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An interdisciplinary view on the future prospects of bio-energy feedstock trade for bio-energy production.
Abstract:
Climate change mitigation and peaking oil are forcing the world into an energy transition. Energy production from biomass is one of the alternatives for fossil fuels and could be a promising source of renewable energy. Estimated bio-energy potentials range from 200 to 500 EJ/Yr in the present to 1500 EJ/Yr in 2050. However, the immense biomass volume needed for energy production puts fertile land and all natural resources needed for agriculture under high pressure...
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Note: 
It is for all disciplines that conduct research in the field of renewable energy and climate change, relating to any form of energy that is derived from biological sources, of uttermost importance to give a clear explanation of their use of terms and to carefully make use of these terms. In current literature definitions and concepts are commonly conflated and often not clearly defined. Literature search on the topic of bio-energy is complicated due to the different meanings that are being given to concepts such as biomass and biofuel. Biomass and biofuel are collective nouns referring to different types of energy and energy material derived from biological sources. The discussion about bio-energy is troubled by the complexity of the bio-energy field, which consist of many varieties, generations and types of biomass and biofuel. Arguments are often being made without making a clear reference to what is applicable to the collective noun and what to the specific.


1. Introduction
The continuous growth of global energy consumption poses an important challenge in terms of energy supply and security. Today’s world energy supply consists mostly of fossil fuels. In 2008, fossil fuels represented 60% of the world’s energy supply (EIA, 2008). Most of the global oil and gas reserves are located in a small group of countries in the Middle East and around the Arctic, forming a vulnerable energy supply with serious implications for the energy security of importing countries (Shafiee & Topal, 2009). Another problematic case regarding the production and usage of fossil fuels are the numerous environmental problems that arise, such as air pollution, greenhouse gases emissions and environmental degradation. (Goldemberg, 2009; Shafiee & Topal, 2009).

Foregoing has forced the world into an energy transition. This energy transition is taking place at various levels, in different domains under varying conditions with many and diverse constraints and interests. In the worldwide search and development of an alternative energy supply, based on cleaner and renewable energy sources, the use of biomass is a commonly considered option. As indicated by a wide variety of policy strategies and scenario studies that address future energy supply and the reduction of greenhouse gas emissions, biomass is expected to play a major role as a renewable energy carrier in the next few decades (Dornburg et al., 2010; IEA, 2010). 

Biomass can be used to produce bio-energy. The various characteristics of diverse sorts of biomass result in different conversion routes, energy efficiency and end products (Agbontalor, 2008). Modern use of biomass is thought of as a promising option because it is widely available, it can be used for power generation and transportation fuels and it has a potentially net effect of reducing CO2 emissions (Rogner, 2000). However, the increasing use of biomass for energy – in particular, the use of biofuels – goes hand in hand with controversy and heated public debate, in which conflicting claims are made regarding the sustainability of biomass practices. A lot of controversy exists about the effects of increased bio-energy use for interrelated factors such as water availability, agricultural commodity markets, biodiversity, food prices and land availability (Dornburg et al., 2010).

Studies have shown that current climate policies in various Western countries, as a response to peaking oil and climate change mitigation, are key drivers behind large-scale production and trade of biomass (Faaij & Domac, 2006; Faaij et. al., 2006). International agreements urge nations to make decisions about the design of their future energy systems and about the trajectories of how to reach them (Raven, 2004). In order to produce ‘green’ energy, countries are setting up long-distance bio-energy transport operations. Organic by-products, residues and biofuels are imported from countries in Latin-America and Asia in order to comply with the ‘green’ energy demand. The reason that some countries have a much larger bio-energy production potential than others is due to large land areas, a low population density and extensive agricultural practices. As a consequence, various regions become net suppliers of bio-energy to regions that are net importers of energy (Damen & Faaij, 2003). 

This paper will examine the characteristics and effects of the upcoming trade of bio-energy in an interdisciplinary way, making use of disciplinary insights of three different disciplines, namely: earth sciences, political sciences (with a focus on international relations and political economy) and ecology. As a result of combining the insights of these different disciplines a theoretical framework is formed, which will be discussed in chapter two, together with the methodology of the research. Subsequent the results will be presented in chapter three and finally conclusions and recommendations will be made in chapter four.

