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clean power for the power grid.
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Hydro-photovoltaic complementary power generation technology combines
renewable energy sources: hydroelectric power and solar photovoltaic
systems. This innovative approach maximizes energy output by utilizing water
flow for hydroelectric generation while simultaneously harnessing solar energy
through photovoltaic panels. By integrating these technologies, it enhances overall
efficiency and reliability, ensuring a more stable power supply. This synergy not
only reduces dependence on fossil fuels but also contributes to sustainable energy
goals. The adoption of this technology holds significant promise for diverse
applications in both urban and rural settings.

two

Hydro-photovoltaic power generation effectively combines solar photovoltaic
(PV) and hydroelectric systems, offering a stable and sustainable energy supply by
leveraging their complementary characteristics. PV systems generate electricity
only during daylight, with output fluctuating based on weather conditions. In
contrast, hydroelectric power stations provide a consistent energy supply that is
unaffected by seasonal or climatic variations [1-3].

The proposed integration allows for short-term regulation: during the day,
when PV generation is high, hydroelectric output can be reduced, and at night,
hydroelectric plants compensate for the lack of PV generation. This dynamic
interaction also facilitates seasonal adjustments, optimizing energy production
according to water availability in fig 1. Advantages and disadvantages of
hydroelectricity and photovoltaics.

The complementary nature of this system addresses the volatility of PV power
generation, allowing for smoother integration into the grid. Rapid compensation
between hydro and PV generation mitigates issues related to light abandonment in
photovoltaic output, enhancing grid stability and safety.

Water-photovoltaic complementary power generation technology
method using complementary water and light energy, which can make full use of the advantages of the two
rely on the complementarity of hydroelectric power
generation, improve the efficiency and reliability of power generation, and provide stable and high-quality
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Fig 1- Advantages and disadvantages of hydroelectricity and photovoltaics

Fig 2- Schematic diagram of power generation structure of water and
light complementary project

Fig 3- The output of photovoltaic power plants under
three weather conditions
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The complementary power generation structure maximizes the utilization of
existing hydropower transmission channels, effectively reducing costs and
development cycles for solar energy projects. This innovation not only improves
the capacity of the power system to handle variable PV output but also aligns with
grid planning to optimize renewable energy integration (see fig 2.).

in fig 3. analysis of power generation curves indicates that the complementary
effects are most pronounced on sunny days, with PV and hydro outputs effectively
aligning after peak solar hours. During rainy conditions, the hydroelectric output
closely matches the PV generation curve, demonstrating the system's adaptability
to varying weather scenarios [3].

The water-photovoltaic complementary power generation technology effectively
combines the advantages of hydropower and photovoltaic power generation, improves the
efficiency and reliability of power generation, and solves the shortcomings of each. The
model realizes a smooth power supply through the stability of hydropower and the
renewability of PV, which can cope with volatility and meet the demand of the power grid.
Overall, hydro-photovoltaic complementary power generation is a promising green energy
solution that contributes significantly to sustainable development.
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