Ros et al., 2013, Kittler et al., 

2012), and Best Management Practices (in the US Southeast) require about a third 

of the harvest residue to be left behind (Kinney, 2013). Traditionally, 25-45% of 

woody biomass is left after harvest to maintain ecosystem services such as 

biodiversity, erosion control, and water quality (Goerndt et al., 2014), but the 
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amount that can be sustainably removed from the forest depend on e.g. climate 

and type. Intensively managed forests with high harvest rates and (comparatively) 

shorter rotations can also lead to soil nutrient depletion, which can either hinder 

future growth11 (Goerndt et al., 2014) or necessitate fertilization. Furthermore, 

whole-tree harvesting removes significantly more nutrients than when residues are 

left on site12 (US DOE, 2011), see also Berger et al. (2013). Similarly, smaller trees 

removed during thinnings also contain a relatively higher proportion of nutrients 

(US DOE, 2011). 

Besides potentially reducing soil nutrients and carbon, and adversely impacting 

ecosystem services, increased removal of forest biomass also mean that CO2 is 

released faster (through combustion) than what would have been the case 

otherwise. Had the biomass not been used for pellets, it could have been removed 

and used for another product (where it could have potentially stored carbon) or left 

in the forest (where it would have also stored carbon for some time, depending on 

the rate of decomposition) (Simpson, 2015). 

Accounting for IFMC 

In order to correctly account for the GHG effects of IFMC, the carbon that would 

have been absorbed by the forest had it not been harvested for bioenergy, must 

also be accounted for. This is termed the reference case, and several approaches 

for setting such a baseline can be defined: 

› A reference baseline (i.e. the current situation, which the change is evaluated 

against; consistent with ALCA); 

› A business-as-usual scenario (i.e. what would happen to forest biomass in the 

absence of wood pellet consumption; consistent with CLCA approach), and; 

› Comparative baseline (i.e. comparison of the BAU scenario with a reference 

fossil fuel scenario; consistent with a CLCA approach) (Nepal & Skog, 2014).  

How such a baseline is established has great impact on the assumed GHG benefit 

of using woody biomass for energy (Cherubini & Strømman, 2011; Nepal & Skog, 

2014), and the preference for one over the other is contingent on the policy context 

and the objective of the analysis (Nepal & Skog, 2014); naturally setting this 

baseline correctly is greatly essential. An example of the importance of how the 

baseline is set is given by McKechnie et al. (2014), who show that the GHG 

benefits accounted for (by virtue of the baseline) can be vastly different from the 

actual carbon change in the forest, and thus the true GHG benefit (i.e. what the 

atmosphere sees).  

While the time difference from emission to sequestration is rather short for most 

other biomass energy sources (e.g. agricultural crops), this is (often) not the case 

for woody biomass. While carbon is released instantaneously when biomass is 

combusted for energy, the time it can for the carbon to be re-sequestered can be 

significantly longer (in the case of temperate pine plantation two decades or so, in 

                                                      
11 Agostini et al. (2013) note that most models do not take this into account.  

12 "Whole-tree harvesting removes about 16% more biomass from Douglas-fir stands, but 65%, 83%, 

52%, and 169% more nitrogen, phosphorus, potassium, and calcium" (US DOE, 2011) 



 

 

  

   

THE INDIRECT GREENHOUSE GAS EFFECTS OF WOOD PELLET CONSUMPTION FOR ENERGY GENERATION  61  

Simon Laursen Bager, tch167  

the case of boreal forests several hundred years) (Agostini et al., 2013). The 

consequence of the time difference in C-release and C-sequestration (i.e. the time 

it takes for the CO2 released during combustion to be re-absorbed in biomass) is 

that, due to the radiative forcing properties of CO2, a warming effect on the climate 

greater than zero ensues. This problem is especially pertinent for some solid 

biomass sources, such as wood from boreal forests, and the impact of biogenic 

carbon has been discussed in several papers and reports (e.g. Ter-Mikaelian et al., 

2015; Sanchez et al., 2012; Agostini et al., 2013; Brandão et al., 2013) and has 

been subject of policy discussions (US EPA, 2011). The two most important 

aspects here are the feedstock used and the growth rate of the forest, which is a 

function of climate and species (e.g. a boreal pine forest takes much longer to 

regrow than a temperate pine forest). The implication of this is that the assumption 

of zero CO2-emissions from biomass in the energy sector becomes invalid and “the 

emission benefits from bioenergy overestimated” (Bird et al., 2010); how much this 

matter is not a subject of discussion here. A metric to account for this time lag is 

proposed by several authors, e.g. Schimdt et al. (2015). See Matthews et al. 

(2014) for a general discussion of the topic. 

Carbon parity point and payback times of wood pellets 

When biomass is removed from the forest and used for bioenergy, the amount of 

carbon storage in the forest is reduced. Therefore, a carbon 'debt' is incurred by 

removing the biomass. Furthermore, had the biomass not been combusted, it 

would have remained in the forest, and even more carbon could have been 

absorbed. Therefore, the benefit of using biomass for energy must be evaluated 

against not only the current level of carbon on the forest, but the counterfactual, i.e. 

how much carbon the forest would have absorbed in the absence of bioenergy 

extraction. As using bioenergy for energy generation (usually) gives rise to GHG 

savings, the carbon "lost" through extraction can be regained. The point at which 

this takes place is referred to as the carbon neutral point, while the time at which 

the carbon, which would have been sequestered by the forest is paid back, is 

referred to as the carbon parity point (Mitchell et al., 2012; Matthews et al., 2014; 

Nepal & Skog, 2014) (see Figure 31 for an illustration of this).  
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Figure 31. Conceptual representation of carbon debt repayment (carbon neutral point) versus the 

carbon parity point. The carbon debt (gross) is the difference between the initial 

carbon storage of the forest and the carbon storage of a forest (or landscape) 

managed for bioenergy production. The net carbon debt is the gross carbon debt 

plus the GHG benefits resulting from use of bioenergy compared to a fossil 

reference. The point at which the benefit "catches up" with the counterfactual 

scenario is the carbon parity point. Source: Mitchell et al. (2012).  

 

Generally, residues have shorter payback times (Zanchi et al., 2010; Nepal & 

Skog, 2014; Agostini et al., 2013; Cherubini et al., 2011), and logging residues can 

result in payback times as short as 0, 7 and 16 years, respectively, when coal, oil 

and natural gas is replaced by wood bioenergy (type not specified) (Nepal & Skog, 

2014). Ros et al. (2013) notes that using Roundwood for bioenergy production 

such as wood pellets can result in large carbon debts. This fact also noted by 

Agostini et al. (2013), who provide several estimates of payback time for various 

bioenergy scenarios, some of these being several centuries. Similarly, Ros et al. 

(2013) finds that using e.g. thinnings for bioenergy "requires payback times of 

between 40 and 135 years, when used for replacing coal" (Ros et al., 2013), while 

the payback would be even longer for gas, due to the lower carbon footprint. This 

means that the sustained use of bioenergy in this situation would not start yielding 

a carbon benefit until 40 to 135 years later! For a thorough elaboration of these 

issues, see Agostini et al. (2013). With regards to this, it is worth noting that 

accounting rules for the carbon stock in the forest, e.g. with regards to Forest 

Management Reference Levels (FMRL), matters a great deal (see above) and any 

changes to accounting rules will greatly impact on payback times. See e.g. 
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McKechnie et al. (2014) for an analysis of the consequence of this to national GHG 

inventories13. 

Naturally, the combination of time lag from emissions to sequestration and the time 

it takes to reach carbon parity, means that the relative benefit of wood pellet for 

energy production depend on the horizon applied for the analysis. As climate 

change effect is looked at in a 100-year perspective by the IPCC, this could 

provide a time horizon over which to evaluate the climate benefit of wood pellet 

substitution for energy generation. However, this might prove too long, keeping in 

mind policy time-horizons (e.g. RED seeks to achieve effects by 2020). With this in 

mind, Agostini et al. (2013) conclude that "the assumption of biogenic carbon 

neutrality is not valid under policy relevant time horizons (in particular for dedicated 

harvest of stemwood for bioenergy only) if carbon stock changes in the forest are 

not accounted for."  

 

Raw material use for pellet production 

With the importance of counterfactual scenarios and carbon payback times in 

mind, it is worth looking at the importance of raw material selection concerning 

GHG emission benefits of wood pellet consumption for energy generation. As 

regards wood industry residues, immediate benefits arise, due to the 

counterfactual most often being landfilling or combustion. This is also the case for 

some harvest residuals (Sathre & Gustavsson, 2011). Similarly, harvest thinnings 

have comparatively short payback times of about 5-25 years (Ros et al., 2013). 

However, when using Roundwood, as was shown is likely the case for most of the 

expansion in wood pellet production, payback times become significantly longer, in 

some cases over a century until benefits arise (Zanchi et al., 2012; Ros et al., 

2013; Agostini et al., 2013). The GHG emission consequences of using various 

raw materials for pellet production and subsequent energy generation is 

qualitatively shown in Table 2 below. The table is compiled by Agostini et al. 

(2013), who do not distinguish between Roundwood and sawlogs, but given that 

Roundwood is usually used for products with a shorter life-time than sawlogs, this 

is likely comparatively better (or, in a policy relevant time horizon, a more ample 

term would be "less bad"). 

 

 

                                                      
13 "While bioenergy production is found to reduce forest carbon sequestration, under the FMRL 

approach this trade-off may not be accounted for and thus not incur an accountable AFOLU-related 

emission, provided that total forest harvest remains at or below that defined under the FMRL baseline" 

(McKechnie et al., 2014) 



 

 

   

  

 64  UNINTENDED OR UNANTICIPATED CONSEQUENCES? 

 C:\Users\SLBA\Documents\Privat\Speciale\Paper_final.docx 

Table 2. Qualitative evaluation the GHG emission consequences on a short, medium, and long-

term horizon taking into account the raw material used for bioenergy production. 

Source: Agostini et al. (2013), based on a qualitative estimate of the papers 

reviewed for their study, and an adapted version of the table found in Nepal & 

Skog (2014). 

Biomass Source 

CO2 emission reduction efficiency 

Short term (10 years) Medium term (50 years) Long term (centuries) 

Coal Natural gas Coal Natural gas Coal Natural gas 

Temperate stemwood energy 

dedicated harvest (1) 
- - - - - - +/- - ++ + 

Temperate stemwood energy 

dedicated harvest with market-

induced forest investment (2) 

- - - - ++ + ++ + 

Boreal stemwood energy 

dedicated harvest (1) 
- - - - - - - - - + + 

Harvest residues* (1) +/- +/- + + ++ ++ 

Thinning wood* (1) +/- +/- + + ++ ++ 

Landscape care wood* (1) +/- +/- + + ++ ++ 

Salvage logging wood* (1) +/- +/- + + ++ ++ 

New plantation on marginal 

agricultural land (if not causing 

ILUC) (1) 

+++ +++ +++ +++ +++ +++ 

Forest substitution with fast 

growth plantation (1) 
- - ++ + +++ +++ 

Forest substitution with fast 

growth plantation (if no old 

growth forest replaced) (2) 

- - ++ + +++ +++ 

Indirect wood (industrial 

residues, waste wood etc.) (1) 
+++ +++ +++ +++ +++ +++ 

+/-: the GHG emissions of bioenergy and fossil fuels are comparable; which one is lower depends on specific pathways, 

-; - -; - - -: the bioenergy system emits more CO2e than the reference fossil system 

+;++; +++: the bioenergy system emits less CO2e than the reference fossil system 

*For residues, thinning & salvage logging it depends on alternative use (e.g. roadside combustion) and decay rate. 

