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Abstract: Forest-derived biofuels have been on the agenda for several decades. Despite extensive 

research and development efforts, forest biofuel concepts have nevertheless not yet been realized 

on any significant scale. The discrepancy between the expectations from the research community 

and the lack of momentum regarding biofuel production raises the question of if and how research 

results can be used to achieve such goals. Here, we report results from an interview study with the 

aim of evaluating how energy system models can be used to illustrate barriers and drivers for forest 

biofuels, with focus on Swedish conditions, using the BeWhere model as case. The study is framed 

as an example of expertise, and problematizes how energy system models are interpreted among 

expected users. While the interviews revealed some general scepticism regarding models, and what 

kinds of questions they can answer, the belief was also expressed that increased complexity might 

be an advantage in terms of being able to accommodate more barriers against forest biofuels. The 

study illustrates the complexity of this policy area, where an energy system model can answer some, 

but never all, ‘what if…?’ questions. The results reveal a need for reformation in energy system 

modelling in order to more explicitly make society the subject of the work, and also illustrate that 

the belief in expertise as a tool for consensus-building in decision-making should be questioned. 

Keywords: energy systems analysis; energy system models; biofuels; interviews; barriers and 

drivers; expertise 

 

1. Introduction 

Sweden has set an ambitious policy agenda regarding greenhouse gas emission reductions and 

defossilisation of the transport sector, with the long-term priority of a fossil fuel independent vehicle 

fleet by 2030, and a proposed target of 70–80% emission reduction from the domestic transport sector 

by 2030, compared to emission levels in 2010 [1–3]. In order to reach the goals, significant efforts 

within three main areas of action will be necessary; a transport-efficient society (including, for 

example, sustainable city planning, infrastructural measures and modal changes), increased vehicle 

energy efficiency, and renewable fuels (biofuels and electricity). In order to reach the proposed 

emission reduction target for 2030, 15–20 TWh biofuels would be needed, assuming a significant 

concurrent decrease in total transport energy demand, and continued electrification of the road 

transport sector [2–4]. 

Recent years have seen a rapid growth in the share of biofuels in the Swedish road transport fuel 

mix, from 5.7% in 2010, to almost 19% in 2016 [5], which makes Sweden the leaders in terms of biofuel 

use in the EU. In absolute terms, this already amounts to 17 TWh today. In contrast, other key areas 

of action are lagging, and the total energy demand for domestic transport has, after a few years of 
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slight decline, increased again, and is currently at the highest level since 2008 (95 TWh in 2016, of 

which 89 TWh in road transport) [5]. This means that unless drastic measures are taken to reduce the 

total energy demand for transports, the amounts of biofuels needed to reach the emission targets 

would need to be significantly higher than 20 TWh by 2030. 

While the majority of the biofuels used today are imported, Sweden also has an established 

domestic biofuel production industry with a total annual production of around 5 TWh (ethanol, 

biodiesel/FAME, tall oil-based HVO and biogas). In addition to this, Sweden also has an extensive 

history of research and development of biofuel production technologies using lignocelluosic (woody) 

or waste biomass feedstocks, and the total production potential has been estimated to at least 20–30 

TWh biofuel from woody biomass [2,3] and 2–8 TWh biogas from anaerobic digestion [6], in addition 

to the current production levels.  

A large number of studies have proposed integration of biofuel production with forest industries 

as beneficial from economic and energy efficiency perspectives for forest rich regions, see, for 

example, [7–14]. From a Swedish perspective, several reasons can be identified in favour of the 

integration of biofuel production with the forestry and forest industry sector. The forest industry is 

particularly well suited regarding both feedstock integration (utilisation of existing material streams, 

e.g., black liquor, wood chips, bark etc.) and energy integration (e.g., heat integration). In addition, 

integration or co-utilisation of equipment and logistics systems can contribute to reduced capital and 

operational costs. Further potential benefits include experience and knowhow, financial resources 

and strong relational networks [15,16]. The forest sector is of fundamental importance to the Swedish 

economy, and represents 9–12% of the industrial employment, exports, turnover and added value 

[17]. At the same time, the Swedish forest industry is currently facing challenges regarding, for 

example, increasing competition and energy and feedstock prices, and declining markets (mainly 

printing paper). Diversification and transformation into biorefineries in order also to produce, for 

example, biofuels for transport (or other green chemicals) has been proposed by biofuel proponents 

as a way to simultaneously produce sustainable advanced biofuels in an efficient way, and increase 

the forest industry’s competitiveness [16,18–20].  

Despite the fact that biofuel production integrated with forestry and the forest industry would 

appear to be attractive from a Swedish perspective, so far, these types of concepts have not been 

realized on any significant scale, but rather have mainly been limited to technology development 

activities (for an overview, see e.g., [16,21]). In a recent study, Peck et al. [16] investigated the system 

of forest-derived transport biofuels in Sweden, with particular focus on the systems’ actors as well as 

on systemic constraints and drivers for the emergence of a significant biofuel production industry. 

Peck et al. showed that a number of factors can be identified as barriers to forest-based biofuel 

production. In particular, various policy-related issues, such as policy instability, short-termism and 

low predictability, have hindered biofuel initiatives from moving forward. This has resulted in 

eroded confidence and trust levels among industrial biofuel actors, which in turn results in even 

higher investment hurdles. Peck et al. also concluded that the forest sector stands divided regarding 

the view on forest-based biofuels, which likely undermines the efforts of biofuel proponents to secure 

the necessary support. Hellsmark et al. [21] also identified the lack of appropriate policies as a key 

barrier or system weakness. Other barriers were found in the form of lack of coordination among, for 

example, government ministries, agencies and regional actors, and weak industrial participation. 

