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ABSTRACT: Increasing demand for biomass asks for a higher mobilisation and thus for innovative preparation 
and densification technologies for this commodity. Market diffusion potentials of torrefaction products and possible 
impacts on several social and environmental aspects have to be addressed before recommendations are 
forwarded to policy makers and stakeholders. This paper describes and compares biomass-to-end-use chains for 
torrefied biomass and illustrates deployment scenarios for this commodity and the torrefaction technology itself. A 
biomass-to-end-use chain simulation tool (BioChainS) was developed which is capable of assessing the high 
number of production and utilisation pathways that could become relevant in the near future. The paper gives an 
insight into this approach and shows how biomass availability, technological development and biomass demand 
policies could influence torrefied biomass deployment. 

 
1 INTRODUCTION 
 
1.1 Objectives of this research 

To investigate the possible market diffusion of the 
torrefaction technology under strict sustainability 
boundary conditions, the experimental work done 
within the FP7 SECTOR project1 is accompanied by 
extensive desk studies and modelling work 
presented in this paper. This work has the objective 
i) to identify and define relevant biomass-to-end-use 
value chains for torrefaction-based bioenergy 
carriers and ii) to illustrate deployment scenarios 
based on these chains.  

1.2 Key structure of this paper 

To calculate deployment scenarios of biomass-to-
end-use chains for torrefied biomass a thorough 
assessment of the different production and 
utilisation pathways that could become relevant in 
the near future is necessary. The following chapter 
illustrates the theoretical background and the 
software tool BioChainS, which was developed to 
tackle this challenge. The first result, a comparative 
chain assessment is formulated in chapter 3 and 
gives the basis for the deployment scenarios 
presented in chapter 4. A short insight into how 
these results are further processed in the SECTOR 
project for a full sustainability assessment including 
socio-economic-, life cycle- (in terms of energy and 
GHG balances) and a full environmental 
assessment can be found in the last chapter.  

1.3 System boundaries  

Biomass-to-end-use chains start at the biomass 
feedstock production site. For the economic 
assessment a detailed investigation of biomass 
production and harvesting is beyond the scope of 
this work. Prices and physical properties for the 
biomass obtained in the forest, the plantation site or 
at the biomass processing industry will be sufficient 
for the calculation. As fuel properties can have an 

1 The research leading to these results has received 
funding from the European Union Seventh 
Framework Programme (FP7/2007-2013) under 
grant agreement n° 282826. 

effect on the end-use, the system boundary at the 
other side of the biomass-to-end-use chain at least 
has to consider the combustion efficiency of those 
biofuels for the generation of heat and electricity, or 
the production efficiency of other end-user types 
and resulting retooling costs. Costs of providing the 
produced renewable heat and electricity or the 
produced bio-chemical to the consumers will not be 
included in this investigation, because it is not 
relevant for the objective of this research.  

Deployment potentials are derived econometrically 
by comparing torrefied biomass supply costs with 
supply costs of coal and untorrefied biomass. 
Torrefaction technologies are assumed to be 
available commercially at the end of the current 
decade. Therefore the temporal horizon for the 
deployment scenario calculation will cover the time 
range beginning with 2020 and ending with the year 
2030.  

2 THEORETICAL BACKGROUND 
 
The objective of this part is to give an insight into 
the theoretical approach behind the calculation of 
diffusion potentials of the, not yet commercially 
available torrefaction technology. To assess the 
high number of production and utilisation pathways 
that could become relevant in the near future the 
biomass-to-end-use chain simulation tool BioChainS 
was developed and equipped with highly up-to-date 
data from the partners of the SECTOR-project. In 
the next paragraphs the functionality of this model 
will be illustrated and the used methods capable of 
dealing with emerging uncertainties and variabilities 
will be explained. 