(1) From Agostini et al. (2013) 

(2) From Nepal & Skog (2014) 
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6.4.1 Case study evidence: US Southeast 

Currently, American forests provide a net carbon sink, but this could change 

because of landowner response to changes in demand for raw material for pellet 

production (Miner et al., 2014). It is important to notice that this could result in a 

larger as well as a smaller sink, depending on the type of response from forest 

managers and markets, as increased demand could lead to greater harvest, but 

also to greater afforestation (Miner et al., 2014). 

Total forest residues and processing residues available in the US at <40$ t-1 are 

estimated at 74 Mt in 2012, rising to 76 Mt in 2017 and 79 Mt in 2030, while the 

amount is slightly larger at <50 $ t-1, 85 Mt, 87 Mt and 90 Mt, respectively (US 

DOE, 2011). According to Iriarte et al., 2014 (citing Pöyry, 2014), sustainable non-

utilized fibre supply was 32 Mt in 2013 with pellet production at that time making up 

4 Mt. To put it in perspective, current removals from U.S. forestlands are about 320 

Mt, while net forest growth was about 227 Mt (US DOE, 2011). Demand from pulp 

and paper and WBP producers is estimated at 77 Mt (Iriarte et al., 2014). US DOE 

report that current total logging residue amount to 85 Mt annually, 62 Mt of logging 

residue and 23 Mt of other removal residues (US DOE, 2011). Botard & Gallagher 

(2014) who, citing Perlack et al. (2005) find that residues from harvests amount to 

35 Mt per year, report a different figure. However, Abt, Abt & Galik (2012) assume 

that the level of logging residue recovery will increase in response to increasing 

demand from wood pellet producers. Naturally, the amount of logging residue 

available will depend on the price this material can fetch. US DOE (2011) modelled 

the amount of logging residue (Figure 32) and forest thinning (Figure 33) available 

at various price ranges. This goes to show that at the right price, significant 

amounts of residue could be mobilised (note that all scenarios have higher prices 

than pulpwood currently fetch), but this would of course have implications for 

carbon storage. 

 

Figure 32. Availability of logging residues at $20 dry ton-1 (left) and at $40 dry ton-1 (right), 

delivered to roadside. Source: USDOE (2011, p. 29). 
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Figure 33. Availability of forest thinnings at $30 dry ton-1 (left) and at $60 dry ton-1 (right), 

delivered to roadside. 

As concerns forest management, it is important to note that almost no forest 

managers in the US Southeast have forest management plans (around 3% have) 

(Kittler et al., 2012). This means that there is a risk that the impact of increased 

harvest and intensification on forest health is not taken into account to the extent 

needed, and that (too) large amounts of residue are removed if markets exist. 

In some regions of the US (especially so in western US and the northern parts of 

the continent, including in Canada) some forest management objectives align with 

the increased demand for energy. For instance, low-grade and wood not 

merchantable for other uses, which is often removed as part of timber improvement 

and fire-risk reduction (Butler & Lantiainen, 2014), as well as wood from pine-

beetle infested forests (common in e.g. British Columbia) (Aguilar, 2014) can well 

be utilized for wood pellet production. Demand for these products would provide an 

income stream for forest managers, and could contribute to better overall forest 

management. Indeed, pellet plants sourcing from pine beetle infested forests 

already exist in British Columbia (Iriarte et al., 2014), and potential to expand also 

exist in eastern Canada (Mansuy et al., 2015).  

6.5 Including indirect effects in models 

The previous chapter and the first four sections of this chapter have provided the 

context within which the demand for wood pellets, and thus the indirect effects 

should be seen (Chapter 5), as well as an assessment of the resulting indirect 

effects, why they arise, and how significant these are (Section 6.1, 6.2, 6.3 and 

6.4). With a view to the research objectives and questions, and the findings 

presented so forth, this section considers how these effects could conceptually be 

accounted for in a model or method, highlighting the problems of such an 

endeavour. 

Previous modelling efforts 

Generally, the studies on ILUC for biofuels can be classified as deterministic (e.g. 

Kim & Dale, 2011; Bauen et al., 2010) or economic approaches (e.g. Searchinger 

et al., 2008; Fargione et al., 2008; Al-Riffai et al., 2010). Deterministic approaches 

use statistical data on land use change, carbon emissions, trade, production, and 

consumption to calculate ILUC using simplified algorithms or calculations (Bird et 
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al., 2013). Economic models use assumptions on current and future production 

capacity and yields, price elasticities, land transformation elasticity and other inputs 

to determine conversion of land following a change in demand for a given product 

(e.g. biofuels) (Broch et al., 2013; Wicke et al., 2012). Economic models are either 

‘Partial equilibrium models,’ which focus on one sector (e.g. agriculture, forestry), 

usually coupled with a land use model, or ‘General equilibrium models,’ which 

include all sectors of the economy (Prins et al., 2010). Both models have been 

used to estimate ILUC of biofuels, and several studies (e.g. Plevin et al., 2010; 

Broch et al., 2013) have compared the results of the various economic modelling 

approaches for ILUC. 

The results of the economic approaches are sensitive to the assumptions made 

(Saikku et al., 2012), and ILUC estimates produced by various models vary widely, 

as shown by the comparative studies, even taking into account different 

assumptions on price elasticity and other factors made by the researchers14. 

Furthermore, the models do not take sustainability criteria and land use policies 

into account (Wicke et al., 2012), which can be important, e.g. in the case of RED. 

The models rely on historical data to define elasticities, but as e.g. the underlying 

policies change, these data are not necessarily representative of future land use 

(Marelli et al., 2010). These issues are further discussed in e.g. Wicke et al. (2012).  

In most studies on the GHG impact of biofuels and solid bioenergy, ILUC and other 

indirect effects are not taken into account. Cherubini & Strømman (2011) reviewed 

a number of LCA-based studies on solid and liquid biofuels, looking at scope, 

functional unit, and direct and indirect effects, among other things. They showed 

that “none of the reviewed studies” addressed the issue of ILUC from biofuels, and 

that “no methodological standards exist” (p. 443) (this is also noted by Nepal & 

Skog, 2014), observing that “inclusion of these indirect effects in LCA represents 

the next research challenges for LCA practitioners” (p. 445). While some studies 

have assessed, discussed and/or quantified ILUC of biofuels, no studies or models 

that assess or quantify ILUC of wood pellets were found. This finding is also 

reflected by PBL in their assessment of the climate effect of wood bioenergy: "Data 

(from studies or model simulations) that quantify the total net effect [of ILUC] could 

not be found." (Ros et al., 2013). However, ILUC is mentioned either in passing or 

as an important research area in a number of studies, e.g. Cherubini et al. (2009); 

Cocchi et al. (2011); Junginger et al. (2011); Agostini et al. (2013); Lamers & 

Junginger (2013); Junginger et al. (2014). As was discussed in the section on LCA 

of wood pellets (Section 5.5), as the only study, Wang et al. (2015) provide an 

assessment of indirect effects of a biomass wood pellet chain. 

Problems with modelling indirect effects 

Assuming that indirect effects do happen, as was argued in the previous section, 

the effects will need to be included in Biograce or another model, in order to 

account for the full GHG emissions of utilizing wood pellets in the energy system. 

However, a number of problems exist with regards to including these effects in 

such models. These are deliberated upon in the following. 

                                                      
14 As was shown in Figure 2, economic models assume lower food consumption as a result of bioenergy 

demand, which results improved GHG profiles for bioenergy (Wicke et al., 2012). If food consumption is 

held constant, GHG emission factors for LUC caused by bioenergy production increases (Marelli et al., 

2010; Wicke et al., 2012). This aspect will have to be taken into account when assessing results of 

economic models. 
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Firstly, indirect effects largely concern marginal changes, and should thus ideally 

be quantified using a consequential LCA approach. However, Biograce and similar 

models are mostly of an attributional nature, and since CLCA and ALCA cannot, at 

least from a scientific perspective, be combined, this means that effects cannot be 

included using a consequential approach. 

Secondly, the knowledge on indirect effects are still at an early stage. To the 

knowledge of this author, this is the first paper that seek to conceptually outlines 

and to the degree possible assess potential indirect effects resulting from wood 

pellet demand. Although studies on ILUC from biofuels have been studied, 

knowledge cannot be directly transferred, as the market and (some of) the policy 

dynamics are different. Even if it could, knowledge on ILUC is also sparse and no 

solid method to include these effects in policy exist, and a number of problems with 

the existing model of using ILUC factors can be identified (as is presented below). 

Thirdly, the impacts of indirect effects are highly uncertain. Not only is the datasets, 

which could be used to model these effects highly uncertain (e.g. FAOSTAT is 

often based on estimates), but uncertainties that are more fundamental exist. What 

Plevin et al. (2010) term epistemic uncertainty, which can be understood as 

uncertainty regarding the relationship between the processes being modelled and 

the usefulness of the models, could be used to characterise the science of 

determining indirect effects. Using a framework presented in Upham et al. (2011), 

where uncertainty is presented on a five-level scale, from uncertainty about the 

outcome (level 1) to complete uncertainty (level 5), the uncertainty of indirect 

effects could be classified as belonging to level 4, "uncertainty about the implicit 

assumptions." This implies that the underlying scientific knowledge is questioned. 

This has been the case for ILUC. For instance, Finkbeiner (2013; 2014a, 2014b) is 

very critical of ILUC and the science of assessing ILUC effects, and as mentioned 

in the introduction to the study, several "debates" have taken place in the literature 

(e.g. Kim & Dale, 2011 had to widely defend their paper on ILUC). A less critical 

view of the uncertainty regarding indirect effects is to argue that the uncertainty 

should be classified as level 3, "uncertainty about the model." Arguably, this could 

be used to describe part of the debate, mostly concerning ILUC, where several 

mostly economic models to predict ILUC exist, but where uncertainty exist about 

which of these that are the most correct (or the least wrong). However, 

acknowledging that the knowledge of indirect (GHG) effects of wood pellet demand 

is still in its infancy, a more sceptical approach is to argue that the uncertainty 

should be classified as level 5. This entails 'complete uncertainty', or "we do not 

even know what we do not know," or "the unknown unknowns" (Upham et al., 

2011) a concept that entered popular science in Nassim Taleb's book "The Black 

Swan" (Taleb, 2007 (reference to Taleb (2007) also in Upham et al., 2011)). 

The problem with ILUC factors 

An approach to account for indirect effects is to account for these using ILUC 

factors. These are calculated using economic models, and are the most common 

form of internalisation of indirect effects. However, these factors do have some 

intrinsic problems, which warrant further analysis. 

1 Firstly, the factors are based on economic models, which means the value 

calculated will be uncertain, due to numerous uncertainties concerning e.g. 

data quality and price elasticity, and the assumptions made (which could be 
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classified as at least level 2 uncertainty "uncertainty about the parameters," 

using Upham et al.'s (2011) classification). These aspects are discussed in 

several articles, e.g. Bauen et al. (2010), Wicke et al., (2012), Broch et al. 

(2012). 

2 Secondly, as the factors are based on economic models, they reflect what 

could happen to markets, given the assumptions made, if production of the 

good in question changed by a given amount. As such, they are not based on 

actual data and cannot tell what LUC actually occurred because of changes in 

consumption of the good in question. 