Hellsmark et al. concluded, among other things, that knowledge about, for example, the current 

biorefinery development status, should be increased among policy makers, and that policy initiatives 

aimed at the industry are critical. Additional barriers can be identified within the forest industries 

themselves, such as conservative organisational culture and lack of financing, as pointed out by 

Näyhä and Pesonen [22].  

The contradiction between, on the one hand, visions within the research community concerning 

sustainable fuels and transformation towards a biorefinery industry and, on the other hand, the lack 

of actual momentum regarding forest-based biofuel production, raises the question of how research 

results can be and are used in order to achieve such goals.  
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The purpose of this paper is to evaluate if and how energy system models can be used to 

illustrate opportunities and obstacles for forest-derived biofuel production, with a focus on Swedish 

conditions. This study is therefore framed as an example of expertise, problematising how energy 

system models and the results from them can be used and are interpreted. Previous research has 

discerned the high expectations of expert opinions from researchers, in particular regarding 

sustainability [23]. This study analyses how an energy system model and its results are interpreted 

among its potential users (in this paper we use the term “users” to denote users/recipients of the 

model results, rather than the actual model users/operators, as the model under study has not been 

adapted for use by non-experts). Thereby, the discrepancy between actors’ interpretations and the 

model’s results concerning forest-derived biofuels will be identified. The energy system model 

BeWhere is used as an example case, in order to form a bridge between the theoretical framework 

and real-world application, with a focus on visualisation of barriers and drivers of forest-based 

biofuels. The choice of model to study is motivated by the fact that the BeWhere model was explicitly 

developed to analyse forest-based biofuel production for the intended region (Sweden), and that it 

is, to the best of the authors’ knowledge, the only model currently in use with this specialised focus. 

The following research questions will work as guidance for fulfilling this purpose: 

 What barriers and drivers concerning forest-derived biofuel production in Sweden do the 

interviewed actors identity? 

 How do these potential users interpret models in general, concerning forest-derived biofuel 

production? How do they interpret results from the case study model (BeWhere)? 

 What discrepancies between the scope of and results from the studied model and the potential 

users’ interpretations and expectations can be identified? 

The interviewed actors represent potential users and developers of the BeWhere model, and 

represent different areas of expertise. 

The paper is organized as follows: Chapter 2 gives a background of the BeWhere model. Chapter 

3 describes the theoretical framework, where expertise and the understanding of models are 

discussed. Next, the methodology for data collection and, in particular, the choice of interviewees is 

presented. Chapter 5 presents the results of the study, and finally, Chapter 6 contains a concluding 

discussion. 

2. Background—The BeWhere Model 

This chapter gives a brief introduction and overview of the model used as a case in this study, 

the BeWhere model. For more details, see [8,24,25] and the official BeWhere webpage: 

www.iiasa.ac.at/bewhere. 

2.1. Model Overview 

BeWhere is a model family of techno-economic, geographically explicit, bottom-up optimisation 

models that are used to analyse localisations and properties of different energy conversion plants. 

The model has been applied at local, national and supranational levels. Initially the scope of 

application was limited to bioenergy plants, e.g., [26–31], but this has, in recent years, been expanded 

to also include, for example, solar, wind, hydropower, public transport, and algae-based plants [32–

35]. BeWhere is based on mixed-integer linear programming (MILP). The model is written in the 

commercial software GAMS using CPLEX as a solver. 

BeWhere was developed with the ambition to investigate different policy instruments and to 

provide decision support for the development of, for example, strategies and policies [36]. One 

example of recent policy targeted use of BeWhere is within the S2Biom project [37], where the model 

was used as part of an integrated toolset aimed at developing harmonised data sets, strategies and 

roadmaps at geographical levels ranging from the local up to the pan-European level (more 

information can be found at the project webpage: http://www.s2biom.eu/en/about-s2biom.html). 

Another example, at the local/regional level, involves the design and localisation of charging 

infrastructure for electric buses in Stockholm, Sweden, where the BeWhere model was used in 
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collaboration with representatives for the local public transportation company, as well as concerned 

municipalities [35]. 

BeWhere Sweden (in this paper, the term “BeWhere” will also be used generally to denote the 

specific “BeWhere Sweden” model) is focused particularly on forest biomass, biofuel production and 

design of forest-based value chains. BeWhere Sweden shares the model structure and a number of 

assumptions with the supranational BeWhere Europe model, but with a higher degree of detail 

regarding the biomass supply, as well as industrially integrated biofuel production, where potential 

plant hosts are largely modelled individually. BeWhere Sweden is primarily used to analyse how 

future bio-based value chains can be implemented cost-effectively from a system perspective, what 

role the existing energy infrastructure (industry and energy facilities) can play, and how different 

parameters affect, for example, the choice of conversion technologies, localisation, and integration, in 

a system where the same limited resource (biomass) is also in demand from other sectors. The 

parameters considered include, for example, policy instruments, future scenarios for energy market 

conditions, technological development and industrial investment opportunities. The results are 

envisioned to be useful as decision support for stakeholders in, for example, biofuel production, as 

well as for policy makers.  

The BeWhere Sweden model is geographically explicit regarding supply and use of biomass 

(including harvesting and collection costs for different forest assortments), potential locations for 

biofuels production, and transport infrastructure. The model minimises the cost of the entire studied 

system to simultaneously meet a certain defined biofuel production demand, as well as the demand 

for biomass from other sectors. The system cost includes costs and revenues for production and 

transportation of biomass, production facilities, transportation and delivery of biofuels, by-products 

sales, and economic policy instruments. The cost is minimised under a number of constraints that 

describe and limit, for example, supply and demand for biomass, possible import and export of 

biomass, plant operation and demand for end products. The model will thus choose the least costly 

combinations of feedstocks, production facilities and biofuel distribution, while simultaneously 

meeting the demand for biomass in other sectors. The model is relatively flexible, and can be adapted 

to, for example, analyse different scenarios. 

