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Overview
 
Supply chain management involves all of the activities in industrial organizations from raw material procurement to final product delivery to customers. The main aim in supply chain management is to satisfy production requirements, while optimizing the economic objectives. In traditional fossil fuel supply chains, huge amounts of fossil fuels are transported via pipelines or tankers with very small costs. These fuels can be transformed into other sources of energy or transportation fuels at their destination points.  This supply chain structure results in creation of global energy markets and has made the fossil fuel based energy systems the dominating energy technologies in the world. Unfortunately, the consumption of fossil fuels now represents the major cause of climate change, and as a consequence, the viability of the fossil fuel supply chain is becoming increasingly questioned.
 
Furthermore, whilst biofuels represent a sustainable alternative, the biofuel transportation channels are not as well developed as fossil fuels, are more expensive, and may be restricted by the perishability of the raw product. Thus, the development of biofuel supply chains may introduce a move from global energy markets to locally distributed energy supply chains: local plantations transformed into biodiesel in local production facilities and –usually- consumed within the same region. 
 
Different species have been researched by many researchers as possible sources of biofuel. Although only in use for a relativity short period, Jatropha curcas is being championed as a revolutionary biofuel feedstock thanks to its environmental, economic and social benefits. Being a very resilient seed, it can grow in land which may not be considered nutritious for most crops. It can resist drought for up to three years and can be intercropped with many staple crops such as coffee and sugar. Since it is not a food source, it doesn’t involve in the ‘food vs. fuel’ debate.  It is usually found and best grows in the more economically depressed regions of the world.  Plantations of Jatropha and production of biofuel can create new job opportunities and an economic resource for people living in subsistence areas and these places can greatly benefit from further development of Jatropha. However, its success will depend on construction of a successful infrastructure for its supply chain. The cultivation of the plant, the production of the biodiesel, its distribution and marketing channels are developmental challenges. Thus, according to Caniëls et al. (2007) the Jatropha supply chain is characterized by being “highly dynamic and subject to uncertainties” and is a “dynamic adaptive system”, such that “the conventional preoccupation of the bulk supply chain management studies with detailed optimization and control is not so well suited to the requirements posed by this dynamic and unpredictable situation” 
Methods

The application of a dynamic adaptive systems approach to this problem requires an evolutionary representation of the behaviour of the systems from a ‘bottom up’ perspective. The agent based simulation methodology models each of the individual agents, and their interactions with each other. This enables the user to examine the consequence of learning effects, the possible interactions of different agents with each other and outside systems and to gain insights of the net results of possible changes made in the system. The dynamic, emergent nature of the Jatropha supply chain makes agent based simulation methodology the preferred tool for this study.
 
In our model, the agents are the farmers and the refining facilities. In each period, the farmers can decide to plant Jatropha, to intercrop it with other plants or not to cultivate it at all. At this point, the decisions of the farmers depend on the incentives they receive from the refiners, the success of their own decision in the previous year and the success of their neighbouring farmers’ decision in the previous year. This last decision criterion is added in order to capture the word-of-month effect which is known to be very effective in new technology adaptation. The refinery can choose the ownership of the land -decide to buy its own land and plant its own Jatropha or to work with the local farmers. Working with the local farmers introduces new challenges as requirement of training or contracts to encourage farmers to plant Jatropha. The model captures the well known learning effects either by doing –planting- or by experimentation -training by the refinery-. The collected seeds can be cut either by the refinery or the company can outsource this to some local organizations. The seeds are transformed into biodiesel which can be sold in the local markets or exported to international markets. Also, the company can decide to start a new facility depending on the transportation costs of the raw material, the efficiency of the existing ones and the ability to sell product. This decision problem is important in the sense that it enables the coordination between the farmers’ allocation problem for Jatropha and the risks of overproduction of the plant. Agent based modelling is a very effective approach in modelling this coordination problem.
Results

The model has been developed by using plausible reference data. This has yet to be fully calibrated data from the investor companies. However, from this model derive managerial insights and prospects for the future. A key result relates to the short and long term effects of corporate ownership and development versus engagement in infrastructure building, education and facilitating autonomous decisions of farmers. We exploit the differential ownership and rate of adaptation of the farmers. Our results suggest that the farmers are more concerned about the commitment time of the Jatropha plantation, and lead time to build a new facility plays a major role in the take-up dynamics. This is plausible given the poverty of the farmers and their attitude to risk. This attitude results in inefficiencies in supply chain performance. These results suggest that the supply chain performance might be improved by effective contract designs, which is a further research topic.
Conclusion
In this study it has been shown that agent based modelling is a very useful tool in modelling an evolving supply chain since it models the interactions between players which can change over time. Our model is able to capture the inefficiencies in the chain and give managerial insights on which echelon of the supply chain should be improved. Different scenarios are being developed to analyse the effects of changes in the parameters and player behaviours. Next step in our study will be to enhance the detail, which will enable us to analyze the chain and its evolving dynamics in a greater detail.
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