3 Thirdly, a point which is rarely raised is the fact that due to market forces, 

adding an ILUC factor to a specific product will decrease demand for this 

product, which itself will change the ILUC factor (Wicke et al., 2012). Similar to 

this, increasing demand for a product will most likely increase the ILUC factor 

of this product (Bauen et al., 2010). Furthermore, changes to agriculture, 

forestry and bioenergy markets can change the ILUC factor of the given 

product (Wicke et al., 2012). This means that, strictly speaking, an ILUC factor 

is rendered obsolete as soon as it is applied. Therefore, ILUC factors would 

technically have to be updated on regular basis in order to reflect the changes 

to markets, caused by the introduction of ILUC factors (the question is then: 

how often?). As an ILUC factor is dependent on demand, would the factor 

then have to be updated if the demand went above (or below) a certain 

threshold? (Bauen et al., 2010). 

4 Fourth and finally, the factor only takes into account ILUC, while not including 

other indirect effects. 

Leaving these caveats aside and dealing with the indirect effects of wood pellet 

demand by adding an ILUC factor to wood pellets would have the advantage of 

incentivizing the use of feedstocks (or areas) that carries a low risk of indirect 

effects (Marelli et al., 2010), such as low-grade wood and harvest residues. To 

make an ILUC factor effective, traceability is needed, which in and off itself would 

be a good thing, as it would enable transparency in the supply chain and the option 

to shut down those supply chains with the worst impacts on climate change, 

biodiversity or other aspects. Naturally, the drawbacks would be similar to the ones 

mentioned above. However, one must keep in mind that due to the 'wicked' nature 

of indirect effects, dealing with these problems can often lead to unforeseen 

consequences. For instance, one could imagine that adding an ILUC factor for, 

say, Roundwood, would induce pellet mills to aggressively source residues, which 

might lead those users currently using residues to use Roundwood. 

Further to this, one can speculate whether introduction of ILUC factors, or other 

'penalties' to deal with indirect effects, constitute a violation of trade rules, as they 

implicitly discriminate certain bioenergy products due to how they are produced 

(Goetzl, 2015). Under the World Trade Organization (WTO), barriers to trade, such 

as an ILUC factor, are only allowed under certain circumstances. Under Article XX, 

trade measures are permitted to "protect human, animal or plant life or health." 

(WTO, 2015). Discrimination with regards to 'Process and Production Methods' and 

Article XX exceptions is heavily discussed in literature and has been subject to two 

prominent cases (the "Tuna-Dolphin" and the "Shrimp-Turtle" cases). Regarding 



 

 

   

  

 70  UNINTENDED OR UNANTICIPATED CONSEQUENCES? 

 C:\Users\SLBA\Documents\Privat\Speciale\Paper_final.docx 

wood pellets, the question arises whether adding an ILUC factor (or sustainability 

criteria for that matter) could be considered discrimination, as the pellets by all 

other measures (size, shape, energy content, etc.) could be considered identical. 

Provided demand increases and trade in wood pellets become increasingly 

important, countries with large forest reserves will probably take an interest in this 

trade (the US has done so already), and should those countries be subjected to an 

(arbitrary) ILUC factor, would likely challenge this (Goetzl, 2015). With this in mind, 

ideally the method developed would be able take the indirect GHG effects into 

account without violating trade/WTO law. 

Data availability 

Determining the size of trade with biomass pellets in a historical perspective is 

tricky, since a customs classifications code for biomass pellets (HS code 440131) 

have only been added by the World Customs Organization in January 2012, while 

the EU provided a classification (CN code 4401.3020) to intra EU trade in 2009. 

This means that data on EU trade can be traced back to 2009, while global trade 

has only been recorded since 2012. Before this, pellets were grouped in 

HS440130, which also include sawdust, fire logs, and other waste products 

(Lamers et al., 2012; Goetzl, 2015), thus making it difficult to determine the size of 

the global pellet market. This common classification has made analysis easier, and 

will be important with regards to future models or methods to deal with indirect 

effects. 

Reportedly, data from large databases, such as FAOSTAT, Eurostat and 

UNCOMTRADE do not perfectly align with each other (Lamers et al., 2012), and 

definition and categories differ across the data sets, making comparison difficult. 

Furthermore, inconsistencies have also been found within single datasets, e.g. 

data on Danish consumption is not reported in Eurostat data for 2012, and values 

for the Netherlands seem off for 2011 (though this has not been assessed in 

detail.) While these inconsistencies are potentially important to the results, these 

inconsistencies and differences have not been analysed in further detail, as this is 

outside the scope of the paper. It must, however, be noted and should be subject 

to further research, given that precise and accurate data will be needed to correctly 

account for any indirect GHG effects of wood pellet consumption for energy 

generation. 

In an expert consultation on ILUC hosted by the EC, participants agreed that large 

uncertainties in datasets exist (Marelli et al., 2010), notably between two datasets 

(Winrock and Woods Hole Research Center) that contain data on above- and 

below-ground carbon stocks (Sanchez et al., 2012). What is perhaps more 

problematic is that the nature of these uncertainties "are not always known" (Marelli 

et al., 2010, p. 30). In their study, Saikku et al. (2012) found that the highest 

uncertainty with regards to the ILUC effect found was related to the conversion 

factors for land (C/ha) used for various land cover types. The same was the case in 

the study conducted by Overmars et al. (2011). In their review, Broch et al. (2013) 

note that the type of land assumed to be converted also led to large differences in 

results, and, furthermore, that the way in which the emissions factors were applied 

contributed to differences in results “even for studies that use the same database” 

(Broch et al., 2013). Thus, better data sets on carbon stock are needed, i.e. data 

which is both accurate and precise is needed, and if this is not feasible, at least 

information on what the imprecision or inaccuracy concerns. 
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Furthermore, the difference in results depending on type of data and application of 

this suggests that EC should settle on a specific dataset to account for emissions 

from land use change, and provide guidelines on how to use it. Alternatively, one 

could use default values for land conversion GHG impact for three different 

scenarios; low, medium and high. While this might not be the optimal solution from 

a scientific point of view, it would ensure that comparison of various fuels and fuel 

sources, as well as studies, would be possible. Other elements of uncertainty in 

modelling not discussed in any great detail here include the impact of tariffs and 

other trade barriers (e.g. subsidies), the location of marginal agricultural land use 

change, productivity of new land, time accounting of carbon emissions, and albedo 

changes (Yeh & Witcover, 2010; Gibbs et al., 2010; Plevin et al., 2010; Schmidt et 

al., 2015; Agostini et al., 2013). 

An example of currently available datasets or types of data, which can be used to 

account for the indirect effects of land use change, is shown in Figure 34. To move 

from a conceptual depiction, as is given here, to a quantification the exact 

relationships between the various process steps must be known. Regarding ILUC 

in this study, information on the amount of agricultural land lost to plantation (which 

could theoretically be found using land use data for the given region, economic 

models, satellite data or field observations) was not available, meaning that no 

figure on for total emissions following from ILUC could be calculated. 

 

Figure 34. Datasets and other information available for various process steps in the conceptual 

model for ILUC. 

Concerning IWUC, information about the raw material used by pellet factories 

would be needed in order to determine the amount of raw material no longer 

available for other industries. Through calculating wood paying capacities and 

knowing price elasticities, the amount of material displaced could be found. An 

example of data needs for IWUC is given in Figure 35. 
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Figure 35. Data requirements for the conceptual model for IWUC. Note that this is data, which 

would facilitate the quantification of IWUC effects, and that the exact data need 

would depend on the model created. 

Concerning IFMC, field data from the markets in question, as well as general 

harvest levels and output would be required to determine whether any indirect 

changes had taken place. Concerning all of these effects, establishing causality is 

the problem, as it often is only possible to point out potential correlations between 

changes in wood pellet demand and any observed changes in raw material use or 

harvest rates. 

Potential models 

Overall, modelling indirect effects is extremely difficult. Due to the 'Wicked Problem' 

nature of the issue, it is fraught with uncertainties, and interplay and 

interdependency between multiple indirect effects likely exist. Furthermore, it 

suffers from such problems as poor quality data or lack of data (as discussed 

above), treatment of time issues and biogenic carbon, allocation (between co-

products), trade patterns, technological and political developments, and multi-

causality (Broch et al., 2013; Sanchez et al., 2012; Wicke et al., 2012; Australian 

Government, 2007).  

Importantly, the model requirements depend on the spatial and temporal resolution 

used for analysis (Wicke et al., 2013). As RED builds on a LCA-style approach in 

which a single supply chain is looked at, the conceptual models of indirect effects 

should ideally be deterministic rather than economic, and able to predict the effect 

in that specific chain. Rather than seek to predict the indirect GHG effects of 

increased demand using economic variables, the model should use actual 

consumption, trade and emissions data to calculate what actually happened due to 

wood pellet demand for given supply chain, in order to assign values of the indirect 

effects to this chain. Note that Biograce is used for compliance, and thus is 

backwards looking, as opposed to forward looking partial equilibrium models. In a 

perfect world, the exact emissions resulting from indirect effects due to demand 
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from a specific supply chain could be calculated. However, this is most likely not 

possible due to, inter alia, difficulties in establishing causality, as well as data 

uncertainty and insufficiency. 

However, it should also be recognized that a RED-adherent, ALCA-style approach, 

such as Biograce II, might not be the correct modelling approach to take when 

seeking to account for indirect effects. This is argued by Plevin et al. (2014), who 

suggest that due to "simplifications inherent in ALCA, the method, in fact, is not 

predictive of real-world impacts on climate change, and hence the usual 

quantitative interpretation of ALCA results is not valid." Instead, they suggest to 

use a consequential approach (CLCA). The results presented here and the 

discussions on modelling efforts would also point towards ALCA not being an 

optimal approach, with the important caveat that current CLCAs neither are able to 

account for many of the indirect effects discussed here. While a discussion of pros 

and cons of ALCA and CLCA for indirect effects is outside the scope of this (see 

e.g. the scientific 'debate' between Finkbeiner (2014a; b) and Schmidt and Muñoz 

(Muñoz et al., 2014; Schmidt et al. (2015)). The question here is therefore, whether 

in fact an altogether different modelling and accounting approach (or even policy 

approach) for indirect effects is needed. 

Leaving aside considerations of RED and Biograce, developing a global economic 

model, which will provide an imperfect, but greater-than-zero number for indirect 

effects (similar to ILUC factors) is proposed by e.g. Agostini et al. (2013). The 

model should ideally be able to predict carbon stock changes in the forest (i.e. 

increase or decrease in forest stock) (ILUC/IFCM), land use changes resulting from 

the change in forest stock (ILUC), changes to harvests (IFMC), raw material 

displacement effects (IWUC) and, potentially, energy substitution effects (IFUC) as 

a result of policy changes (Agostini et al., 2013). The requirements of such a model 

is further discussed in Agostini et al. (2013) and Lamers & Junginger (2013).  

Due to the 'wicked' nature of these problems, however, such a model would not 

necessarily be able to correctly account for indirect effects, as unforeseen changes 

to the market or unforeseen indirect effects could arise as a result of action taken 

on the basis of model results. Therefore, the issue of indirect effect should be 

tackled on several fronts, working with global models to estimate the potential 

scale of the problem, with supply chain models to assess the impact of a given 

product and assign a value to this, and keeping in mind that policy initiatives, such 

as quotas, might be needed to reduce the scale of the problem. 
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7 Discussion 

This chapter discuss the results presented in the previous two chapters (Chapter 5 

and 6), and provide perspectives to future policy and research issues where 

relevant. 