1.1 Purpose, objectives and scientific relevance
The purpose of this interdisciplinary paper is to examine a specific development in the upcoming bio-energy industry, the international trade of bio-energy feedstock. 
As bio-energy feedstock is the starting point and fundamental resource of all bio-energy applications and developments, it is an important and interesting determinant to investigate the emergence of bio-energy use and its impacts on the international level. Biomass feedstock here is defined as all biomass that does not contain food parts and is not first generation biofuel feedstock; the end use of this biomass feedstock is not specified and will in general be used either for power generation or biofuel production. First generation biofuel feedstock is excluded because of the sincere doubts and controversy about the sustainability of this kind of renewable energy (also among the writers of this report). The research focuses explicitly on bio-energy feedstock and does not specify on bio-energy end products and their sustainability in terms of energy efficiency and CO2-emissions. By looking at bio-energy feedstock the research focuses on the impact and sustainability of the emergence of biomass as a energy source in general; the sustainability of biomass as a energy resource is assessed rather than the sustainability of specific and different sorts of bio-energy. 


Also bio-energy feedstock is an interesting research phenomenon because of its major potential in supply and its interesting political-economical dimension due to the profound effects of this international market. The extremely complex nature of bio-energy, as a result of the many different technologies involved and the large number of associated aspects (socio-economics, greenhouse gas mitigation potential, alternative to peaking oil, biodiversity etc.) and sectors (agriculture, energy) make this whole topic a complex subject (Domac & et Al., 2005). This complex nature lends itself to numerous disciplinary research. Therefore the field of bio-energy research is rich and diverse and has produced important insights in issues surrounding the upcoming use of bio-energy. However it is also inherent to this complex nature that disciplinary studies have not been able to explain this development comprehensively and create a theory that explains the emergence and use of bio-energy in all its complexity and helps to resolve the controversy surrounding the topic. By using an interdisciplinary approach it is the research aim to produce new interdisciplinary knowledge and acquire a more comprehensively and broader view on this subject. The upcoming industry and market for bio-energy feedstock is at the interfaces of different disciplines, governments and stakeholders, which makes an interdisciplinary approach favourable.  

In order to offer an interdisciplinary, adequate and comprehensive view on the role of bio-energy feedstock in the imminent energy transition presently and in the future, this paper tries to answer the following research question:  What are the effects and future prospects of the upcoming trade of bio-energy feedstock?

The objectives of the research are:
· To explore current drivers regarding international bio-energy feedstock trade 
· To identify important political-economic and environmental effects and consequences of international bio-energy feedstock trade
· To analyse international bio-energy feedstock trade in a multi-level perspective and its role in the global energy transition.
· To propose recommendations for further research on international bio-energy 
feedstock trade.

Above mentioned objectives can also be read as sub-questions. By answering these questions it is the aim of this paper to contribute to the discourse on the continuous issues concerning international bio-energy feedstock trade and its role in the global energy transition. It provides and in-depth analysis of the socio-economic and ecological implications of the international bio-energy feedstock trade.



2. Methodology and theoretical framework
To deduct an attainable answer to the focus question and sub-questions this paper uses an integrative approach making use of three disciplinary perspectives (political sciences, earth sciences, ecology) on the subject of bio-energy feedstock trade. The research design consists of a qualitative approach. The data has been acquired through a collection of methods including (1) literature review and (2) primary document review. The primary sources include scientific articles, governmental documents and reports from various non-governmental organizations. Secondary sources have been used to provide context and to analyze primary sources. The aim is to integrate knowledge generated by the different disciplines involved in the research to come to a more comprehensive view on the aforementioned developments in bio-energy feedstock trade.


In order to come to an interdisciplinary view the related disciplinary elements (phenomena, assumptions, epistemology's, concepts, methods and theories)  which pertain to the problem are determined. By redefining, combining and reorganizing overlaps in perspectives, insights, concepts and theoretical elements, latent commonalities and interrelated regimes were identified (Repko, 2008). 

This paper uses a multi-level approach as theoretical guide. The basic idea is that in order to assess the impacts, successes and failures of an upcoming technology, in this case the upcoming use of bio-energy, it is necessary to take a broad approach including the context in which the technology is applied. A multi-level model points at the interactions of a system with different regimes. The most common used definition of a regime is a set of explicit or implicit "principles, norms, rules, and decision making procedures around which actor expectations converge in a given issue-area (Krasner, 1983). Due to the complex nature of the bio-energy system it is part of a large set of different regimes (energy, ecological, technical, agricultural, hydrological etc.)

