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		Abstract

		Bioenergy combined with carbon capture and storage (BECCS) is projected to be an important technology option for climate change mitigation. However, the mitigation potential and feasibility of the large-scale deployment of BECCS depend on factors that include co-location of suitable storage basins and biomass resources with low-carbon stocks. Moreover, most energy transition and bioenergy assessments ignore the mitigation potential of existing oil refineries, which are major components of current energy systems. Using an energy system optimization model, we propose an approach to parameterize a) the dynamic evolution of BECCS value chains by considering regional spatial constraints and b) decarbonization measures of existing oil refineries. We used this approach to analyze the pathways involved in greenhouse gas mitigation in the Colombian energy system.Our results show that modern bioenergy could contribute 0.8–0.9 EJ/y (48–51%) to the final energy consumption by 2050 in an ambitious scenario at a system cost of 29–35 B$/y. Advanced biofuels production through BECCS technologies can be important in helping Colombia achieve carbon neutrality by midcentury, with a mitigation potential of 37–41% of the cumulative avoided emissions between 2030 and 2050. Retrofitting existing oil refineries through mitigation measures can contribute up to 19% of the total biofuel production and 10% of the total CO2 capture by 2050, which can be part of a national greenhouse gas mitigation strategy. The spatial disaggregation of BECCS value chains highlights the Andes and Caribbean regions as promising regions for BECCS because of their high potential for biomass supply and carbon sinks. In contrast, Orinoquía is more suitable for bioenergy production without carbon capture and storage, because most of its departments have remote access to carbon sinks.This framework can be used to foster collaboration among national governments, regional governments, and oil companies towards integrated land use and energy system planning for low-carbon development. 
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