7.1 Defining and assessing indirect effects of wood 
pellets 

To create the conceptual models of indirect effects of wood pellets, this study drew 

on studies of ILUC, mostly concerning biofuels, as well as market studies and 

models discussing leakage resulting from wood pellet demand. Further, the wood 

products market, as illustrated in e.g. Figure 6 and Figure 9, was taken into 

account. The indirect effects of increased wood pellet consumption, as 

conceptually presented (see Figure 2, Figure 3, and Figure 4) and as assessed 

above, should not be understood as completely separated from each other. Being 

indirect, the link between cause and effect can be difficult to establish (or multi-

causal, c.f. the wicked problem), and defining whether an effect is ILUC or IWUC is 

sometimes not immediately clear. Therefore, the effects should be seen as a way 

to understand the complex interactions happening in the wood pellet and broader 

wood products market, and can be used as a starting point for discussing, 

assessing, and quantifying the indirect (GHG) effects of wood pellet consumption. 

A conceptual illustration of this is provided in Figure 36. 

 

Figure 36. Conceptual illustration of the interplay between various indirect effects. ILUC, IWUC 

and IFMC denote the effects assessed hitherto, while IFUC denote the effect 

presented, but not assessed. IXXX denote potential indirect effects, which have 

not been presented or assessed in this paper. Author's own illustration. 
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The scale of the issue 

Venturing into relatively unknown land, the assessment on the GHG impact of 

indirect effects suffered from lack of information concerning many of the identified 

indirect effects. As concerns ILUC, studies have so far exclusively focused on 

ILUC of biofuels, and therefore, no estimate of the actual scale of the ILUC 

problem was provided. Therefore, previous experiences with conversion of forest 

and agricultural land, compared to the demand increases expected, was used to 

make plausible the presence of ILUC. Concerning the location of plantations, it was 

shown that these would likely be established in the US (and EU) under more 

conservative demand increase scenarios, while plantations could be established in 

developing countries at higher demand scenarios. The location of agricultural land 

displaced as a result of plantations in EU and US was not discussed in detail, and 

in general this study refer to studies on ILUC for biofuels, as concerns the location 

of marginal agricultural land expansion. 

Concerning IWUC, two separate assessments where presented. While these could 

have been presented in the same section, they were divided for the sake of 

presenting first the assessments of wood industry residue availability globally and 

in the case study area. While the lack of data again posed a problem to presenting 

quantitative figures, it was shown that residue availability meant that pellet 

production had not (up until present) and will not (towards 2020 and ahead) be 

able to meet demand for wood pellets, globally nor in the case study region. The 

implication of this is that the upper half of the conceptual illustration of IWUC 

(Figure 3) can only provide part of the demand, and that the important changes are 

then likely to concern the lower part of the IWUC illustration. 

The assessment of the use of Roundwood (or what was in more general terms 

labelled 'non-residue feedstock') forms the backbone of the assessment of indirect 

effects. Drawing on market studies, likely leakage effects and the changes to 

supply chains was shown. The assessment of wood paying capacity showed that 

use of non-residues can take place due to the raw material cost being lower than 

the marginal cost of production. The data on this is relatively scarce, and more 

market data, as well as better information on the breakdown of costs for wood 

pellet producers could serve to substantiate the assessment. 

As information on the actual feedstock of wood pellet plants was not available, the 

assessment worked from the assumption that plants not explicitly stating otherwise 

was using non-residue material for production of wood pellets. This assumption 

built on literature and data provided, but further analysis, as well as more data, 

could shine further light on this assumption. The case study presented a simple 

quantitative assessment of the potential scale of forest impacted as a result of 

wood pellet production and consumption. Crude as it may be, it serves to show that 

indirect effects are likely, but the data upon which this build is scarce and further 

research is arguably needed to test results. 

Finally, the assessment of IFCM presented the case that changes to forest 

management resulting from wood pellet demand, would result in changes to the 

GHG emission profile of the final pellet. The scientific argument for this is strong 

and presented using several sources, and market models highlight that these 

changes are likely to take place. Unfortunately, however, no quantitative estimate 
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of the potential impact of these changes on wood pellet GHG emission profiles 

could be presented, due to lack of data. 

While the overall assessment lack quantitative estimations of potential effects, it 

served to clarify that the indirect effects debated so far only for biofuels also 

concern the production of wood pellets. 

7.2 Indirect effects as a scientific issue 

Having defined and sought to assess three relevant indirect effects (ILUC, IWUC, 

IFMC), and outlined that dealing with indirect effects is difficult, in that it can be 

considered a wicked problem (a solution is difficult to define, the effects have many 

interdependencies and are potentially multi-causal), the question of whether to 

include these effects in policy arises. This question can be tackled using a game 

theoretical approach, which can be seen in Table 3 below. Note that a similar 

approach was taken by Stern (2007) in his famous report on the economic 

consequences of climate change. In all but one scenario, some kind of error 

occurs; the question then becomes how to make the error as small as possible. In 

other words, which of the scenarios should be avoided and which should be 

preferred. 

Table 3. Game theoretical approach to wood pellets and indirect effects. Viewing the problem of 

indirect effects using this approach means that essentially two options for 

regulation exist, and that they carry with them four potential outcomes. 

 Take indirect effects into account Do not take indirect effects into 

account 

Indirect effects take place Error of misestimation Type I error (too much demand 

for wood pellets) 

Indirect effects do not take 

place 

Type II error (too little demand for 

wood pellets) 

OK 

Table partly after Gawel & Ludwig (2011), p. 847. 

 

7.2.1 The Precautionary Principle 

In the EU, policymaking has historically been conducted taking into account the 

precautionary principle (see e.g. COM(2000)1). This has historically been 

preferred, as scientific uncertainty has been regarded as not enough to justify 

inaction. This has been the case although developing policies in the presence of 

scientific uncertainty “may lead to inefficient or counterproductive methodologies” 

(Cherubini & Strømman, 2011, p. 446) (and keeping in mind that "attempts to 

address wicked problems often lead to unforeseen consequences" (Australian 

Government, 2007)). The argument voiced for inaction on indirect effect is that the 

uncertainty range is too large, and that effects should not be included until the 

methodology is scientifically valid and robust (Broch et al., 2013). 

The ILUC Impact Assessment on biofuels, however, indicated that “if action is 

required, indirect land-use change should be addressed under a precautionary 
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approach” (SWD(2012)343, p. 29). Although this refers to biofuels (and only ILUC), 

it must be assumed that the argument is also valid for wood pellets. This point 

towards the need to extend the analytical tools used to estimate the lifecycle GHG 

emissions of wood pellets to include indirect effects (Liska & Perrin, 2009), thus 

making a type II or misestimation error. As the assessment here have shown that 

indirect effects likely take place because of wood pellet consumption for energy 

generation, this means that the most likely outcome is to make an error of 

misestimation. It is worth noting that if indirect effects of wood pellets are is 

included in assessments of the total life cycle GHG emissions, this should ideally 

also be done for fossil fuels to enable comparison (and thus benefits of one over 

the other)15. 

7.3 Reducing indirect effects of wood pellets 

While not as pessimistic as e.g. Searchinger & Heimlich (2015), who argue that 

broader utilization of bioenergy would lead to massive food insecurity while not 

meeting energy demands; this paper does acknowledge that some challenges 

exist for wood pellets to become a sustainable energy source. 

An objective of this paper was to identify and, to the extent possible, assess, 

indirect effects wood pellet consumption for energy generation. Indirect effects, 

possibly leading to increased GHG emissions (or less benefits), can be found and 

must be accounted for in future bioenergy scenarios. Despite uncertainty regarding 

the scale of these, the presence of these can no longer be questioned, and as 

such, strategies to minimize the indirect effect should be considered, as they can 

reduce or potentially undermine the policy objectives. A discussion of potential 

mitigation measures is outside the scope of this paper, but include targeting 

several scientific and political aspects. These include (IEA, 2009; Bauen et al., 

2010; IEA, 2012; Keegan et al., 2013; McKechnie et al., 2014; Aguilar, 2014; 

NRDC, 2014; Searchinger & Heimlich, 2015; van Hilst et al., 2015; UNECE & FAO, 

2015;): 

› adjusting accounting rules under LULUCF, 

› using lower carbon stock areas for biofuel feedstock cultivation (e.g. ensure 

that plantations are only/mostly established on degraded or marginal land), 

› ensure that all converted land remains productive for a long time period, 

› ensure that wood pellets replace the most carbon intensive fuels, 

› use salvaged wood from beetle-infested pine forests rather than high-quality 

pulpwood, 

› increase the use of waste and non-utilized residues, 

› enact supply chain policies, 

› align bioenergy policies with agriculture and rural development policies, 

› increase the cascading use of wood resources, and 

                                                      
15 For instance, emissions from military security needed to acquire and protect fossil fuels, changes to 

the type of fossil fuel used (e.g. from conventional oil to tar sands), and removal of vegetation to acquire 

the fuel (as in the case of tar sands) are not included in these estimates. Liska & Perrin (2009) found 

that allocating part of US military emissions to Middle Eastern fossil fuel could "raise the GHG intensity 

of gasoline from this source by roughly two-fold." In the review by Agostini et al. (2013) it was also found 

that in "practically all of the studies analysed, the fossil reference system (e.g. coal or natural gas) is 

kept constant and unchanged for the whole duration of the analysis (even centuries)." These aspects 

have also received limited attention in literature, but will not be further explored here. 
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› implement internationally agreed "sustainability criteria, indicators and 

assessment methods for bioenergy" (IEA, 2012), 

 

As concerns the first bullet, the issue of ILUC could become less relevant if AFOLU 

accounting was implemented on a global scale (i.e. also implemented in current 

non-Annex I countries), since LUC would be included in national emission reports, 

and all emissions accounted for (SWD(2012)343). This would not change the fact 

that biogenic carbon would still present an issue, especially in the case of boreal 

forests used for bioenergy. Furthermore, it also would not negate indirect effects 

altogether. Demand increases could still shift production to other markets (IWUC) 

and intensification of harvest could still take place (IFCM), thus indirectly leading to 

greater emissions. 

In terms of the final bullet, it must be mentioned that several forest certification 

schemes (e.g. Forest Stewardship Council (FSC), Sustainable Forestry Initiative 

(SFI), Program for the Endorsement of Forest Certification (PEFC), Green Gold 

Label, etc.) exist. In addition, absent EU action, industrial pellet buyers (mainly 

utilities) have developed a certification framework for wood pellets called 

'Sustainable Biomass Partnership' (SBP), the aim of which is "to provide assurance 

that woody biomass is sourced from legal and sustainable sources." (SBP, 2015). 

As many forests in US Southeast is certified under SFI for paper production, EU 

sustainability criteria, e.g. similar to those published by SBP, could help keep 

forests certified and under management plans. This could be needed as very few 

privately owned forests in the region are certified or under a management plan 

(Kittler et al., 2012), and a demand for wood pellets requiring certification would 

provide an incentive for this. 

 

7.4 Further research 

Implications for academia 

As evident from this paper, numerous challenges in assessing and quantifying 

indirect effects exist, and this paper should be seen merely as a first poke at 

assessing these. 

The assessment showed that statistical and other data sources should be 

improved upon to better facilitate their use in assessing or quantifying indirect 

effects, including making available data on raw material used by pellet plants. 

Furthermore, knowing that at least three indirect effects exist, further work on how 

to include these in either a global economic model or a supply chain accounting 

approach is needed. This work on developing a scientifically robust methodology 

able to account for at least part of these indirect effects constitute the most 

pertinent research problem with regards to wood pellet use for energy generation. 

When work on this have been undertaking, review to test the differences in results 

from applying different approaches should be undertaken. 

Leading on from the work undertaken here, further case studies should be 

undertaken to explore whether other indirect effects exist and to further our 
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understanding of the herein defined effects. Case studies could also be used to 

validate or quantify the indirect effects identified. 