The resulting model output includes a set of new biofuel production facilities in order to meet 

the defined production target, the resulting supply chain configurations, the origin of used biomass, 

and costs related to the different parts of the supply chain. Figure 1 gives an overview of the BeWhere 

Sweden model. For more details, see [8,24,25]. 

As it is a cost minimisation model, the scope for analysing drivers and barriers is mainly focused 

on economic aspects, such as costs in different parts of the production chain, costs and revenues 

related to policies, and economic risks. The geographically explicit component also makes it possible 

to analyse, for example, drivers related to co-location benefits or industrial cluster synergies, as well 

as barriers related to local or regional feedstock competition and logistical obstacles.  



Sustainability 2017, 9, 1792  5 of 19 

 

Figure 1. Schematic overview of the main flows in the BeWhere Sweden model (left) and geographical 

representation (right). Biomass supply and demand, district heating systems, transport fuel demand, 

and potential new locations for biofuel production (host sites) are represented geographically 

explicitly, while the electricity market and energy market scenarios are represented at the national 

level. 

2.2. The BeWhere Project(s) 

In 2006, the development of the BeWhere model started at the International Institute for Applied 

Systems Analysis (IIASA) in Austria and Luleå University of Technology (LTU) in Sweden. The 

model is under constant development and is being operated today for different geographical regions 

by IIASA developers, as well as by external developers and model operators. The current BeWhere 

Sweden model, which is the focus of this study, has been developed and operated at LTU since 2012.  

The development of the BeWhere Sweden model has been made within a series of externally 

funded research projects. A number of researchers from different institutions with complementary 

competences and backgrounds have participated in these projects. In addition to this, several of the 

research projects have had external reference groups connected with them, in order to get input from 

outside the research group. The reference groups have consisted of a mix of representatives from 

industry, energy companies, academia and governmental agencies. 

3. Theoretical Concepts of Models and the Validation of Models  

The theoretical framing of this paper involves potential users’ perspectives of models. A specific 

energy system model is studied in order to analyse how it can be used and how it is interpreted as a 

means of visualising opportunities, drivers and barriers for forest-derived biofuel production. The 

scope and output of the energy system model is compared to the actual barriers and drivers as seen 

by the potential users of the model and model results.  

In this context, the energy system model—and models in general—illustrates what can be 

defined as expertise. According to Fischer [38] (p. 2), we live in “the age of expertise”, meaning that 

‘experts’ have a central position in today’s society, where policy makers, as well as citizens, are 

dependent on the verdicts from experts. In particular, as will be further discussed below, politicians 

are dependent on experts and the validity of their reports, which have often been interpreted as 

independent and unbiased.  

However, the independence of research has been questioned and criticised. According to 

Jasanoff [39], knowledge production and expertise is constantly influenced by society, but society is 
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also influenced by the expertise. As Jasanoff [39] (p. 3) puts it, science and society must be understood 

as co-produced: 

“Scientific knowledge, in particular, is not a transcendent mirror of reality. It both embeds and is embedded in 

social practices, identities, norms, conventions, discourses, instruments and institutions” 

Therefore, knowledge production can never be understood as a neutral output, and the expertise 

represented, for example, in energy system models must always be interpreted in the societal context 

in which the models have been developed.  

This study focuses on models and models as an expression of expertise. As Oreskes [40] 

describes, the term “model” can today primarily be understood as a computerized model of a 

parameterized complex system, often involving simulations. In particular, the purpose of a model is 

to be able to ask the question “what if …?”, and by integrating different data, be able to contribute to 

an understanding of that answer, and thus provide a forecast of the future [40,41]. However, it is 

essential to bear in mind that the input to the model, which is then analysed, influences the output, 

and thereby the ‘forecasting of the future’. At the same time, this input, which might consist of a mix 

of different components, together influences and shapes the output/results. This means that the 

components are fixed, which makes the model focus on a closed system. According to Oreskes [41] 

(p. 1455) “real-life systems are never closed”, meaning that the reality that they are trying to analyse 

always involves influences from components not included in the input determined by the model 

developers.  

Energy system models are typically constructed as tools to predict, explain or control the 

behaviour of complex real-world energy systems. One area of use often emphasised is as a tool to 

support decision makers in, for example, policy making [42]. As such, energy system models can be 

used to highlight the existence of barriers for the implementation of polices. An identified gap 

between the output of the energy system model and the real-world situation can then serve as a 

starting point for further analysis of the barriers [43]. As with all models, energy system models by 

necessity represent a compromise between reality and manageability. As a model is designed as an 

approximation of reality, it must be manageable in the sense that it can yield understanding and 

knowledge that cannot be obtained by direct observation of the complex real-world system. The 

literature on different types, categories and classifications of energy system models is plentiful, but 

falls outside the scope of this paper (see e.g., [43–46]). 

In order to create a model that can be validated and actually involves components that together 

help illustrate the real world, it would be positive to broaden the input parameters. However, Oreskes 

[40] problematises this effort and refers to what she defines as “the complexity paradox”. That is, the 

effort to create a model that is close to reality actually risks making it more unsecure. In order to be 

more realistic, and thus to result in an output that takes a multitude of different components into 

consideration, the input must in turn consist of many different parameters. At the same time, all 

variables that go into the model involve a certain amount of uncertainty. The more complex the model 

is with all these variables, the more unsecure it becomes. “The ‘truer’ the model, the more difficult it 

is to show that it is ‘true’” Oreskes [40] (p. 20) explains. The complexity paradox thus means that 

every new variable that is added into the model also makes it more unsecure.  

