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Abstract:
The future world trend is towards decarbonization, considering that this research focuses on increasing renewable
energy generation while minimizing thermal energy generation in power systems. When maximizing solar energy
generation, energy storage can be used as a controllable resource to minimize solar energy curtailments. A Hybrid
Energy Storage System (HESS) combines Pumped Hydro Storage (PHS) and Battery Storage (BS) to maximize the
overall performance. Here, a techno-economic multi-objective optimization algorithm is introduced to size and cost
solar PV and BS, while considering the optimal time to integrating PHS into the system. The proposed algorithm aims
to minimize the total investment cost, the operation and maintenance cost, and the penalty cost incurred due to solar
surplus and thermal (oil) generation. The genetic algorithm is used to achieve multi-objective optimization, implemented
using the Pymoo open-source framework in Python. An energy management system is utilized to operating hours,
ensuring proper regulation. Results are presented in a Pareto optimal chart for better analysis, and economic analyses
were conducted for various PHS installation times. Finally, the optimal duration for integrating PHS, considering both
economical and environment facts, was determined, with solar and BS capacities for each two-year interval throughout
the planning horizon.
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I. Introduction
Multi-dimensional issues have evolved within the energy sector in parallel with the global development. In
addressing these emerging challenges, the world has shifted its focus towards providing affordable and secure
energy services. Consequently, emphasis has been placed on renewable energy sources to meet the growing
electricity demand, with the aim of reducing dependence on thermal energy production. Among renewable energy
sources, solar photovoltaic (PV) was chosen due to its increasing efficiency, lower levelized cost of energy (LCOE)
with technological advances, availability of land and the abundance of sunlight in tropical regions [1]. However,
rapid fluctuations in supply due to intermittency, predictability limits, and nighttime demand gap are common
problems with solar PV. To mitigate those problems and avoid solar energy curtailment, energy storage systems
can be introduced as controllable devices [2]. Furthermore, limitations of a single energy storage system in fulfilling
all the requirements of a certain application, hybrid energy storage systems (HESS) incorporating more than one
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technology can provide a versatile solution [3], [4]. It enhances overall system efficiency, power quality, storage
capacity, and the lifetime of the plant.
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