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Overview
Despite the advantages of new renewable electricity sources, the increasing use of these sources in the electricity system leads to uncertainty in the wind and solar electricity production as their generation depends on windspeed and sunshine, thus this creates fluctuation in electricity system operations, mismatches between electricity supply and demand, disrupts the grid stability due to wind/solar excess electricity generation, and amplifies electricity reliability and price issues (Ringkjøb et al., 2018). Consequently, the electricity grid stability is maintained especially when there is excess electricity from non-dispatchable renewable power plants, through electricity waste (termed as curtailment) (Dong et al., 2022). 

These above-identified challenges create a room to deploy energy storage technologies that would fasten the decarbonised electricity system, and ensure smoothing operation and reliability of the electricity grid (Aneke & Wang, 2016). Various energy storage technologies have been established in the literature, however, hydrogen storage provides varieties of use such as  fuels in the transportation sectors and as chemicals in the industrial sector (Akinyele & Rayudu, 2014).  Furthermore, the hydrogen storage provides the best solution to address the problem of wind electricity curtailment (Dong et al., 2022). Therefore, this study investigates the potential role of hydrogen storage technology in addressing wind electricity curtailment in the context of the UK electricity grid.
Methods
The study applies a diffusion agent-based modelling (ABM) technique following the features identified in the literature (Akhatova et al., 2022),  with the aim to provide investment decision support and scenarios by determining the amount of hydrogen storage required to address the electricity curtailment in the UK electricity transition, thus producing the model outputs (storage capacity, investment cost, profitability and CO2 emission reduction) for policy recommendations. The study implements the ABM technique by extending its initially developed low-carbon investment simulation model, to include hydrogen storage technology as an additional agent that uses the arbitrage price to make its investment decision rule. Based on this decision rule, the study runs on yearly resolution for time horizons of 30 years between 2021 and 2050, while allowing for technology and market uncertainty. 
Results
The study finds that the costs associated with hydrogen storage increase each year from 2021 to 2027 but remain stable up to 2043. Then, a slight increase in the cost from £5millions in 2043 to £5.2millions in 2044, by 2050, its investment cost reaches £5.24millions. However, its  positive net present value (NPV) outweighs its investment cost, suggesting high returns on hydrogen storage investment in the midst of high upfront costs. In terms of environmental benefits, about 40 thousand tons of CO2 emissions are saved between 2021 and 2027, and by 2050, about 57% of CO2 emissions in 2021 are mitigated from the UK electricity grid. However, hydrogen capacity is quite sensitive to its round-trip efficiency, while higher NPV is associated with higher capital cost and longer lifespan. 








Conclusions

This study quantifies the amount of hydrogen storage required as wind electricity generation increases in the UK electricity grid, in order to address the electricity curtailment. Unlike the previous literature, the paper develops an agent-based modelling framework that incorporates the discounted cash flow approach of hydrogen storage into the UK electricity system evolution, thus its findings lead to the following policy implications: 
· As the cost associated with the required hydrogen capacity is about £5.3million by the end of 2050,  this requires government supports in stimulating the private investment into hydrogen storage technology.
· Invariably, the ongoing concern on negative welfare consequences of rising carbon price would be resolved, as the hydrogen storage would save more than of 50% electricity generation CO2 emissions by 2050, the amount of CO2 saving will be more in future as solar power plants are deployed into the UK electricity transmission grid.
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