2.1 General structure of the tool BioChainS 

The statistical programming environment of R 
(RStudio, 2012) was used to connect the different 
parts of the model shown in figure 1. The first part 
mainly consists of the cost summation of biomass 
supply including the purchase of the feedstock, its 
preparation to a high-energy dense solid biofuel, its 
consumption (e.g. combustion) at the end user and 
every single transportation step that occurs within 
this biomass-to-end-use chain. The chain links are 
allowed to form all possible combinations as long as 

                                                                 



no linkage restriction is violated (see chapter 3). 
Technological and economic data of the solid 
biofuel preparation steps, the consumption and 
handling properties and physical properties of the 
feedstock were obtained from the experimental 
research of the project partners. Regional costs of 
feedstocks, labour, fossil fuel, electricity, interest 
rates and taxes were gathered in extensive 
literature researches and from internal sources. The 
uncertainties of the data were addressed by error 

propagation. In figure 1 the data discussed above is 
indicated as parallelograms.  

In contrast to the variation of the results induced by 
uncertainties, variations caused by variabilities were 
treated differentially in this model. As a “variability 
refers to natural variation in some quantity” (Van 
Belle, 2008) the selection of possible future 
torrefaction plant sizes that could occur on the 
market give a good example for this term. Its 
process energy mix and the location of the 
preparation plant, thus distances and vehicles used 
for transport as well as whether a mobile chipper is 
used or not in case of woody biomass is also seen 
as a natural variation in future bioenergy markets. 
Monte Carlo simulations are used to correlate these 
variabilities in the form of probability functions. 
Therefore it is assumed, that the mean values for 
these functions, thus the most likely constellation 
can be evaluated by cost optimisation. These 
optimisations are explained in more detail in the 
next paragraphs.     

By including regional potentials into the simulation in 
the first part, cost-supply curves can be generated 
for the single biomass-to-end-use chains. 

Comparative supply chains without torrefaction are 
simulated considering specific linkages and 
restrictions for this commodity. The whole set of 
biomass-to-end-use chains can now be assessed to 
derive first conclusions and recommendations for 
torrefaction based solid biofuel production and trade 
(see chapter 3).  

In the market diffusion model coal prices and cost 
effects of different policies are used to evaluate the 

deployment potentials of selected biomass-to-end-
use chain cluster. The development of the 
exogenous price data will be defined for different 
storylines (see chapter 4) and the potentials are 
recalculated for the time range beginning with 2020 
and ending with the year 2030.  

2.2 Preparation plant size optimisation 

to be updated in the full paper  

2.3 Route optimisation and calculation 

to be updated in the full paper 

3 COMPERATIVE BIOMASS-TO-END-USE 
CHAIN ASSESSMENT 

to be calculated and updated in the full paper 

4 DEPLOYMENT SCENARIOS 

Based on a discussion during an expert workshop2 
held within the project SECTOR, we identified the 

2 Expert workshop with SECTOR partners from different 
disciplines and technology fields on 15 May 2013, 
Vienna. 

Figure 1: Main structure of BioChainS: Parallelograms indicate data bases while squares stand for single 
programs executed with different software named in brackets 

Part I 

Part II 

                                                                 



following main aspects to be modified for different 
deployment scenarios: Biomass availability, demand 
for (torrefied) biomass and technological 
development. All these dimensions may be strongly 
affected by policies, which therefore form a higher-
level aspect to be discussed separately.  

Using these dimensions four storylines were drawn 
to facilitate the quantification of the model input data 
as well as the discussion. These storylines are 
illustrated in figure 2 and will form the main paths of 
the different deployment scenarios of torrefied 
biomass and the torrefaction technology in this 
work.  

4.1 Storylines 

 Ambitious torrefaction growth  
This storyline is driven by a strong EU 
policy for bioenergy. This includes the 
development of logistic infrastructure in 
order to increase the availability of 
biomass, also with respect to imports. 
Other world regions do not follow the EU in 
its ambition which leads to only moderate 
global competition for biomass resources. 
At the same time, the EU implements 
support policies for biomass in all end-use 
sectors. This leads to a high economic 
efficiency of biomass, supported by a 
favourable ratio of biomass prices to fossil 
fuel prices.   
The EU policies include a strong support 
for technology development. Thus, high 
cost reductions for torrefaction occurs 
combined with a high technological quality 
of the torrefaction process leading to high 
energy densities of torrefied products. A 
strong market growth of torrefied material 
is expected and leads to a significant share 
of torrefied biomass until 2030.   
The role of biomass in different end-use 
sectors etc. will be investigated in terms of 
different scenarios within this storyline.  