Knowledge production is sometimes expected to work as a linear process where experts give a 

neutral and ‘true’ description of reality, which can be used by decision-makers in order to solve 

concrete problems. Decision-making, in line with this linear process, is thereby based on new, neutral 

information from experts. Science and expertise thus help to create political consensus [47]. Of course, 

the expected linearity within research, as well as in policy, has been questioned. The notion of 

expertise and knowledge production as neutral has been problematised, as described above, but the 

interrelationship between them has raised further questions. On the one hand, decision-makers, 

according to Fischer [38] (p. 4), “are left to depend on and trust the validity of the knowledge and 

competences of the experts who made them”. On the other hand, studies also show that researchers 

and experts are indeed dependent on policy makers [48]. Lidskog and Sundqvist [23] suggest that 

policy constantly influences knowledge production, but knowledge and science support and help 
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legitimise policy. According to Haas [48] (p. 575) research results that can be used by policy makers 

must “represent consensus, and be provided through a medium that is politically palatable”.  

To summarise, questions like what results models might show, and how they are actually used 

in practice, are constantly problematised. As described in chapter 2, the energy system model that is 

studied in this paper is currently used mainly within the context of research, but with the ambition 

to influence policy makers.  

4. Methodology and Data Collection 

Data collection was mainly based on semi-structured interviews [49], with the goal of capturing 

the interviewees’ reflections and interpretations in relation to three themes: 

1. Barriers to and drivers for forest-based biofuel production 

2. The use of models in order to visualise and analyse such drivers and barriers 

3. The case study model BeWhere as a means of illustrating barriers to and drivers for forest-based 

biofuel production 

In Figure 2, the scope of the analysis is visualised graphically. The figure illustrates the 

relationships (red arrows) between the complex real-world system (upper part of figure) and the 

simplified model approximation of the system (lower part of figure). Focus is on drivers for and 

barriers to fuel production from forest biomass, how this can be captured by energy system models 

in general, and the case study model BeWhere in particular, and how this in turn is interpreted by 

actors in the system. 

 

Figure 2. Graphical overview of the scope of and themes for the interviews. The upper half of the 

figure represents the complex real-world system under study (forest-based biofuel production), while 

the lower half represents the modelled approximation of the reality. Theme 1 concerns real-world 

barriers to and drivers for forest-based biofuel production. Theme 2 concerns the use of energy system 

models in general to visualise such barriers and drivers, while theme 3 concerns the case study model 

BeWhere as a means to illustrate barriers and drivers. 

These three themes were used as inspiration when creating the interview guides that were used 

during the interviews, as well as when analysing the answers. Because one of the themes focused on 

the interviewees’ interpretations of the BeWhere model, one part of the interviews was also dedicated 
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to presenting the model and the results from the model. This part was adapted according to the 

interviewees’ previous knowledge and understanding of the model.  

The selection of actors to be interviewed was made in order to represent the most relevant parts 

of both the studied core system and of the surrounding systems, as illustrated schematically in Figure 

3. As such, the selection of interviewees was broadened from “the usual suspects” (i.e., actors more 

directly related to the biofuel production industry), whose views on barriers and drivers for forest-

based biofuels have already been extensively analysed [16,50]. Several of the interviewees had 

previous knowledge or experience of the BeWhere model, to varying extents. The motivation for 

choosing those actors was to ensure a minimum level of model understanding (general as well as the 

regarding specific case model), in order to limit the need for extensive model explanations, and to 

thus risk losing track of the key points of the interviews.  

 

Figure 3. Overview of the forest-based biofuel system in focus in this study, including important 

surrounding systems (regional as well as national). Aspects in italics are not covered by the case study 

model BeWhere, but have been included in this study.  

Two groups of actors were interviewed, with a total of eight interviewees. The first group 

consisted of potential users of the model results, representing several sectors: the forestry and forest 

industry, the energy sector, and national and regional authorities. These interviewees are referred to 

as U1–U6. Within this group, several interviewees have been involved in the BeWhere project as 

reference group participants. The second group of interviewees consisted of researchers that have 

been involved with the BeWhere model as developers. In addition to the themes mentioned above, 

these interviews also focused on the aim and the development of the specific case study model. These 

interviewees are referred to as D1 and D2. Table 1 gives an overview of the interviewees, as well as 

their respective areas of expertise and competence. 

The interviews lasted for 40–80 min, and were all recorded and transcribed. 
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Table 1. List of interviewees and their respective areas of competence (varying levels within each 

competence area).  

Designation 
Sector/ 

Organization 

Areas of Expertise and Competence 
Previous 

BeWhere 

Experience/

Knowledge 

Forestry/

Forest  

Industry 

Energy 

Sector/ 

Energy 

Systems 

Biofuel 

Prod. 

Local/ 

Regional 

Aspects 

National 

Aspects 

Energy 

Policy 

Energy 

System 

Models 

U1 
Regional 

authority 
x   x x   low 

U2 
Regional 

authority 
x   x    none 

U3 State authority  x   x x x low * 

U4 Energy sector  x x x    medium * 

U5 
Forest 

industry 
x x      low 

U6 
Forest 

industry 
x  x     none 

D1 
Research 

institute 
 x x   x x high 

D2 
University/ 

energy sector 
 x  x x x x high * 

Interviewees marked with * under “Previous BeWhere experience/knowledge” are or have been 

involved in the BeWhere project as reference group participants. 