Our multi-level model is a result of the involved disciplinary perspectives on the bio-energy feedstock system as a part of different regimes, both an environmental regime and an energy regime. These regimes are overlapping and interrelated. The third level is the level of the socio-technical landscape, which includes wider factors such as fluctuations of oil prices and other political-economic factors, international/European policy or national political culture. This level incorporates the events and developments that have a large influence on technological development, but cannot be influenced by actors in the regime (Raven, 2004). This includes fluctuations in energy prices and changes in political culture, but also sudden events such as unexpected interrelations or disasters occurring. The food crisis of 2008 as a result of the large implementation of first generation biofuels is a good example and has had a large impact on the developments in the bio-energy field.

The development of technology, such as bio-energy applications, is still often regarded as a linear process from idea to commercial exploitation. The technology is invented by (a group of) engineers, it is tested out in laboratories, and then brought to the market where it starts its diffusion among users (Raven, 2004). However  this process from engineering to commercial use is especially in the case of socio-technical transition goods not that simple and determined by a range of other dynamics such as macro-developments, micro-incidents, existing infrastructures, existing technologies, beliefs and interests of different actors (Raven, 2004). Our model departs from recognizing the multi-leveled character of this socio-technical development. It builds on the concepts of above mentioned regimes in which bio-energy feedstock is considered as a multi-leveled socio-technical transition good in development at the interface of this set of interrelated regimes. These characteristics (multi-level and interrelated regimes) are overlapping with the transition management theory. 

Transition management theory (TMT) attempts to overcome the conflict between long-term and short-term thinking, a conflict that lies at the heart of most environmental related problems (Kemp & Rotmans, 2001). Based on the idea that solving the major environmental problems requires system innovation involving long drawn-out transformation processes comprising technological, economic, socio-cultural and institutional changes, TMT is often applied in relation to the energy transition (Kern & Smith, 2007).

Energy systems can be characterised as socio-technical systems, in which bio-energy can be seen as part of an energy system and as a transitional good.  By placing the short-term policy in the light of the long-term ambitions in a structured way, TMT is based on a process oriented philosophy that balances coherence with uncertainty and complexity (Kemp & Rotmans, 2001). The following characteristics apply to TMT (Rotmans, Kemp, and van Asselt 2001; Rotmans et al. 2000): 

· Long-term thinking (at least 25 years) as a framework for shaping short-term policy
· Thinking in terms of more than one domain (multi−domain) and different 
· Actors (multi−actor) at different scale levels (multi−level)A focus on learning and a special learning philosophy (learning−by−doing and doing by learning)
· Trying to bring about system innovation alongside system improvement
· Keeping a large number of options open (wide playing field)


It is the aim of TMT to assess and monitor ongoing transitions in order to  attain a greater understanding of the process of transition. This paper makes use of TMT approach to put bio-energy feedstock trade in the perspective of an ongoing transition towards a cleaner and sustainable energy system. Thereby a multi-level model can be fruitfully adopted to clarify the complexity of this innovation. 


3. Results
3.1 Drivers for bio-energy feedstock trade and global energy potential
In the last decade, bio-energy trade has experienced an development of growth opportunities. Whereas growth first started on both local and regional levels, bio-energy trade today is becoming more and more international. In countries in Europe, such as  the Netherlands, Sweden, Finland and the UK, imported biomass already accounts for 21 to 43% of the total biomass use (Junginger et. al., 2008). It is important to note however, that statistics regarding international bio-energy trade are often incomplete due to the lack of information. Bio-energy trade statistics are often hidden and embedded in more traditional trade flow data of wood products, agricultural products, energy carriers and food products. As a consequence,  the true volume and composition of bio-energy trade is very difficult to obtain. 

Important drivers for international bio-energy trade in general are the large resource potentials and low production costs in exporting countries and the high fossil fuel prices and policy incentives to use sustainable energy in the form of biomass in importing countries. Current drivers behind international bio-energy trade are diverse but they can be structured and described as following (Faaij & Domac, 2006; Faaij et. al., 2006):

Raw material/biomass push. In most countries with a biomass resource surplus push strategies can be found. Examples are ethanol export from Brazil and wood pellet export from Canada.
Market pull. Suitable structures of the leading big utilities makes efficient transport and handling possible due, for example, low fuel costs.

Utilizing established logistics of existing trade. Much of the bio-energy trade is conducted in integration with the trade in forest products, especially in Northern Europe. Other types of integration that facilitate bio-energy trade is the use of ports and storage facilities and organizational integration to keep transactions costs low. Examples are the import of residues from the food industry to the Netherlands and the UK.

