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RESEARCH ON HYBRID ENERGY STORAGE TO
STABILIZE THE POWER FLUCTUATION OF
PHOTOVOLTAIC MICROGRID

ABSTRACT

With the widespread application of renewable energy, photovoltaic
microgrid systems have received extensive attention due to their flexibility
and independence. However, due to the influence of many factors such as
light intensity and temperature, it leads to the unstable output of the
photovoltaic power generation system, which not only affects the
reliability of photovoltaic power generation, but also brings challenges to
the stability of the power grid. In order to solve this problem, hybrid energy
storage is added to the photovoltaic microgrid system, and hybrid energy
storage 1s an effective means to solve this problem. However, due to the
limited capacity of the energy storage device, the phenomenon of
overcharging and overdischarging may occur, which affects the service life
of hybrid energy storage. Therefore, this paper proposes a secondary power
allocation strategy for hybrid energy storage system considering dual SOC,
which divides the SOC of the two types of energy storage into 9 working

areas, and carries out secondary power allocation according to the real-time



TRUTAE R L 2 A e

SOC and actual power demand, which can not only stabilize the power
fluctuation of the system, but also effectively prevent the energy storage
unit from overcharging and overdischarging.

Firstly, the structure of the photovoltaic microgrid system is analyzed
in depth to understand the working principle and interrelationship of each
component, especially the characteristics of the photovoltaic power
generation unit and its control strategy. The four main components of
photovoltaic power generation unit, grid-connected unit, hybrid energy
storage unit and load in photovoltaic microgrid system are introduced in
detail, the working principle of photovoltaic cells is analyzed, and the
photovoltaic cell model is established and simulated for analysis. Choose
batteries and supercapacitors as hybrid energy storage systems to take
advantage of their respective advantages: high energy density of batteries
and high power density of supercapacitors to achieve better power
fluctuation smoothing effect.

Secondly, the structure of the hybrid energy storage system is
introduced, the working principle of the bidirectional DC/DC converter is
analyzed in detail and the mathematical modeling is carried out, and the
charging and discharging control strategy of the bidirectional DC/DC
converter is introduced to ensure that the hybrid energy storage system can

effectively respond to the power demand of the microgrid system.
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Then, the reasons for the power fluctuation of photovoltaic microgrid
are analyzed, and in view of the shortcomings of the traditional power
distribution control strategy, a secondary power allocation strategy for
hybrid energy storage system considering dual SOC is proposed. Firstly,
the second-order low-pass filter method is used to decompose the
unbalanced power at high, medium and low frequencies for the first time,
and then the SOC of the two energy storage devices is considered, and the
SOC of the two energy storage devices is finely divided, and the secondary
power allocation is carried out according to the real-time SOC and the
actual power demand, which can not only stabilize the power fluctuation,
but also effectively prevent the energy storage unit from overcharging and
overdischarging, and prolong its service life.

Finally, a model of photovoltaic storage DC microgrid was built in
Matlab/Simulink, and the proposed control strategy was simulated and
verified. The simulation results show that the secondary power allocation
strategy can stabilize the power fluctuation of the system and effectively
prevent the overcharge and overdischarge of the energy storage unit,
thereby improving the stability and reliability of the whole system.

Li Ao(Electrical Engineering)

Supervised by Professor Chen Qi Gong
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