5. Results 

In this chapter, the results from the interviews are presented. First, interviewed actors’ 

perspectives of drivers and barriers for forest-based biofuel production are presented in Sections 5.1 

and 5.2 (interview theme 1). Second, interpretations of models in general (interview theme 2) and the 

BeWhere model in particular (interview theme 3) are presented in Section 5.3.  

5.1. Forest-Based Biofuel Production: Drivers … 

In this section, interviewed actors’ interpretations concerning drivers behind forest-derived 

biofuel production will be presented and discussed. As described in Chapter 4, the actors represent 

regional and national authorities as well as private actors from the forest industry and the energy 

sector. 

Drivers for forest-based biofuel production can be divided into three categories, although of 

different importance for the interviewed actors. First, climate change mitigation is mentioned as a driver 

for engaging in biofuel production. According to U5, representing a state-owned forestry company 

that can also be seen as a forest industry interest organization, the forest sector might work as “a tool 

for climate change mitigation”. In a similar vein, U1, U2 and U3, all representing different authorities, 

refer to the forest as a resource, possible to use for example within climate mitigation actions. 

However, interviewees also emphasise a second driver: the changed market and conditions for pulp 

and paper mills. During recent decades, the conditions for the European pulp and paper industry have 

hardened. Despite a relatively stable total global demand for pulp and paper products (reduced 

demand for printing paper, in particular newsprint, is compensated by an increased demand for 

packaging paper and paperboard, as well as for soft paper), the European industry has become more 

exposed to changes related to global competition from lower cost regions (Latin America and 

Southeast Asia in particular), higher costs for feedstock and energy, and an increasing complexity of 

industry regulation [51]. As a result, European pulp and paper production has seemingly stagnated 

during the last few decades, diminishing to a level significantly lower than the peak before the 

financial crisis in 2007–2008, and with a steadily declining number of pulp and paper mills [52]. From 

a Swedish perspective, the trend follows that of the European pulp and paper industry [17]. Among 

the interviewed actors, representing the forest industry as well as state and regional authorities, 

possibilities for a new market for the forest industry are therefore interpreted as an important driver. 

According to U3 and U5, the reduced demand for products from paper and pulp mills has changed 

the attitude to new markets within these industries. U5, describes: 
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“When we started to work with these issues, you could almost be lambasted by the paper and pulp mills because 

they thought it was really stupid. Why should we investigate biofuels? […] The concern was that it would 

interfere with their business and their production of pulp.” 

Apart from the concern that the biomass would be used for producing biofuels and that this 

would lead to higher pulp wood prices, U3 also interprets the forest industry as being sceptical when 

it comes to new markets that differ from the traditional market. U3 explains: 

“It has to do with an attitude of using the forest for something that is not really their business, that is not the 

genuine business, what you are used to: pulp, furniture […] Using the forest to produce biofuels is probably 

not the original imagination you had in the forest industry. But this is changed now.” 

However, this scepticism changed due to the changed market for the industry. According to U5, 

this made the forest industry, and in particular the forestry sector, search for new markets and new 

products, and thereby see biofuel production as ‘an extra market’, as U3 put it. 

Finally, a third driver can be discerned that concerns not only new markets, but rather the already 

established production. Here, biofuel production is interpreted as a part of the waste-management 

system for handling by-products from the pulp and paper mills. U1, representing a regional 

authority, explains that the industries can use biofuel production as a way to shift various by-product 

flows from a cost to a potential profit: 

“… [the large forest industries] have by-products that are difficult to handle, and that’s what is driving them, 

they are costly to deposit. Biofuel production is a good way to handle the waste or by-products.” 

In the same vein, biofuel production can be a way to utilise existing process equipment more 

efficiently. Lignin separation and black liquor gasification have been proposed as ways to reduce the 

load on (or “debottleneck”) the recovery boiler in kraft pulp mills (see e.g., [53–55]), thus enabling 

increased pulp production. According to U6, representing a forest industry, separation of lignin from 

black liquor today only generates costs and no extra revenues, aside from the increased pulp 

production. Hence, the possibility of extra revenue and of utilising hidden potential creates a possible 

driver. 

5.2. … and Barriers 

Even though new markets are regarded as a possibility among the interviewed actors, they are 

complemented or shaded by different barriers. Firstly, technical barriers are discussed in Section 

5.2.1, and various financial barriers summarised in Section 5.2.2. Finally, interest contradiction 

concerning forest and land use as a barrier is analysed in Section 5.2.3. 

5.2.1. Technical Barriers 

Technical aspects are discussed among the interviewees, related to the fact that mature 

technologies for large-scale forest-based biofuel production are largely missing today [56]. The 

exception is HVO, which can be produced from crude tall oil (a by-product of pulp making). Tall-oil 

based HVO has reached technological maturity and is produced on an industrial scale in Sweden and 

Finland. The potential for increased production is, however, limited [4]. While technologies for 

production of lignocellulosic ethanol from agricultural residues are on the verge of becoming 

commercial, technologies aiming at producing ethanol from forest-based feedstocks have not yet 

reached industrial demonstration scale. Similarly, gasification technologies are also lagging, although 

a number of small-scale and pilot plants are or have been in operation. To summarize, uncertainties 

related to technology readiness levels and the barriers this entails are discussed among most of the 

interviewees.  

5.2.2. Financial Barriers 

The barriers that the interviewees mainly focus on revolve around what can be summarised as 

financial barriers. In a multi-case study focusing on Swedish forestry, Peck et al. [16] concluded that 
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the studied industries’ perception of risk has increased during the last decade. These risks are, to a 

high degree, connected to policies and, for example, stability and predictability with regard to 

supporting regulations. Such policy risks have also been discussed among the interviewees in this 

study, where, for example, tax alleviations are mentioned. Additionally, risks are connected to 

investments and the expected costs for producing biofuels. For example, U6 states, “it is a general 

trend. You just don’t dare to take risks”. Of course, this can also be added to the risks described 

regarding policy instruments.  