Policy incentives and support institutions. Driving forces behind international bio-energy trade have been strengthened  by national and international policy incentives based on political decisions which triggered the expansion of bio-energy trade.

Fuel security. The import of bio-energy results in a diversification of the energy portfolio of importing countries, reducing the risks of supply disruptions in both price and quantity.

Socio-economic development. Studies show a positive link between developing bio-energy use and local development. For various exporting countries bio-energy trade may result in substantial benefits for their trade balance.


Global energy potential from bio-energy
Just as it is difficult to calculate bio-energy trade volumes, it is hard to measure the global energy potential derived from bio-energy. According to Dornburg et. al. (2010), potential calculations range from 1500 EJ/yr in 2050, based on the highest technological possibilities and an agricultural system with high yields, to zero potential in 2050 with low agricultural yields and maximum population growth. They estimate the global bio-energy potential to be 200 to 500 EJ/yr. The most important factors that influence this potential are water availability,  land availability and soil quality.

Berndes et al. (2003) argue in their review of 17 studies that the most crucial parameters in calculating future potentials are land availability but also yield levels. They do not present global estimates but do give individual examples of different  types of biomass. For example, the potential of biomass from plantations are estimated around 47 to 238 EJ/yr. Potentials from residues are not specifically mentioned because, they argue, its share is to small. Dornburg et al. (2010) also state in their conclusion that the potential of biomass residues and organic wastes will be low in the future.

Yamamoto et al. (2001), on the other hand, argue that the potential of bio-energy from biomass will be heavily influenced by food demand between 2050 and 2100 and energy from biomass residues will be stably grow up to 265 EJ/yr in 2100.

Hoogwijk et al. (2003) give an global estimate of 35 EJ/yr up to1135 EJ/yr by 2050. They state that land availability is influenced by food demands, which is influenced by diet, population growth and food production methods. The share of biomass residues and wastes increase when agricultural production increases, hence when food demand and production rises. Therefore, its share increases when more land is used for agricultural production instead of biomass production for energy purposes.

In short, calculating and measuring future potential is rather difficult. Every model or study uses different parameters. What remains clear, however, is that future bio-energy potentials depend mainly on land quality, water availability and population growth.


3.2 Environmental and socio-economic challenges of biomass and biomass feedstock trade 
While bio-energy from feedstock is often portrayed as an valid solution to various problems related to energy scarcity and global warming, there are certain important consequences that need to be taken into account. The growth of international bio-energy trade can result in a conflict with the growing demand for food, for example. It can furthermore threathnen sustainable land use and result in unwanted CO2 emissions. 


Land Availability 
The availability of land that is used for agricultural purposes mainly depends on which factors are taken into account when the sum is added up. Some calculations take only arable land into account, others also incorporate degraded lands (Demirabas, 2005; Hoogwijk, 2003; Berndes et al., 2003). The way these lands are treated, used and managed are becoming of even more importance in the future. Technical developments will need to be made in order to achieve higher yields and still maintain a sustainable way of land cultivation. This is all not only necessary because of the growing world population which is going to put an enormous pressure on the world’s food production resources, but also because of a growing livestock population that needs to be fed (Hoogwijk, 2003; Doornburg et al., 2010; Fischer et al., 2010; etc.). Land use change is also very connected to social economic problems. Multinational cooperation’s are very powerful and extensive agricultural activities could displace small farmers from their land. 

Water management
Because of changing rain patterns due to climate change, and a lack of sufficient research on the subject, little is known about the subject in order to the production of any biomass product. What is know is that water is a limiting factor in growth, and that it is needed for an healthy agricultural system. Because of a growing use of water in households and industrial sectors, water allocation will be an important topic over the next few centuries. New techniques need to be developed in order to use water more efficient in all sectors (Dornburg et al., 2010).

Greenhouse Gas Emissions
One of the drivers behind the development of bio-energy stems from the fact that it is supposed to reduce the greenhouse gas (GHG) emissions, since the only products that are emitted during combustion of biomass are the ones that are stored earlier in the biomass as a result of photosynthesis (Dornburg et al., 2010; Roelofs, 2002; Demirabas 2005). But these emissions are not the only ones that have to be taken into account when analyzing the global GHG balance. The net GHG balance depends on which crop has been used, the kind of agricultural management, the co-products that are produced, the type of energy that is produced for production, the land use changes that occur and the fossil energy that is replaced by the biomass that is used for energy (Dornburg et al., 2010). Soils and plant biomass are the two largest biomass terrestrial stores on the planet. By converting lands from native habitats to croplands in order to use for agricultural biomass production, large amounts of CO2 are emitted by the oxidation of biomass and microbial decomposition of organic carbon (Fargione et al, 2008). 