As concerns IWUC, studies on risks of leakage and raw material displacement, 

and especially the GHG emissions that this could give rise to, deserve further 

attention. Leading on from this, studies that can help establish causality between 

demand changes and resulting impacts could be useful. Here, econometric 

assessment to assess the importance of each variable could be a valuable 

addition. 

Implications for policy-makers 

The existence of indirect effects coupled with the current surge in demand point to 

a need to address the question of indirect effects politically. This becomes 

especially pertinent when taking into account that the increasing demand for wood 

pellets is a result of a policy aiming for a reduction in GHG emissions. Indirect 

effects of wood pellet demand also include effects on ecosystem services, 

biodiversity and water, and could increasingly become a problem with growing 

demand. This concern is also voiced in the US, and some environmental NGOs 

have released a petition to stop US export of wood pellets to the EU (Birdlife, 

2014). These legitimate concerns signal that besides indirect carbon effects, the 

EU should take steps to ensure that these unwanted indirect effects become as 

few and insignificant as possible. Furthermore, keeping in mind that EU through 

ratification of international Conventions and in internal policies have set other 

complimentary environmental and sustainability policy objectives (e.g. a reduction 

in deforestation, biodiversity protection, and the development of an efficient circular 

economy), the potential scale of these effects as a political problem become 

evident. 

As industry respond to policy incentives, and prefer policy settings that enable 

them to plan ahead making long-term investments, these indirect effects could 

persist for a long time. This is, for instance, due to the fact that energy producers 

have committed to conversion of facilities to burn wood pellets, and these 

investments last several decades: 

› "Utility providers such as Drax and DONG continue to make substantial 

infrastructural investment to burn biomass for heat and such a commitment is 

unlikely to be abandoned or reversed in 2027, especially as the projected US 

South wood pellet production (and European demand) continues to rapidly 

rise." (Greene, 2015). 

However, European utilities are aware of the potential problems posed by the use 

of wood pellets, hence the creation of the SBP, knowing that indirect effects could 

not only harm the climate or impact on biodiversity, but could also pose potential 

public relations risk to the companies: 

› "European bioenergy companies often view biomass sustainability as the 

largest unquantified risk in their supply chain" (Kittler et al., 2012). 

It is therefore also in the interest of industry to ensure that these indirect effects are 

taken into account, one way or the other, be it through modelling (global or supply 

chain) or through other means. Notably, some industries are acknowledging the 



 

 

   

  

 80  UNINTENDED OR UNANTICIPATED CONSEQUENCES? 

 C:\Users\SLBA\Documents\Privat\Speciale\Paper_final.docx 

presence of these effects (e.g. in DONG Energy's publication on "Energy 

Programme for Sustainable Biomass Sourcing" (DONG Energy, 2014) ILUC and 

IWUC effects are both mentioned), and action from their side could likely help in 

mitigating the worst of these effects. 
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8 Conclusion 

This thesis has argued that at least three indirect effects of wood pellet 

consumption for energy generation exist, indirect land use change (ILUC), indirect 

wood use change (IWUC), and indirect forest management change (IFMC), and 

that these effects affect the perceived GHG emission benefits of substituting fossil 

fuels for wood pellets. The increase in demand for wood pellets was shown to 

largely result from the introduction of the RED in Europe and related national 

policies favouring the use of solid biomass over fossil fuels for energy generation. 

As the policy objective of RED is to reduce GHG emissions, this thesis argued that 

the GHG emissions resulting from these indirect effects should be included when 

accounting for the GHG emission benefits of substituting fossil fuels for wood 

pellets in the energy system. To fulfil the research objectives, three research 

questions were identified. 

1 In the context of wood pellets, which indirect effects have been identified, and 

how can various scientific approaches to indirect effects be synthesized in a 

set of well-defined effects that can be backed-up by available science? 

The research undertaken in this thesis identified three indirect effects, ILUC, 

IWUC, and IFMC, which can result from wood pellet demand for energy 

generation. Building on scientific evidence, mostly concerning ILUC for biofuels, 

economic models, and the supply chain dynamics of the wood industry, it 

articulated how these can be understood and presented them conceptually.  

It was furthermore shown that these effects are not well defined, and have so far 

received limited attention in literature and policymaking. Therefore, little information 

on indirect effects besides ILUC for biofuels were found, but the effects were 

substantiated drawing on research from the area of economics and studies on the 

supply chain of wood pellets and the wood industry in general. 

2 Using available data sets and literature, what does a qualitative and 

quantitative assessment of the identified indirect effects of wood pellet use for 

energy generation show concerning GHG emissions? 

With limited information available, there was a need to set the scene for the 

assessment of indirect effect. Therefore, the change in production, consumption 

and trade of wood pellets since the introduction of RED, as well as the expected 

changes in the coming years were presented. This showed that increased 

production of wood pellets can be expected, especially in the US Southeast, which 

was therefore selected as a case region, and that the demand for pellets largely 

arise in Europe and other countries with policies favouring the use of solid 

biomass. The consumption increase was shown to be rapid, underscoring the need 

to consider any unintended or unanticipated consequences. 

Building on available literature and data, this thesis then provided a first qualitative 

and, whenever possible, quantitative assessment of these indirect effects. While 

evidence is limited in some regards, there was an indication that these effects are 

greater than zero, i.e. they will have an impact of the GHG emission benefit of 

wood pellet use for energy generation. However, it was acknowledged that it is 
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difficult to quantitatively estimate these given the current literature and data 

availability. 

It was argued that wood industry residue will likely not be available in sufficient 

quantities to meet demand, and that non-residue feedstock such as pulpwood and 

other Roundwood therefore will be required for wood pellet production. It was also 

shown that the wood paying capacity and the supply chain requirements of the 

wood pellet producers and users facilitate the use of these normally more valuable 

resources. It was also argued that due to the demand being driven by policy, it is 

rather inelastic; this means that even under higher prices, large demands can be 

expected. The maximum marginal cost under two subsidy scenarios also showed 

that wood pellet producers can theoretically afford higher feedstock cost than 

current market prices for Roundwood. Furthermore, it was shown that increased 

demand could displace current production, and a first estimate of the potential 

scale of this displacement was provided. However, it should be noted that further 

evidence is necessary before the GHG impact of this displacement can be 

assessed. 

It was also shown that while increased harvest of forest residues can occur, these 

harvests are less likely to be used for wood pellet production due to e.g. impurities. 

This claim was supported by looking at feedstock demands from newly established 

plants, as well as previous industry behaviour, where Roundwood has been greatly 

favoured. 

The assessment also showed that more intense harvest might take place, and that 

this could affect the forest carbon stock. The implications of using Roundwood with 

regards to payback times was also assessed and it was shown that in a policy-

relevant time-perspective (i.e. one or more decades) the use of Roundwood for 

pellet production might actually lead to increased GHG emissions. 

Overall, these indirect effects were deemed potentially significant and likely to 

affect the GHG emission profile of wood pellets for energy generation, thus 

warranting their inclusion in accounting and modelling frameworks. 

3 Which options for taking into account indirect effects exist, and how can 

indirect GHG effects conceptually be accounted for in a model or method 

working within the legal and practical framework surrounding wood pellet use 

for energy generation? 

The currently most prominent approach for taking into account indirect effects, 

namely an ILUC factor calculated using an economic model, was presented and 

several problems concerning that method was elaborated upon. Given the 'wicked' 

nature of indirect effects, a number of problems and challenges remain before 

these effects can be accounted for in models. Due to data gaps and incomplete 

knowledge on the interdependencies and potential multi-causality of indirect 

effects, it was not possible to design a method or model able to conceptually 

account for these effects. Suggestions for data sources needed to quantify the 

three indirect effects already conceptualized was given, highlighting the need to 

make more, better (more precise and accurate) and different datasets available. 
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The research undertaken here showed that the science of accounting for indirect 

effects is incomplete and several knowledge gaps still exist; the uncertainty of 

indirect effects was assessed to be on level four, indicating uncertainty about the 

implicit assumptions. However, using a game theoretical approach and keeping in 

mind the EU tradition to conduct environmental policy with a view to the 

precautionary principle, this paper argued that the presence of indirect effects can 

be determined with enough certainty to warrant their inclusion in policy, especially 

given the current surge in demand and the policy objective of RED. 

The research undertaken here is useful to academia, as it shows that incomplete 

knowledge and significant uncertainty on a topic related to the concept of "ILUC of 

biofuels" discussed widely in academic circles since its introduction in 2008 exist. It 

also showed that for science and researchers to make a useful contribution to 

industry and policy makers on this, further research is needed, most urgently 

concerning the need to quantify the indirect effects of wood pellets, and secondly, 

to develop frameworks to take into account these effects. 

With industrial demand making up the biggest change in demand, the research is 

also important to industry. The paper has shown that indirect effects are likely, and 

potentially important, and thus warrant further consideration from industry. This 

include taking steps to ensure that resources used cause as little displacement as 

possible, for instance using waste wood. 

The research is useful to policy makers, as it shows that unintended and 

unanticipated consequences of a prominent policy, RED, exist. The indirect effects 

was shown to potentially put the objective of the policy, to reduce GHG emissions, 

at risk. Similarly, other environmental policy objectives, such as a reduction in 

deforestation or halting biodiversity loss, could be compromised. Therefore, these 

effects should be further discussed and, as far as possible, mitigated. While policy 

makers have already taken steps to ensure this with regards to biofuels, they 

should consider taking policy approaches for solid biomass, most notably wood 

pellets, as well. However, the research here argues against using an approach 

such as an ILUC factor, but to instead work towards addressing the underlying 

forces that drive these indirect effects. Identifying and discussing these is an 

important task for academia, policy makers and industry alike. 
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Appendix A Predicted consumption of solid biomass for electricity generation, EU MS NREAP 

 

Feedstock: Solid biomass Energy area: Gross electricity generation 

1 t wood pellet = 17.46 GJ Unit: t wood pellets 

MS 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

FR 688,866 929,072 1,011,340 1,093,608 1,303,918 1,514,433 1,724,948 1,935,464 2,145,773 2,356,289 2,566,804 2,777,320 

AT 516,907 851,753 854,021 856,701 860,206 864,742 870,722 878,144 887,629 899,794 914,845 934,021 

BE 313,608 0 0 0 0 0 0 0 0 0 1,780,412 0 

BG 0 0 10,309 18,144 32,990 61,237 101,031 103,299 103,299 104,330 104,330 105,979 

CY 0 0 0 0 0 0 0 0 0 0 0 0 

CZ 115,464 269,278 354,227 466,186 550,103 598,969 631,959 640,825 659,794 666,186 672,577 679,175 

DE 2,070,928 3,607,835 3,772,784 3,978,144 4,147,216 4,309,485 4,473,196 4,617,732 4,752,577 4,872,784 4,977,113 5,065,773 

DK 610,309 737,732 804,742 809,485 1,111,340 1,071,340 1,095,258 1,085,773 1,120,000 1,166,804 1,304,742 1,308,247 

EE 0 0 0 0 0 0 0 0 0 0 0 0 

EL 0 15,052 15,052 15,052 15,052 15,052 15,052 28,247 58,969 59,794 75,052 75,052 

ES 418,351 766,804 777,113 803,711 840,825 890,515 960,825 1,044,536 1,143,299 1,252,371 1,381,237 1,525,773 

FI 1,987,629 810,309 931,959 981,443 1,018,557 1,055,670 1,092,784 1,181,443 1,286,598 1,404,124 1,515,464 1,620,619 

HU 0 385,567 385,567 385,567 400,412 480,000 409,897 280,825 420,825 501,856 535,052 554,227 

IE 1,649 5,773 15,052 32,577 107,010 112,165 116,907 122,268 127,010 131,959 136,907 141,649 
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IT 716,907 981,031 1,045,773 1,110,515 1,175,464 1,240,206 1,304,948 1,369,691 1,434,433 1,499,381 1,564,124 1,628,866 

