STRATEGIC DESIGN OF BIOSNG SUPPLY CHAINS
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Abstract
Natural gas could play an important role in the transition between fossil and renewable fuels as a potential substitute for fuels with higher CO2-intensity like coal. Although unconventional fuels like tight gas sands and shale gas are growing in popularity, the debate about their environmental impact is still open (EA, 2013; EPA, 2011). In this context, the development of new technologies for the production of synthetic natural gas (BioSNG) from renewable resources emerges as an important alternative to be considered.

While extensive research has been devoted to develop efficient and scalable technologies for the production of BioSNG from different sources (e.g. wood, energy crops and municipal solid waste), most of the efforts have been focused on thermochemical routes. Gasification, whose applicability has been extensively demonstrated for coal, represents one of the emerging commercial technologies for thermal conversion of biomass. Biomass gasification is a very efficient technology with the potential of becoming a critical stage in the production of synthetic fuels (NREL, 2012; van der Meijden, Veringa, & Rabou, 2010). 

Despite all best efforts, production of BioSNG is rarely regarded as profitable, with high investment costs being a key obstacle in the economy of biofuels production. Several authors are working on the development of pre-treatment technologies as a previous step of gasification to obtain intermediate products with higher energy density.  The implementation of these technologies may improve the economics of the global production chain by reducing both transport costs and the size of installed capacities required for gasification (Magalhães, Petrovic, Rodriguez, Putra, & Thielemans, 2009; Uslu, Faaij, & Bergman, 2008).
Unfortunately, there are still numerous aspects to be considered to achieve a better understanding of the system and identify synergies inherent to the nature of the problem. In order to address the problem, this paper presents a spatially explicit, multi-period mixed integer linear programming (MILP) to address the strategic design of a second generation supply chain for BioSNG production. The decisions include feedstock logistic (transport modes, capacities, destinations); technology selection, locations and scales of BioSNG production facilities; economies of scale; location and cultivation rate of new energy crops; BioSNG production rates and transportation logistics  as well as optional generation of heat and power. 

A case study of the UK is proposed to demonstrate the applicability of the model. The relevance of pre-treatment technologies on the production of BioSNG is studied in a national context. In addition, it is also evaluated the impact of power generation on the economics of BioSNG production as well as the mechanisms implemented by the government to support the sustainable generation of synthetic fuels.
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