According to U3, who represents a national authority, competition between biofuels is 

significant, which in turn increases the perceived risks of investing in a certain production. During 

the interviews, the comparison was also made with the situation for high-blended ethanol (E85) in 

Sweden (interview U3; U4). U4, who represents an energy company, says:  

“One barrier is that there is an unwillingness to decide anything that later turns out to be wrong, as was for 

example the case with ethanol in Sweden. You don’t want to do that again. There has been a reluctance to 

determine a winner of technology […] Then there is a risk that there will be nothing at all.” 

Ethanol use saw a rapid increase in Sweden during 2005–2008 [57]. However, since 2012, the use 

of high-blended ethanol has plummeted to around a quarter of the peak volume [5]. Kastensson and 

Börjesson [57] analysed the rise and fall of the E85 market in Sweden and concluded that, even though 

pricing of ethanol compared to fossil gasoline plays a role, it cannot fully explain the deflation of the 

market. Instead, policies and policy instruments were found to be crucial factors—both in the rapid 

expansion of the market and, when incentives were removed, in the market decline. Further, the lack 

of political perseverance contributed to a loss of legitimacy, economic losses for investors, reduced 

willingness to invest in renewable fuels, and an increase in the perceived risks in investing in such 

systems.  

Clearly, the results show that, even though the interviewees find the Swedish forest industry 

suitable for hosting new biofuel production, they have great concerns regarding the technical, 

political and financial barriers of such productions. Next, the barrier defined as interest 

contradictions connected to forests and land use will be analysed. 

5.2.3. Forests and Land Use as Interest Contradictions 

Issues regarding investment costs, technology and policy instruments that interviewees consider 

to be barriers for forest-derived biofuel production have all been identified as key barriers against 

forest-based biofuel production, in this study as well as in previous work [16,21,22,50]. Another 

barrier, which has been described as essential by interviewees representing local/regional and state 

authorities, concerns the question of how to use the forest and conflicts regarding land use. Here, it 

is important to note that this barrier is only emphasised among the authorities, and has not been 

problematised by the interviewees representing developers of the model or representatives from the 

energy or forest industry. One of these interviewees, U1, representing a regional authority in a 

Swedish region, summarises this barrier: 

“My first reflection is that this is a huge conflict area. There are very, very intense interest contradictions in 

this issue.” 

Approaching these ‘interests’ means that focus is turned from questions that presume that 

biomass residues from forests should be used for production of biofuels or other commodities or 

energy carriers, to instead problematising forests as resources. Here, the conflicts involve several 

different aspects, where issues regarding environmental values other than climate change mitigation, 

in particular the issue of biodiversity, are in the centre. Lindahl et al. [58] describe the processes and 

policy objectives that influence the forest policy in Sweden. According to the authors, forest policy is 

influenced by a multitude of different objectives, whereby different interests, although sometimes 

contradictory, are included. These kinds of contradictory interests regarding forests are also 

acknowledged in this study by interviewees representing regional and state authorities. For example, 

U3 states that: 
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“This question also concerns considerations of biodiversity, for example. It is good to have domestic resources 

but there are also animals that can be affected by production. There are disadvantages even though the source 

is renewable.” 

Policy objectives for forests have previously had great visions concerning the possibilities of 

using the biomass for biofuel production. In the governmental bill A Forest Policy in Line with the Times 

[59], the connection between forest policy objectives and climate mitigation objectives is discussed. It 

is concluded that forest-derived resources can and should be used in order to fulfil climate-oriented 

policy objectives. Further, the governmental investigation Possibilities for Intensive Forestry [60] 

describes how forest-derived biomass might have an important role as a substitute for fossil fuels, 

and thereby contribute to climate mitigation. As a result, the demand for forest-derived energy 

production was expected to increase, which meant that forests could be used outside of their 

traditional areas of use. 

In the governmental bill A Swedish Strategy for Biodiversity and Ecosystem Services [61], ecological 

sustainability, in particular values from ecosystem services, was emphasised. The tension between 

biodiversity and production-oriented perspectives of forest-derived bioenergy has therefore been 

discussed amongst interviewees (interview, U1; U2; U3). Interviewees U1 and U2 both represent the 

regional authority of Norrbotten, in a geographic area where 50 percent of the land area is covered 

with forests, and where eight national parks (i.e., 95 per cent of the total national park area in Sweden) 

can also be found. In addition, the area of Laponia in the region is classified as a world heritage site, 

and several villages of the indigenous Sami people are located there [62]. According to U1 and U2, 

the geographical areas that they are connected to in their daily work involve all these different 

interests: the forest as industrial raw material, the possibility to use it for example for biofuel 

production, the forest as tourism, the forest as home for the Sami, etc. U1 says: 

“This conflict has always been here, but it’s more critical now. To a certain point it is a question of climate 

mitigation and how to change the world. We do not agree on how, and that starts to be more evident now.” 

To conclude, interviewees representing regional and national authorities consider that one 

important barrier to forest-derived biofuel production lies in the interest contradictions connected to 

land use. Before moving on to the analysis regarding themes 2 and 3, which both concern 

interpretations of models and model results, it can be noted that this creates a key difference in how 

different potential users, as well as developers, of the case study model look upon barriers regarding 

forest-derived biofuel production.  