LT 619 20,206 23,711 33,196 55,876 85,773 109,897 129,072 153,196 167,010 167,010 167,010 

LU 0 5,155 7,423 9,278 11,134 13,196 15,876 19,588 24,536 30,928 35,258 39,175 

LV 1,031 1,649 4,948 10,103 20,412 40,825 55,876 66,186 81,031 92,165 109,485 132,371 

MT 0 0 0 0 0 0 0 0 0 0 0 0 

NL 981,031 1,052,165 1,158,763 1,574,639 1,937,938 2,163,299 2,307,010 2,339,381 2,371,753 2,404,330 2,436,701 2,469,072 

PL 276,289 1,175,258 1,381,443 1,587,629 1,690,722 1,793,814 1,845,361 1,896,907 1,948,454 2,000,000 2,051,546 2,103,093 

PT 192,577 225,155 235,052 244,948 286,186 302,680 302,680 302,680 302,680 302,680 302,680 302,680 

RO 0 9,897 79,381 144,330 197,938 247,423 298,969 346,392 367,010 382,474 397,938 402,062 

SE 1,536,495 2,167,629 2,294,021 2,420,206 2,546,392 2,672,577 2,798,763 2,925,155 3,051,340 3,177,526 3,303,711 3,429,897 

SI 16,907 30,928 31,340 32,165 32,577 32,577 56,082 58,144 61,856 63,711 63,711 63,711 

SK 5,567 111,340 117,526 123,711 134,021 144,330 149,485 154,639 159,794 164,948 170,103 175,258 

UK 896,289 1,134,021 1,230,928 1,369,072 1,453,608 1,546,392 1,647,423 2,076,289 2,560,825 3,065,979 3,616,495 4,245,361 

Grand 

Total 

11,347,423 15,293,608 16,542,474 18,100,412 19,929,897 21,256,701 22,384,948 23,602,680 25,222,680 26,767,423 30,183,299 29,946,392 

 

 

 

 



 

 

   

  

 100  UNINTENDED OR UNANTICIPATED CONSEQUENCES? 

 C:\Users\SLBA\Documents\Privat\Speciale\Paper_final.docx 

Estimation of total contribution (final energy consumption) expected from solid biomass in EU to meet the binding 2020 targets and the indicative interim trajectory for the shares of energy from 

solid biomass in heating and cooling 2010-2020 – converted to ton wood pellets 

Solid 

biomass 

Unit: t wood pellet  Original data in ktoe. Conversion factors used: 1 ktoe = 41868 GJ Source: https://www.unitjuggler.com/convert-energy-from-GJ-to-

ktoe.html); 1 t wood pellet = 17,46 GJ (Source: 

http://woodenergy.ie/media/coford/content/publications/projectreports/cofordconnects/ht21.pdf.)  

MS 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

FR 21,742,105 23,667,649 24,375,041 25,072,841 26,701,041 28,331,639 29,974,227 31,604,825 33,235,423 34,866,021 36,496,619 38,127,216 

AT 7,253,763 8,152,990 8,167,377 8,184,163 8,205,744 8,232,122 8,265,693 8,306,458 8,359,212 8,426,355 8,507,885 8,610,996 

BE 0 1,604,221 0 0 2,198,909 0 0 0 3,433,847 0 0 4,668,786 

BG 1,736,107 1,760,087 1,812,841 1,891,973 1,963,911 2,110,186 2,196,511 2,266,052 2,306,816 2,357,173 2,441,101 2,525,029 

CY 0 0 0 0 0 0 0 0 0 0 0 0 

CZ 3,239,614 4,090,882 4,366,645 4,613,633 4,817,458 4,956,538 5,124,394 5,244,291 5,385,769 5,467,299 5,548,829 5,635,155 

DE 16,291,592 18,022,903 18,442,542 18,859,784 19,279,423 19,696,664 20,116,303 20,384,872 20,655,839 20,924,408 21,195,375 21,466,342 

DK 4,110,066 5,222,709 5,342,606 5,347,402 5,862,959 5,791,021 5,817,398 5,819,796 5,776,633 5,745,460 5,927,703 5,922,907 

EE 1,210,959 1,467,538 1,491,518 1,501,109 1,501,109 1,501,109 1,501,109 1,493,915 1,484,324 1,474,732 1,465,140 1,455,548 

EL 2,280,439 2,426,713 2,481,866 2,537,019 2,592,171 2,649,722 2,704,874 2,776,812 2,750,435 2,805,588 2,851,148 2,930,280 

ES 8,251,305 8,512,680 8,579,823 8,656,557 8,872,371 9,176,909 9,584,559 10,035,371 10,531,744 10,972,965 11,452,553 11,630,000 

FI 13,068,763 6,498,412 6,978,000 7,289,732 7,505,546 7,721,361 7,913,196 8,176,969 8,488,701 8,776,454 9,160,124 9,447,876 

HU 0 1,947,126 1,901,565 1,865,596 1,848,810 1,856,004 1,918,351 2,203,705 2,443,499 2,635,334 2,781,608 2,937,474 

IE 422,037 450,812 508,363 621,066 683,412 750,555 868,054 944,788 956,777 975,961 1,031,113 1,086,266 

https://www.unitjuggler.com/convert-energy-from-GJ-to-ktoe.html
https://www.unitjuggler.com/convert-energy-from-GJ-to-ktoe.html
http://woodenergy.ie/media/coford/content/publications/projectreports/cofordconnects/ht21.pdf
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IT 3,906,241 5,289,852 5,769,439 6,292,190 6,862,899 7,483,965 8,162,581 8,903,544 9,711,649 10,591,693 11,550,868 12,598,767 

LT 1,642,588 1,575,445 1,668,965 1,740,903 1,844,014 1,973,503 2,040,645 2,146,155 2,287,633 2,326,000 2,328,398 2,333,194 

LU 38,367 0 0 57,551 71,938 0 0 105,509 119,897 0 0 0 

LV 2,668,905 2,429,111 2,525,029 2,644,926 2,649,722 2,659,313 2,731,252 2,810,384 2,887,118 2,961,454 3,057,371 3,220,431 

MT 0 0 0 0 0 0 0 0 0 0 0 0 

NL 1,294,887 1,374,019 1,388,406 1,402,794 1,417,181 1,433,967 1,448,355 1,469,936 1,493,915 1,515,497 1,537,078 1,558,660 

PL 0 9,222,470 9,282,419 9,327,979 9,397,520 9,479,049 9,582,161 9,874,709 10,191,237 10,457,408 11,016,128 11,116,841 

PT 4,280,320 3,630,478 3,652,060 3,676,039 3,661,652 3,647,264 3,632,876 3,618,489 3,604,101 3,589,713 3,572,928 3,558,540 

RO 0 6,697,441 6,716,625 7,090,703 6,987,592 6,848,511 6,999,581 7,097,897 7,447,996 7,805,289 8,503,089 9,220,072 

SE 16,766,384 18,703,918 19,089,986 19,478,452 19,864,520 20,252,986 20,639,054 21,027,520 21,413,588 21,802,054 22,190,520 22,576,588 

SI 961,573 995,144 1,028,715 1,059,889 1,093,460 1,127,031 1,158,204 1,165,398 1,172,592 1,179,786 1,186,979 1,191,775 

SK 856,064 1,062,287 1,103,052 1,151,010 1,198,969 1,246,928 1,294,887 1,342,845 1,390,804 1,438,763 1,486,722 1,510,701 

UK 1,182,184 731,371 875,247 1,064,685 1,321,264 1,671,363 2,167,736 2,784,006 3,712,008 4,920,569 6,630,299 8,661,353 

Grand Total 113,204,26

2 

135,536,26

0 

137,548,13

0 

141,427,99

4 

148,403,59

6 

150,597,70

9 

155,842,00

0 

161,604,24

5 

171,241,55

9 

174,015,97

3 

181,919,57

7 

193,990,79

8 
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Estimation of total contribution (final energy consumption) expected from solid biomass in EU to meet the binding 2020 targets and the indicative interim trajectory for the shares of energy from 

solid biomass in heating and cooling 2010-2020 – IN GJ 

Solid biomass Unit: GJ Original data in ktoe. Conversion factors used: 1 ktoe = 41868 GJ Source: https://www.unitjuggler.com/convert-energy-from-GJ-to-ktoe.html); 

MS 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

FR 379,617,156 413,237,16

0 

425,588,22

0 

437,771,80

8 

466,200,18

0 

494,670,42

0 

523,350,00

0 

551,820,24

0 

580,290,48

0 

608,760,72

0 

637,230,96

0 

665,701,20

0 

AT 126,650,700 142,351,20

0 

142,602,40

8 

142,895,48

4 

143,272,29

6 

143,732,84

4 

144,318,99

6 

145,030,75

2 

145,951,84

8 

147,124,15

2 

148,547,66

4 

150,347,98

8 

BE 0 28,009,692 0 0 38,392,956 0 0 0 59,954,976 0 0 81,516,996 

BG 30,312,432 30,731,112 31,652,208 33,033,852 34,289,892 36,843,840 38,351,088 39,565,260 40,277,016 41,156,244 42,621,624 44,087,004 

CY 0 0 0 0 0 0 0 0 0 0 0 0 

CZ 56,563,668 71,426,808 76,241,628 80,554,032 84,112,812 86,541,156 89,471,916 91,565,316 94,035,528 95,459,040 96,882,552 98,389,800 

DE 284,451,192 314,679,88

8 

322,006,78

8 

329,291,82

0 

336,618,72

0 

343,903,75

2 

351,230,65

2 

355,919,86

8 

360,650,95

2 

365,340,16

8 

370,071,25

2 

374,802,33

6 

DK 71,761,752 91,188,504 93,281,904 93,365,640 102,367,26

0 

101,111,22

0 

101,571,76

8 

101,613,63

6 

100,860,01

2 

100,315,72

8 

103,497,69

6 

103,413,96

0 

EE 21,143,340 25,623,216 26,041,896 26,209,368 26,209,368 26,209,368 26,209,368 26,083,764 25,916,292 25,748,820 25,581,348 25,413,876 

EL 39,816,468 42,370,416 43,333,380 44,296,344 45,259,308 46,264,140 47,227,104 48,483,144 48,022,596 48,985,560 49,781,052 51,162,696 

ES 144,067,788 148,631,40

0 

149,803,70

4 

151,143,48

0 

154,911,60

0 

160,228,83

6 

167,346,39

6 

175,217,58

0 

183,884,25

6 

191,587,96

8 

199,961,56

8 

203,059,80

0 

FI 228,180,600 113,462,28

0 

121,835,88

0 

127,278,72

0 

131,046,84

0 

134,814,96

0 

138,164,40

0 

142,769,88

0 

148,212,72

0 

153,236,88

0 

159,935,76

0 

164,959,92

0 

https://www.unitjuggler.com/convert-energy-from-GJ-to-ktoe.html
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HU 0 33,996,816 33,201,324 32,573,304 32,280,228 32,405,832 33,494,400 38,476,692 42,663,492 46,012,932 48,566,880 51,288,300 

IE 7,368,768 7,871,184 8,876,016 10,843,812 11,932,380 13,104,684 15,156,216 16,495,992 16,705,332 17,040,276 18,003,240 18,966,204 