 Resource constraints, High-Tech  
Due to the global climate mitigation 
strategy (and/or strong increase in fossil 
fuel prices) the global and EU biomass 
demand strongly increases. Due to this 
strong competition for biomass (both for 
energetic and non-energetic purposes) the 
biomass price increases. However, the 
policies in place keep the demand in all 
end-use sectors high.  
Due to the high global efforts in climate 
change mitigation, high technological 
progress is achieved. This results in high 
cost reductions for torrefaction combined 
with a high technological quality of the 
torrefaction process leading to high energy 
densities of torrefied products.  
A moderate market growth of bioenergy 
and torrefied biomass is expected for the 
European Union. However, due to the 
global competition this growth is slower 
than for other renewables.  
The role of biomass in different end-use 

sectors etc. will be investigated in terms of 
different scenarios within this storyline. 

 Conventional biomass growth  
Due to the global climate mitigation 
strategy (and/or strong increase in fossil 
fuel prices) the global and EU biomass 
demand strongly increases. Due to this 
strong competition for biomass (both for 
energetic and non-energetic purposes) the 
biomass price increases. However, the 
policies still keep the demand in all end-
use sectors high.  
No real technological breakthrough is 
achieved in torrefaction. Costs are high 
and technological quality and reliability is 
low. Only moderate energy densities can 
be achieved by torrefaction.  
The demand for bioenergy grows. 
However, due to the global competition this 
growth is slower than for other renewables. 
Torrefaction is expected to only cover 
small niches of the bioenergy sector. The 
scenarios will focus on the question how 
these niches could look like and what are 
most promising niches.  

 Grey storyline  
No ambitious climate mitigation policies are 
implemented, neither at the global nor at 
the European scale. No strong effort is 
taken in mobilising additional biomass 
resources and no major investments in 
biomass logistics occur. Together with low 
competition for biomass resources, this 
results in medium availability of biomass. 
There is no major resource constraint of 
fossil fuels and therefore price levels for 
fossil and biomass resources remain 
moderate.   
No real technological breakthrough is 
achieved in torrefaction. Costs are high 
and technological quality and reliability is 
low. Only moderate energy densities can 
be achieved by torrefaction.  
Renewable energy and biomass in 
particular shows only very low growth. 
Torrefaction does only play a minor role in 
small niches of the bioenergy sector. 
The scenarios will focus on the question 
how these niches could look like and what 
are most promising niches. 

4.2 Results 

This part of the work is based on the economic 
comparison of the biomass-to-end-use chains 
illustrated in chapter 3. Chains are clustered 
according to their similarities in supply cost ranges, 
region and technology specific properties. Supply 
costs of the reference products namely coal and 
different sorts of untorrefied material are used to 
evaluate the deployment potentials of the various 
clusters. Scenarios for the uptake of torrefied 
biomass and the torrefaction technology can now be 
calculated under the conditions defined in the 
storylines. In the following paragraphs the impact of 
the development of fossil fuel-, labour prices and 
other crucial economic aspects (e.g. interest rates, 



taxes) on the diffusion of the torrefaction sector are 
examined. Different policies on biomass demand, 
availability, research and development are 
simulated and discussed to identify most promising 
paths.  

to be updated in the full paper 

5 CONCLUSIONS AND OUTLOOK  

Supply chain scenarios can give an insight on the 
impact of political, environmental and economic 
diversification on the utilisation and development of 
upcoming biomass preparation technologies. This 
chapter will highlight the most important impact 
parameters that could become crucial for the 
development of a torrefaction sector. Furthermore 
we will give an insight into how the results are 
further processed in the SECTOR project to 
produce a full sustainability assessment including 
socio-economic-, life cycle- (in terms of energy and 
GHG balances) and a full environmental 
assessment. Deployment strategies resulting from 
this cooperation will be available in summer 2014 to 
support investment projects and policymakers.  
 
to be updated in the full paper 

  

Figure 2: Key dimensions of torrefaction storylines: Biomass availability is indicated as third 
dimension: Smaller object size for storylines represent lower biomass availability. Furthermore the 
shading of the filling indicates the grade of market penetration of torrefied biomass in the bioenergy 
sector. 
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