5.3. Energy System Models as Tools for Evaluating Drivers and Barriers 

This section will discuss how interviewed developers as well as potential users value energy 

system models in general and, in particular, the BeWhere model. Whereas the previous sections 

focused on the expected drivers and barriers for forest-derived biofuel production in Sweden in 

general, this section contributes the perspective of models and how models—according to the 

interviewees—can be used to capture these drivers and barriers. In Sections 5.3.1 and 5.3.2, the 

following questions will be discussed: How is the case study model BeWhere and its results 

interpreted among the interviewees? How do the interviewees, in general, interpret and value results 

from (energy system) models? 

5.3.1. The BeWhere Model and Interpretations of Its Results 

Section 2.1 gave an overview of the BeWhere model. When asked what aspects of the models 

could be used and why, several interviewees (interview, D1; D2; U3) mention the geographically 

explicit function. According to the interviewed developers, D1 and D2, this function was one of the 

reasons why the model was developed: in order to shape a tool to plan localisations of, for example, 

biofuel production; and also to complement other energy system models. Further, the geographical 

function also serves as a tool for calculating the total production costs of the produced biofuels. In 

order to evaluate such costs, the geographical function can be used to calculate expected 
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transportation costs, depending on where production plants would be located (interview, D1; D2; 

U3). One expectation regarding this function also lies in the progress of the model, and the assumed 

goal of producing a model close to reality. According to D1, the model is updated for every ‘new’ 

scope or area that is studied. Here, specific components might be included and evaluated in the 

model. For example, ecosystem services were included as a parameter when the Alps region was 

modelled using the BeWhere model.  

When describing the model and the reasons for using it, it is also important to problematise who 

the intended users of the model and the model results are. The interviewees consist of civil servants 

from regional and national authorities, but also actors representing or with connections to the forest 

industry. In addition, the developers of the model that have used it for research were interviewed. 

According to the developers D1 and D2, the intention is that the model will progress from being used 

only for research, to also being used as a tool for policy makers, or, as D1 states: 

“As guideline for policy makers in order to provide information of policies to implement in their regions or 

country to produce specific biofuels. It is mainly a tool to help policy makers.” 

Thus, among the interviewees, it is clear that potential users of results from the model mainly 

consist of civil servants investigating biofuel production in a national, but also in a regional context 

(interview, D1; D2; U1–6). In addition, the interviewees representing the forest industry also see 

themselves as potential users of the results presented from the model (interview, U5; U6). 

5.3.2. Reflections on Models and How They Could (and Should?) Be Used 

In this section, interviewees’ general reflections on models will be problematised. A general view 

among the interviewees is that models and the results from models can and should be used in 

investigations and as a basis for decision-making. According to U3, representing a national authority, 

models and their results are often used within the authority in order to prepare decision-making, but 

also as scenarios in investigations with the same intention. According to U1 and U2, models can be 

used in order to legitimise a standpoint in situations where conflicts of interest appear. However, 

using models is also associated with a complexity, mainly concerning what has been referred to as 

“the black box”. According to the developers of the model, models are often seen as black boxes, 

giving results that might be (too) complex to understand without analysing the data that goes into 

the model. One of the developers, D2, states: 

“You have to be modest and understand that it is a tool whose results depend on the input.” 

This is also recognized by U4 regarding the studied BeWhere model, i.e., that this kind of energy 

system model might be very sensitive concerning the input. Thereby, the results can also change 

considerably when changing the input. Further, U4 states that: 

“The presentation [of the results] must be complemented with an interpretation.” 

Hence, according to U4, the results from energy system models must always be explained 

further. This is also emphasized among the representatives from state and regional authorities. In 

order to use the results from models as a basis for decision-making, it is essential to understand the 

assumptions that have been integrated in the model, and which have thereby influenced the results 

(interview, U1; U2; U3). A further consequence of this is, according to U1 and U2, that it is important 

to critically investigate who has developed the model and why, before even starting to analyse the 

results from it. Here, models developed in academia or models used within governmental authorities 

should also be critically evaluated before being exercised in a public authority, such as the authority 

that U1 and U2 represent. In addition, U3 exemplifies the opposite perspective, where results from 

models have been used outside of their contexts. For example, when parts of the results from a model 

that analyse energy markets are used in order to predict employment market policies, when the 

model is not developed to analyse such components. 

Even though the developers of the model used as case study here, and the potential users state 

that this model, as well as other models, could be used for decision-making and for governmental 
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investigations, for example, they are nevertheless very concerned regarding models in general and 

how they are used. Mainly, this concerns the use of models where the results are interpreted as ‘facts’ 

or truth. U3 exemplifies this: 

“Sometimes results are presented as precise facts. […] If you write 44.9, why not write 45? Now and again you 

hear that decimals should not be used because it’s ridiculous in a 30-year perspective. Of course, you can receive 

an answer that is mathematically exact. But that doesn’t have anything to do with the future.” 

This is also problematised by U4, stating that a model can never be understood without the input 

from researchers working with it. “The model can never become better than its input, the 

assumptions made”, according to U4. This means that a model and the results from the model must 

be understood as a synthesis from the different assumptions made by the developers of the model. 

The different assumptions that become the model input could be a strength for the model because it 

considers many different perspectives when the results are calculated. Conversely, erroneous 

assumptions might harm the results considerably. That is, the more assumptions that are included in 

a model, the higher the probability of a flawed output from the model.  

Finally, reflections from interviewees also contain the perspectives that models can never 

include. For example, U3 mentions how anthropological studies have found that house owners 

investing in solar cells were influenced by their neighbours as much as by policy instruments from 

governmental authorities. That is, social factors cannot be modelled, but might have a great influence 

on the context that the model is trying to analyse. Similarly, that many actors’ perception of risks 

(e.g., political, technological and economic risks) has increased over time is not captured by the model 

studied here, but may have a large influence on the willingness to invest. This timing aspect is, for 

example, mentioned by both U4 and D2, and confirms findings by Peck et al. [16] and Kastensson 

and Börjesson [57]. 