IT 68,202,972 92,360,808 100,734,40

8 

109,861,63

2 

119,826,21

6 

130,670,02

8 

142,518,67

2 

155,455,88

4 

169,565,40

0 

184,930,95

6 

201,678,15

6 

219,974,47

2 

LT 28,679,580 27,507,276 29,140,128 30,396,168 32,196,492 34,457,364 35,629,668 37,471,860 39,942,072 40,611,960 40,653,828 40,737,564 

LU 669,888 0 0 1,004,832 1,256,040 0 0 1,842,192 2,093,400 0 0 0 

LV 46,599,084 42,412,284 44,087,004 46,180,404 46,264,140 46,431,612 47,687,652 49,069,296 50,409,072 51,706,980 53,381,700 56,228,724 

MT 0 0 0 0 0 0 0 0 0 0 0 0 

NL 22,608,720 23,990,364 24,241,572 24,492,780 24,743,988 25,037,064 25,288,272 25,665,084 26,083,764 26,460,576 26,837,388 27,214,200 

PL 0 161,024,32

8 

162,071,02

8 

162,866,52

0 

164,080,69

2 

165,504,20

4 

167,304,52

8 

172,412,42

4 

177,939,00

0 

182,586,34

8 

192,341,59

2 

194,100,04

8 

PT 74,734,380 63,388,152 63,764,964 64,183,644 63,932,436 63,681,228 63,430,020 63,178,812 62,927,604 62,676,396 62,383,320 62,132,112 

RO 0 116,937,32

4 

117,272,26

8 

123,803,67

6 

122,003,35

2 

119,575,00

8 

122,212,69

2 

123,929,28

0 

130,042,00

8 

136,280,34

0 

148,463,92

8 

160,982,46

0 

SE 292,741,056 326,570,40

0 

333,311,14

8 

340,093,76

4 

346,834,51

2 

353,617,12

8 

360,357,87

6 

367,140,49

2 

373,881,24

0 

380,663,85

6 

387,446,47

2 

394,187,22

0 

SI 16,789,068 17,375,220 17,961,372 18,505,656 19,091,808 19,677,960 20,222,244 20,347,848 20,473,452 20,599,056 20,724,660 20,808,396 

SK 14,946,876 18,547,524 19,259,280 20,096,640 20,934,000 21,771,360 22,608,720 23,446,080 24,283,440 25,120,800 25,958,160 26,376,840 

UK 20,640,924 12,769,740 15,281,820 18,589,392 23,069,268 29,181,996 37,848,672 48,608,748 64,811,664 85,913,136 115,765,02

0 

151,227,21

6 

Total 1,976,546,4

12 

2,366,463,0

96 

2,401,590,3

48 

2,469,332,7

72 

2,591,126,7

84 

2,629,436,0

04 

2,721,001,3

20 

2,821,610,1

24 

2,989,877,6

16 

3,038,318,8

92 

3,176,315,8

20 

3,387,079,3

32 
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Appendix B List of US Wood Pellet Plants 

 

Existing Plants: 

Company Plant Location Feedstock Capacity 

(Short tons 

per year) 

 Essex Pallet & Pellet  Keeseville, NY  Hardwood and Softwood  6,000 

 Fiber Energy Products AR 

LLC  

Mountain View, 

AR  

Hardwood  40,000 

 Fiber Recovery Inc,  Ringle, WI  Hardwood  75,000 

 Fiber Resources Inc,  Pine Bluff, AR  Hardwood  50,000 

 Forest Energy Corp,  Show Low, AZ  Softwood  62,000 

 Frank Pellets  Mill City, OR  Softwood  21,000 

 Go Green International Inc,  Paige, TX  Forest Thinnings  220,000 

 Associated Harvest Inc,  La Fargeville, NY  Hardwood  8,000 

 Gulf Coast Renewable 

Energy  

West Monroe, LA  Hardwood and Softwood  60,000 

 Hassell & Hughes Lumber 

Company  

Collinwood, TN  Hardwood  30,000 

 Hearthside Wood Pellets  Stamford, NY  Hardwood  700 

 Henry County Hardwoods Inc,  Paris, TN  Hardwood  40,000 

 Horizon Biofuels Inc,  Fremont, NE  Hardwood and Softwood  20,000 

 Isabella Pellet  Lake Isabella, MI  Hardwood and Softwood  25,000 

 Jensen Lumber Co,  Ovid, ID  Softwood  15,000 

 Barefoot Pellet Company  Troy, PA  Hardwood/WasteWood  45,000 

 Snow Timber Pellets LLC  Hurley, WI   15 

 American Pellet Company  , MI  Hardwood and Softwood  12,000 

 Enginuity Worldwide LLC  Mexico, MO  Corn Stover/Miscanthus  6,000 

 Appalachian Wood Pellets  Kingwood, WV  Hardwood  Undisclosed  

 Wood Pellet Coop  Pierz, MN  Hardwood  Undisclosed  
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 Wood Pellets C&C Smith 

Lumber  

Summerhill, PA  Hardwood  36,000 

 Woodgrain Millwork Inc,  Prineville, OR  Softwood  Undisclosed  

 Lee Energy Solutions  Crossville, AL  Hardwood  110,000 

 Blue Mountain Lumber 

Products  

Pendleton, OR  Hardwood and Softwood  20,000 

 Confluence Energy-

Kremmling  

Kremmling, CO  Softwood  90,000 

 Confluence Energy-Walden  Walden, CO  Softwood  120,000 

 Corinth Wood Pellets LLC  Corinth, ME  Hardwood and Softwood   

 Dejno's Inc,  Kenosha, WI  Hardwood and Softwood  40,000 

 Enviro Energy LLC  Unadilla, NY  Mixed Grass/Weeds  1,800 

 Environmental Energy 

Partners LLC  

Silver Plume, CO  Softwood  18,000 

 Log Hard Premium Pellets 

Inc,  

Spartansburg, PA  Hardwood   

 Maine Woods Pellet 

Company  

Athens, ME  Hardwood and Softwood  105,000 

 Mallard Creek Inc,  Rocklin, CA  Softwood  120,000 

 Manke Lumber Company  Tacoma, WA  Douglas Fir  38,000 

 Michigan Wood Fuels  Holland, MI  Hardwood  50,000 

 Northeast Pellets LLC  Ashland, ME  Hardwood and Softwood  40,000 

 O'Malley Wood Pellets  Tappahannock, 

VA  

Hardwood  40,000 

 Pacific Pellet LLC  Redmond, OR  Hardwood  40,000 

 Patterson Wood Products Inc,  Nacogdoches, TX  Softwood  40,000 

 Pellet America Corp,  Appleton, WI  Paper Waste  50,000 

 Pellheat Inc,  Glen Hope, PA  Hardwood  5,000 

 Potomac Supply LLC  Kinsale, VA  Softwood  50,000 

 Rocky Canyon Pellet Co,  Grangeville, ID  Hardwood and Softwood  10,000 

 Show Me Energy Cooperative  Kingsville, MO  Grasses  15,000 

 Somerset Pellet Fuel  Somerset, KY  Hardwood  50,000 
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 Southern Indiana Hardwoods  Huntingburg, IN  Hardwood  10,000 

 Southern Kentucky Pellet Mill 

Inc,  

Gamaliel, KY  Hardwood  12,000 

 Southwest Renewable 

Resources  

Snowflake, AZ  Ponderosa Pine  18,000 

 Turman Hardwood Pellets  Galax, VA  Hardwood  28,000 

 Vermont Wood Pellet Co, 

LLC  

North Clarendon, 

VT  

Softwood  16,600 

 Vulcan Wood Products  Vulcan, MI  Hardwood and Softwood  9,000 

 Western Wood Products Inc,  Raton, NM  Debarked Clean Wood 

Chips  

40,000 

 Tri State Biofuels LLC  Lemont Furnace, 

PA  

Hardwood and Softwood  50,000 

 Penn Wood Products Inc,  East Berlin, PA  Hardwood  5,000 

 Curran Renewable Energy 

LLC  

Massena, NY  Hardwood and Softwood  100,000 

 EB Clean Energy Ltd, - 

Boardman  

Boardman, OR  Woody 

Biomass/Bark/Wheat/Corn 

Stover/Areundo 

Donux/Other  

30,000 

 Koetter & Smith Inc,  Borden, IN  Hardwood  15,000 

 Kirtland Products LLC  Boyne City, MI  Hardwood and Softwood  35,000 

 Woodscape of Utah  Salt Lake City, UT  Hardwood and Softwood  60,000 

 Great Lakes Renewable 

Energy Inc,  

Hayward, WI  Hardwood and Softwood  70,000 

 Alexander Energy Inc,  , PA  Hardwood  8,500 

 Ernst Biomass  Meadville, PA  Switch Grass  25,000 

 Pellet Technology USA  Gretna, NE  Corn Stover/Corn 

Syrup/DDGS  

2,500 

 Telfair Forest Products LLC  Lumber City, GA  Softwood  150,000 

 Bearlodge Forest Products  , WY  Softwood  5,000 

 Green Friendly Pellets LLC  Plainview, MN  Hardwood  17,000 

 Kingdom Biofuels  Peach Bottom, 

PA  

Mill Residue  12,000 

 Mt, Taylor Manufacturing  Milan, NM  Hardwood and Softwood  6,000 
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 Superior Pellet Fuels LLC  North Pole, AK  Softwood  35,000 

 ProPellet  Minneapolis, MN  Softwood  28,000 

 LJR Forest Products  Swainsboro, GA    

 Greene Team Pellet Fuel 

Company  

Carmichaels, PA  Hardwood  50,000 

American Wood 

Fibers  

American Wood Fibers - 

Circleville  

Circleville, OH  Hardwood and Softwood  50,000 

American Wood 

Fibers  

American Wood Fibers - 

Marion  

Marion, VA  Hardwood and Softwood  75,000 

American Wood 

Fibers  

American Wood Fibers - 

Wisconsin  

Schofield, WI  Hardwood and Softwood  25,000 

B D Schutte 

Farms  

Wolverine Hardwood Pellets  Au Gres, MI  Hardwood  750 

Bear Mountain 

Forest Products  

Bear Mountain Forest 

Products - Cascade Locks  

Cascade Locks, 

OR  

Softwood  40,000 

Bear Mountain 

Forest Products  

Bear Mountain Forest 

Products- Brownsville  

Brownsville, OR  Softwood  125,000 

BioMaxx Inc,  Dry Creek Products  Arcade, NY  Hardwood  100,000 

BioMaxx Inc,  PA Pellets  Ulysses, PA  Softwood  50,000 

Dover Capital  Dover Resources Inc,  Stockton, CA  Woody Biomass  50 

Drax Biomass 

International Inc,  

Amite BioEnergy  Gloster, MS  Hardwood and Softwood  500,000 

Drax Biomass 

International Inc,  

Morehouse BioEnergy  Morehouse Parish, 

LA  

Woody Biomass  496,000 

E-Pellets Group 

LLC  

Nahunta Pellets  Nahunta, GA  Southern Yellow Pine  150,000 

Energex 

Corporation  

Energex America Inc,  Mifflintown, PA  Hardwood  120,000 

Enviva LP  Enviva Pellets Northampton 

LLC  

Garysburg, NC  Hardwood and Softwood  550,000 

Enviva LP  Enviva Pellets Cottondale 

LLC  

Cottondale, FL  Softwood  660,000 

Enviva LP  Enviva Pellets Ahoskie  Ahoskie, NC  Hardwood and Softwood  499,000 

Enviva LP  Enviva Pellets Amory  Amory, MS  Hardwood and Softwood  121,000 

Enviva LP  Enviva Pellets Wiggins  Wiggins, MS  Hardwood and Softwood  121,000 

Enviva 

Wilmington 

Enviva Pellets Southampton 

LLC  

Franklin, VA  Hardwood and Softwood  550,000 
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Holdings, LLC  

