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Technoeconomic Evaluation of Offshore Methanol Production for Hydrogen transport under FPSO constraints
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ABSTRACT
Methanol production presents a promising liquid hydrogen carrier and transport vector owing to its high hydrogen density, ease of handling and storage, and mature global infrastructure. It also offers support for carbon management and clean fuels production in line with the circular carbon economy through the valorization of offshore natural gas and renewable resources. Nevertheless, production of methanol offshore results in engineering challenges arising from strict topsides footprint, weight, safety, and operability constraints particularly the use of large distillation columns for purification and separation. This study presents a rigorous assessment of offshore methanol production pathways for hydrogen transport onshore. Two methanol production pathways including syngas from steam methane reforming (SMR) and CO2 hydrogenation using green hydrogen from the sea water electrolysis are modelled and a detailed technoeconomic assessment is performed considering offshore constraints.
In this work, the case study of a floating production storage and offloading (FPSO) system in the offshore of Brazil, producing approximately 120 million standard cubic feet per day (MMSCFD) of associated natural gas is considered [1]. Natural gas produced is either applied for electricity generation with carbon capture and the CO2 is used to produce methanol through CO2 hydrogenation using sea water for hydrogen production or used for methanol production through syngas production from steam methane reforming (SMR). A rigorous steady-state methanol production process model is developed in Aspen Plus®, for both syngas from SMR (CO, CO2 and H2) and green hydrogen (CO2 and H2) under realistic floating production, storage and offloading (FPSO) operating conditions. Detailed equipment sizing and modulization are performed for topsides equipment to account for offshore footprint and deployment constraints and the capital cost estimation performed in Aspen Plus energy analyzer adjusting parameters to offshore conditions.  It is assumed that there are 3 modules of SMR, each utilizes 20.3MMSCFD of natural gas to produce syngas for methanol synthesis, thus each FPSO is sized for the utilization of 61MMSCFD natural gas produced, while CO2 from electricity produced using natural gas turbines is used as carbon source for the CO2 hydrogenation. The technical feasibility, energy consumption and economic performance of both pathways were considered. Methanol purity was varied, and process configuration with and without liquid-liquid purification were considered for both pathways to investigate the tradeoff between offshore processing intensity. Preliminary results show strong tradeoffs between energy consumption and product purity level, and consequently increased economic cost. Where crude methanol is to be transported the process can only achieve 73% purity for SMR and 49.7 for CO2 hydrogenation; the inclusion of methanol purification can only achieve 95% with high CO content in the syngas feed and 93% with pure CO2 and hydrogen syngas and at a high energy cost given the column design constraint. Furthermore, the results show that SMR enables large-scale hydrogen production and transport at lower cost.
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