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Abstract

This study newly develops a recursive-dynamic global energy model with an hourly electricity supply and demand balance,
aiming to assess the role of variable renewable energy (VRE) in a carbon-neutral world. This model, formulated as a large-
scale linear programming model (number of variables and constraints are about 500 million each), calculates energy supply for
100 regions by 2050. The detailed temporal resolution enables the model to incorporate VRE’s intermittency and system
integration options, such as battery, water electrolysis, curtailment, and flexible charging of electric vehicles. Simulation results
suggest that energy savings and end-use electrifications, coupled with decarbonized power supply, are a cost-effective
mitigation strategy. Combining various power generation technologies, including VRE, nuclear, as well as biomass and fossil
fuel power with carbon capture and storage, would contribute to curbing mitigation costs. Share of VRE in global power
generation in 2050 is estimated to be 37% in a cost-effective case. The results also imply economic challenges for an energy
system based on 100% renewable energy. Average and marginal COz abatement cost significantly rises compared to the cost-
effective case; for example, average mitigation cost in 2050 is 118USD/tCO:z in the cost-effective case, while it increases to
292USD in the 100% renewable case.
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