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Hydrogen energy storage (HES) systems, which convert electricity into hydrogen and re-convert the stored hydrogen to
electricity, are promising options to make the best use of variable renewable energy (VRE) toward a carbon neutral society.
Although HES systems consist of various technologies and the produced hydrogen has a variety of usage, economic
challenges currently hinder its implementation. In this thesis, a versatile techno-economic model was developed to flexibly
design HES systems and the optimized design was performed using the model. The first chapter introduces the research gaps
related to HES system optimization studies.

In the second chapter, the detail of a versatile techno-economic model of HES systems was described. This model
classifies the system components into “Technology”, “Resource”, and “Demand”. The concept of “Hub”, which connects
each component, was also proposed. Input parameters used in the model was explained in the third chapter.

In the fourth chapter, the optimized design of HES systems including an electrolysis cell (EC), hydrogen tank (HT), and
fuel cell (FC) was performed. The results showed that massive photovoltaic (PV) implementation economically incentivized
the use of HES systems.

In the fifth chapter, the optimal combination of rooftop and fagade PVs was analyzed via the optimized design of HES
systems. The combination of rooftop and west fagade PVs reduced the EC cost while that of rooftop and south fagade PVs
reduced the HT cost.

In the sixth chapter, different operation strategies of combined heat and power (CHP) systems was analyzed via the
optimized design of HES system considering the use of FC waste heat. In the seventh chapter, appropriate operation strategy
of hydrogen refueling station (HRS) systems with FC was explored via the optimization studies. These analyses revealed that
1 week ~ 1 month-operational cost optimization is economically effective for both of CHP and HRS systems.

Therefore, this study established a software basis that promotes the implementation of HES systems, and showed the
importance of using hydrogen as a multiple usage.
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