Soil Quality
All crops take up nutrients from the soil when they grow. When the crops are taken away the soil needs to be fertilized again in order to avoid nutrient limitation and declining yields. Here we can identify a trade-off. The problem is that fertilizers are produced out of fossil fuels and the production of fertilizers is very energy intensive. In addition to the use of fertilizers, crop residues play an important role in keeping agricultural soils healthy. Furthermore, residues play a vital role in soil erosion control, maintenance of soil structure, moderation of soil moisture and temperature regimes, residues are an energy source for soil biota, and most important; residues are the major source of soil organic matter (SOM). Decomposition of SOM by soil biota is a major source of macro- and micro nutrients (Reijnders, 2004). Decreased SOM enhances reduction in soil aggregation and soil structure, which affects the habitat and energy balance of microbial processes. These processes are very important for the recycling of nutrients and crop growth (Lal, 2005). Furthermore, application of nitrogen fertilizer has been recommended to increase SOM after cultivation (Rasmussen, 1988), which again leads to higher energy inputs. However, residues have a higher energy output/input ratio than energy crops (Börjesson, 1996). Using forest residues as a fuel offers savings in GHG emissions as well, compared to fossil fuel use. Marland and Schlamadinger (1998) calculated that using forest residues as a fuel instead of coal could save 25-160 ton of carbon per hectare of forest in twenty years. SOM content, however, is not only important for agriculture production, also tree growth in forests can be affected by decreased levels of SOM (Perry, 1998). When big amounts forest residues are depleted from the forest, SOM content could decrease which could lead to a change in the ecosystem.

Besides the negative effect of yielding residues from the land regarding soil health, GHG emissions could also increase due to residue extraction. Generally organic carbon is stored in vegetation, litter and soil. Within the soil SOM is the biggest carbon sink, and because of its large proportions even the smallest change in SOM can have an effect on the GHG balance (Cherubini and Ulgiati, 2010). Although the rate of carbon sequestration in soils is extremely variable and could also be zero (Schlesinger, 1999), the crop residues initially would have add carbon to the soil and contribute to the soil as a carbon sink. When residues are used as an energy source, all the carbon stored in the residues will be emitted to the atmosphere as CO2.

4. Bio-energy feedstock trade in a multi-level perspective
Taking into account all these interrelated regimes, has consequences for the assessment of the bio-energy system because in general it broadens the scope of interrelated dynamics and interdependency's. It also lengthens the chains to assess, such as production, impact and sustainability chains. A structural identification and assessment of these chains is needed because of the scale and range in the bio-energy developments that are taking place. 

Gupta and Lima argue that afore mentioned characteristics also apply to the political dimension of the bio-energy system. Gupta and Lima describe the importance of a multi level political framework referring to following features: (a) the driving forces for biofuels are largely global; (b) the impacts of biofuel trade are beyond the governance capacity of countries or non-state actors; (c) the issue has a complex North-South dimension, as most impacts take place in developing countries while most demand is in the North;
and (d) there are a number of conflicting views on biofuels which need to be resolved democratically (Lima & Gupta, 2009).

Environmental problems are receiving more attention in the regime, but in terms of 
guiding principles, they rank below the issues of low cost (as part of industrial policy), reliability, and diversification.

In technical and functional aspects, this innovation is close to the existing 
regime, and does not require too many adaptations in existing practices. 


5. Discussion, conclusions and recommendations.
Even though there is a lot of attention in literature for issues concerning bio-energy and its emergence, developments and consequences, they remain individually assessments and disciplinary analyses of these issues. A broad, systemic and fundamental discussion about the governance of bio-energy is missing. A debate which assesses the bio-energy system as a whole with respect to its complex and far-reaching nature remains rare. The multi level approach which we suggested in the theoretical framework is an attempt to review the bio-energy system in all its complexity and to reveal the range of regimes that the system is related to. 
The main conclusion is that the main problems in monitoring and governance of the bio-energy in the energy transition can be explained by vast rate of developments and the complexity of the bio-energy system but also by a mismatch of knowledge integration and not sufficiently and efficient chain linking between related regimes. 
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