Equustock LLC  Equustock - Chester  Chester, VA  Hardwood and Softwood  80,000 

Equustock LLC  Equustock - Clare  Clare, MI  Hardwood and Softwood  36,000 

Equustock LLC  Equustock - Montebrook  Montbrook, FL  Softwood  40,000 

Equustock LLC  Equustock - Troy  Troy, VA  Hardwood and Softwood  40,000 

Equustock LLC  Equustock - Jasper  , AL  Hardwood and Softwood  40,000 

Fiber By-

Products Corp,  

Fiber By-Products - White 

Pigeon  

White Pigeon, MI  Hardwood  65,000 

Fiber Energy 

Products AR 

LLC  

Ozark Hardwood Pellets  Seymour, MO  Hardwood  85,000 

Fram Renewable 

Fuels LLC  

Hazlehurst Wood Pellets LLC  Hazlehurst, GA  Softwood   

Fram Renewable 

Fuels LLC  

Appling County Pellets LLC  Baxley, GA  Hardwood and Softwood  243,000 

German Pellets 

GmbH  

German Pellets Texas  Woodville, TX  Hardwood and Softwood  551,155 

German Pellets 

GmbH  

German Pellets Louisiana 

LLC  

Olla, LA  Softwood  578,000 

Golden Peanut 

Company, Hull 

and Fiber  

Golden Peanut Co, - Dawson  Dawson, GA  Peanut Hulls  Undisclosed  

Golden Peanut 

Company, Hull 

and Fiber  

Golden Peanut Co, - 

Headland  

Headland, AL  Peanut Hulls  Undisclosed  

Greenwood 

Energy  

Greenwood Fuels  Green Bay, WI  Industrial Waste Products  120,000 

Hamer Pellet 

Fuel  

Hamer Pellet Fuel Elkins  Elkins, WV  Hardwood   

HCC Brands  Hannas Candle Company  Fayetteville, AR  Wood Fiber/Wax  2,000 

Indeck Energy 

Services Inc,  

Indeck Energy Ladysmith 

Biofuel Center LLC  

Ladysmith, WI  85% Hardwood  90,000 

Inferno Wood 

Pellet Company  

Inferno Wood Pellet Mill  , RI  Hardwood and Softwood   

Lignetics  Lignetics of Idaho Inc  Kootenai, ID  Douglas Fir  80,000 

Lignetics  Lignetics of Virginia Inc,  Kenbridge, VA  Hardwood  90,000 

Lignetics  Lignetics of West Virginia Inc,  Linn, WV  Hardwood  125,000 
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Lignetics  Lignetics of Maine Inc  Strong, ME  Hardwood  90,000 

LowCountry 

BioMass, LLC  

LowCountry Biomass  , SC  Softwood  50,000 

Maeder Bros, 

Inc,  

Maeder Brothers Quality 

Wood Pellets Inc,  

Weidman, MI  Hardwood  22,000 

Marth 

Companies  

Marth Peshtigo Pellet Co, - 

Peshtigo  

Peshtigo, WI  Hardwood  64,000 

Marth 

Companies  

Marth Wood Shavings Supply  Marathon, WI  Hardwood  64,000 

Mt, Taylor 

Manufacturing  

Mt, Taylor Manufacturing - 

Pellet Mill  

Albuquerque, NM  Hardwood and Softwood  6,000 

Nature's Earth 

Pellet Energy 

LLC  

Nature's Earth Pellets NC LLC 

- Laurinburg  

Laurinburg, NC  Hardwood and Softwood  100,000 

Nature's Earth 

Pellet Energy 

LLC  

Nature's Earth Pellets NC LLC 

- Reform  

Reform, AL  Softwood  75,000 

Neiman 

Enterprises, Inc,  

Spearfish Pellet Co, LLC  , SD  Mill Residue/Saw 

Dust/Shavings  

55,000 

New England 

Wood Pellet LLC  

Jaffrey Manufacturing Facility  Jaffrey, NH  Hardwood and Softwood  85,000 

New England 

Wood Pellet LLC  

Deposit Manufacturing 

Facility  

Deposit, NY  Hardwood and Softwood  85,000 

New England 

Wood Pellet LLC  

Schuyler Manufacturing 

Facility  

Schuyler, NY  Hardwood and Softwood  60,000 

New England 

Wood Pellet LLC  

Allegheny Pellet Corporation  Youngsville, PA  Hardwood  60,000 

NFR BioEnergy  NFR BioEnergy - White 

Castle  

White Castle, LA  Sugarcane Bagasse   

North Idaho 

energy Logs Inc,  

North Idaho Energy Logs - 

Hauser  

Hauser, ID  Softwood  60,000 

North Idaho 

energy Logs Inc,  

North Idaho Energy Logs - 

Moyie Springs  

Moyie Springs, ID  Softwood  50,000 

Northeast Wood 

Products LLC  

Northeast Wood Products LLC 

- Ligonier  

Ligoner, IN  Hardwood  130,000 

Northeast Wood 

Products LLC  

Northeast Wood Products LLC 

- Peebles  

Peebles, OH  Hardwood and Softwood  65,000 

Ochoco Lumber 

Company Dba 

Malheur Lumber 

Company  

Malheur Pellet Mill  John Day, OR  Pine/Fir  20,000 

Pacific Coast 

Fiber Fuels  

Olympus Pellets  Shelton, WA  Mill Residue  50,000 
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Phoenix 

Renewable 

Resources  

Phoenix Recycling  Des Moines, IA  Urban Wood Waste  30,000 

Qb Corp,  Lemhi Valley Pellets  Salmon, ID  Hardwood and Softwood  2,600 

Queston, Inc,  Queston Wood Pellets  West Windsor, VT  Softwood  60,000 

Roseburg Forest 

Products  

Dillard Composite Specialties  Roseburg, OR  Softwood  40,000 

RWE Innogy 

Cogen  

Georgia Biomass  Waycross, GA  Softwood  825,000 

Solvay 

Chemicals Inc,  

Solvay Biomass Energy LLC  Quitman, MS  Hardwood and Softwood  240,000 

The Earth 

Partners LP  

Deadwood Biofuels LLC  Rapid City, SD  Softwood  71,000 

The Westervelt 

Company  

Westervelt Renewable Energy 

LLC  

Aliceville, AL  Softwood  309,000 

Trae Fuels ltd  Trae Fuels Ltd - Pellet Plant  Bumpass, VA  70% Hardwood  130,000 

Two Rivers 

Timber  

Instantheat Wood Pellets Inc,  Addison, NY  Hardwood  50,000 

Varn Wood 

Products  

Varn Wood Pellets  Hoboken, GA  Softwood  88,000 

West Oregon 

Wood Products 

Inc,  

West Oregon Wood Products - 

Columbia City  

Columbia City, 

OR  

Softwood  50,000 

West Oregon 

Wood Products 

Inc,  

West Oregon Wood Products - 

Banks  

Banks, OR  Softwood  30,000 

Zilkha Biomass 

Energy  

Zilkha Biomass - Crockett  Crockett, TX  Hardwood and Softwood  44,000 

Zilkha Biomass 

Energy  

Zilkha Biomass - Selma  Selma, AL  Hardwood and Softwood  303,000 

Total Plants: 148  Total capacity in tons: 12,623,670 

Source: Biomass Magazine (2015) 

 

Under Construction: 

Company Plant Location Feedstock Capacity 

(Short 

tons/yr) 

 Chip Energy Inc,  Goodfield, IL  Wood/Energy Crops/Ag 

Residue  

40,000 
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 Northland Pallet Inc,  Hugo, MN  Hardwood and Softwood  15,000 

 Allendale White Pellet Plant  Allendale, SC  Yellow Pine  66,000 

 Vulcan Renewables LLC  St Augustine, FL  Softwood  132,000 

 Blue Planet Energy LLC  Goshen, MA  Sawmill & Pallet 

Production Waste  

7,250 

 Blue Sky Biomass Georgia 

LLC  

Adel, GA  70% sawmill residuals   

E-Pellets Group 

LLC  

E-Pellets Group - Athens  Athens, GA   496,000 

Enviva LP  Enviva Pellets Sampson  Faison, NC  Woody Biomass  550,000 

Global Harvest 

Organics, LLC  

Global Harvest Organics  Aurora, MO  Alfalfa/Wood 

Residuals/Poultry Litter  

10,000 

New Bedford 

Waste Services 

LLC  

Zero Waste Solutions LLC  Rochester, MA  Municipal Solid 

Waste/C&D  

121,000 

Northeast Wood 

Products LLC  

Northeast Wood Products 

LLC - Jasper  

Jasper, TN  Mill Waste  125,000 

Portucel  Colombo Energy Inc, - 

Greenwood  

Greenwood, SC   460,000 

Total Plants: 12  Total capacity in 

tons: 

 2,022,250 

Source: Biomass Magazine (2015) 

 

Proposed plants: 

Company Plant Location Feedstock Capacity 

(Short 

tons/yr) 

 F,E, Wood & Sons - Natural 

Energy  

West Baldwin, ME  Hardwood and Softwood  344,000 

 Fulghum Graanul Oliver LLC  Oliver, GA  Hardwood and Softwood  200,000 

 International Biomass Energy 

LLC  

, AL  80% softwood to 20% 

hardwood  

485,000 

 Woodshed Renewables LLC  Finley, ND  Hardwood and Softwood  22,000 

 South Shore Biofuels LLC  , KY  Hardwood  100,000 

 Cornerstone Biomass Corp,  Live Oak, FL  Mill Residue (Yellow Pine)  220,500 

 General Biofuels  San Mateo, CA   
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 Biograss Industries  Cashiers, NC  Miscanthus  1,000 

 Centennial Renewable Energy 

of Idaho (CRE)  

, ID   176,000 

Agri-Tech 

Producers, LLC  

ATP-SC LLC  Allendale, SC  Plant and Wood Biomass  13,000 

Beaver Wood 

Energy, LLC  

The Fair Haven Energy Center  Fair Haven, VT  Hardwood and Softwood  110,000 

Biomass Secure 

Power Inc,  

Biomass Power Louisiana LLC  Natchitoches, LA  Softwood  680,000 

Cate Street 

Capital  

Thermogen Industries  Millinocket, ME  Woody Biomass  110,000 

CEET, LLC  HTC1  Hillsborough 

County, FL  

Biosolids  15,000 

Enviva LP  Enviva - Laurens County  Laurens County, SC  550,000 

Enviva LP  Enviva Pellets Hamlet  Hamlet, NC  Woody Biomass  550,000 

Geechee Energy 

LLC  

Ogeechee River Pellet Mill  Millen, GA  Yellow Pine  397,000 

General Biofuels  General Biofuels - Georgia  Sandersville, GA  Softwood  440,000 

Highland Pellets 

LLC  

Highland Pellets LLC - Pine 

Bluff  

, AR   551,000 

Pelleting 

Solutions 

Sciences, Inc,  

Iowa Biomass Pelleting Inc,  Kilduff, IA  Corn Stover  12,000 

Zilkha Biomass 

Energy  

Zilkha Biomass - Monticello  Monticello, AR  413,000 

Total Plants: 21  Total capacity in tons: 5,389,500 

Source: Biomass Magazine (2015) 

 

 

 

 


