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ARTICLE INFO ABSTRACT

. . In Iran, the imbalance in the supply and consumption of electricity and gas has
Article type: challenged domestic and industrial users and made the use of renewable energies
Research Paper inevitable. Given the unstable nature of renewable energies, the use of hydrogen
for energy storage is considered a vital step. However, this issue must be
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analyzed according to the local requirements and supplies of each region. In this
paper, a scenario-based analysis based on energy and cost balance is presented to
compare hydrogen (gray and green) and natural gas for seasonal energy storage.
The evaluation criteria include energy efficiency (by calculating the required
power plant capacity), carbon emissions, and investment cost. The results show
that the direct use of renewable electricity and, if necessary, energy storage in
the form of natural gas, eliminates the loss of energy value in the process of
energy to hydrogen conversion, and require less power plant capacity. This
strategy requires 8.2 GW of capacity to address the summer imbalance
compared to 9.5 GW, and 39.3 GW of capacity to address the winter imbalance
compared to 71.7 GW in hydrogen-based scenarios. Meeting both imbalances
requires 73.6 GW with hydrogen storage, and 43.3 GW with natural gas storage
combined with direct renewable electricity. Despite the economic and energy
advantages of natural gas in the short term, the limited availability of fossil fuel
resources and the imperative need to move towards new energy storage
technologies in the near future necessitate the development of green hydrogen
production systems.
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Introduction

In recent decades, the increasing trend in global rate of carbon dioxide emissions from industrial
activities that use fossil fuels as the source of energy has led governments and industries to develop
strategies based on renewable energies and sequestration of the emitted carbon. Yet the transition from
fossil fuels is difficult due to limitations in the production, transmission, and storage of renewable
energies. In this concept low-carbon hydrogen can be a practical solution for this transition because it
can function as an emissionless energy carrier and an energy storage medium. Despite the global
approach towards the use of green hydrogen for energy storage and supply, the whole hydrogen chain
(including production, transportation, storage, and usage) in each country needs to be planned based
on the local requirements and potentials. From the production perspective for instance, Iran has the
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capacity and infrastructure required for producing gray hydrogen, and various renewable energy
sources for the development of green hydrogen. Therefore, choosing the appropriate method for
hydrogen production is not straightforward. The same dilemal condition applies to the consumption or
export of Hydrogen. In this study, to assess the potential role of hydrogen in addressing the energy
imbalance, the feasibilityof hydrogen-dependent scenarios have been explored.

Methodology
The feasibility of hydrogen-based energy storage has been examined based on three factors: the energy
efficiency, the carbon footprint, and the cost of each process. These criteria have been evaluated and
compared for different gas-based and hydrogen-based resolitions addressing the following shortage
scenarios:

1. Summer Electricity Imbalance: 4 months electricity shortage of 20 TWh

2. Winter Gas Imbalance: 5 months gas shortage of 300 Mm®/day

3. Both Seasonal Imbalances

Conclusion

Comparing different energy storage options, in the form of gas or hydrogen storage, showed that using
renewable electricity and storing the equivalent natural gas is the most cost-effective way to address
seasonal imbalances. The next priority, both economically and environmentally, is the green hydrogen
based resolution. With the annual increase in energy demand and declining pressure in gas reservoirs,
gas imbalances may become more severe in the coming years, and the need to diversify the energy
carrier mix will be felt more strongly. In this context, green hydrogen, although evaluated as a more
expensive solution, may in some conditions be the only available option for large-scale energy storage.
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1. Proton Exchange Membrane (PEM)
2. Anion Exchange Membrane (AEM)
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1. Liquified Natural Gas (LNG)
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1. Life Cycle Assessment (LCA)
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