6. Concluding Discussion 

One purpose of this study has been to investigate if and how energy system models can help in 

analysing obstacles and opportunities for forest-derived biofuel production. The existing energy 

system model BeWhere has been used as a case study in order to build a bridge between the 

theoretical framework and examples of real-world application. Hence, potential users and developers 

of the BeWhere model have been targeted in the interviews in order to investigate what barriers and 

drivers they perceive, and to compare this with what is actually captured by the model itself. In this 

section, we will discuss the discrepancies we have identified between potential users’ interpretations 

and the scope of the studied model. In the discussion, the theoretical concepts from Section 3 will be 

used in order to problematise the results from the interviews as a matter of expertise.  

Earlier studies (e.g., [16,21,22,50]) have indicated several obstacles regarding forest-derived 

biofuel production in Sweden. First and foremost, policy-related aspects (or more specifically, lack of 

predictably stable policy conditions) have created difficult conditions for large-scale deployment of 

this kind of biofuel production, which in turn has led to a perceived higher risk now, compared to a 

few years ago. In addition to this, lack of coordination among different actors, weak industrial 

participation, conservative organisational industrial culture, low fossil fuel prices and lack of 

financing constitute obstacles.  

In general, energy system models are good for identifying and analysing various economic 

barriers for the introduction of, for example, renewable energy technologies. In contrast, they usually 

over-simplify or omit the relationships between the energy system being studied and other issues, as 

was concluded in an extensive energy model review by Nakata et al. [43]. In this regard, the studied 

BeWhere model is no exception. It has thus mainly been focused on and developed to analyse 

opportunities and barriers related to geographical localisation, and strategies for reducing supply 

chain costs in order to minimise the cost gap to fossil fuels, as well as to investigate necessary policy 

support in order to make investments feasible.  

According to Oreskes [40], a model can be used in order to ask ‘what if…?’ questions. In this 

respect, the interviewed potential users of the model studied here find the BeWhere model useable 
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as part of the investigation needed for decision-making—e.g., as an exemplifying scenario. Even 

though the model could help to illustrate different scenarios and support decision-making, the 

obstacles that potential users foresee concerning forest-derived biofuel production are, nevertheless, 

mainly found outside of the components that influence the results of the model. Instead, the barriers 

that potential users find most critical focus mainly on social and, to a certain extent, on political factors 

that are not acknowledged in the model. Whereas interviewees representing the forest industry see 

unpredictable policy instruments as an obstacle that influences future action (compare Peck et al. 

[16]), interviewees representing regional and state authorities interpret interest contradictions 

concerning land use as most critical. Policy instruments on the state and EU level constantly change, 

but can also be acknowledged as a ‘what if…?’ question in an energy system model like the BeWhere 

model. On the contrary, issues like interest contradictions involve a multitude of actors and interests 

connected to ecosystems and ecosystem services, interests and rights of indigenous people, interests 

of business and enterprises, all interfering with the interest of producing biofuels based on forests. 

That is, several interests interfere in a geographical area, which results in a complex mess of interests, 

illustrating how the reality studied in the model can never be understood as a ‘closed system’ [40]. 

The potential users of the BeWhere model, as well as the developers of the model, are indeed 

aware of what a model can illustrate and what questions it might answer. However, in order to make 

the model realistic, it is constantly under development, including the addition of more parameters to 

be able to answer further questions. For example, one of the interviewed developers even mentions 

plans to include social aspects such as attitudes towards biofuel production in the BeWhere model in 

a Finnish case study. Even though this might be useful, and could be required by potential users, the 

increased number of parameters functioning as input to the model also results in increased 

uncertainty regarding the output. The complexity paradox, according to Oreskes [40], means that the 

more variables and parameters that are added to a model, the more uncertain it in fact becomes. 

Potential users, as well as developers, have proved in this study to be rather sceptical towards 

models, and the kinds of questions they can answer. Nevertheless, the interviews illustrate how 

interviewees believe in increased components and complexity as factors that might improve the 

model, while, according to Oreskes, it might as well be the other way around. Again, the closed 

systems that models represent can help answer certain ‘what if…?’ questions, but the more 

components there are, the more uncertain they become.  

Finally, how can this study help us to understand how models can be used as ‘tools’ in decision-

making? The BeWhere Sweden model, which has been the example in this paper, could obviously 

help to illustrate opportunities and obstacles regarding forest-derived biofuel production in Sweden, 

similar to how the BeWhere model in a smaller geographical context has previously been used to 

analyse the design of a charging infrastructure for electric buses [35]. However, on a broader level, 

the study also illustrates the complexity that characterises this policy area, where a multitude of 

different interests interact and where an energy system model can answer some of the ‘what if…?’ 

questions, but never all of them. That is, the study shows how actors involved in investigations 

regarding forest-derived biofuel production are mostly concerned due to parameters that are not 

easily included in a parameterised energy system model.  

Hence, the paper illustrates two important aspects: (1) researchers and experts involved with 

energy system modelling must reform the way they design, operate and present models and model 

outputs, and also engage in deeper interaction with actors from different sectors in order to more 

explicitly make society the subject of the work; and (2) the belief of expertise as a tool for consensus 

in decision-making must be questioned.  

Future studies should therefore further investigate how energy system models are actually 

interpreted among their users, and how they are actually used for policy-making—not just how they 

are intended to be interpreted and used. 
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