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To solve these problems, this study proposed a method for the mid-to-long

term wind and photovoltaic power generation prediction based on copula

function and long short term memory network to achieve an effective

extraction of the key meteorological factors that affect power generation

owing to nonlinear effects and tendencies, and to deeply exploit the long

???

While the charts in Fig. 1 show static generation potentials, Fig. 2

exemplifies, with data from July 2023, the wind and PV energy generation

across the entire Northeast region throughout the day. Note that the peak

of wind power generation occurs at night when PV power is close to zero.

The research on hydro-thermal-wind-solar power generation is roughly

classified and summarized in Table 7. The original problem of

hydro-thermal-wind-solar power generation was divided into four

sub-questions of energy, and then an effective method for achieving

long-term coordination was proposed to fully meet the needs of the grid

[74].

This article briefly analyzes the technical advantages of the wind-solar

hybrid power generation system, builds models of wind power generation

systems, photovoltaic systems, and storage batteries, focusing on the key

to wind and photovoltaic power generation systems-maximum power point

tracking (MPPT) control, and detailed analysis of the maximum wind and

solar ???

In order to achieve China's goal of carbon neutrality by 2060, the existing

fossil-based power generation should gradually give way to future power

generation that is dominated by renewables [9, 10].The cost of solar PV

and onshore wind power generation in China fell substantially by 82% and
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33% from 2010 to 2019, respectively, driven by ever-increasing ???
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In the design of a standalone hybrid wind/PV power system, not only the

size of photovoltaic (PV) panels and the capacity of batteries but also the

type and size of wind turbine generators (WTGs 

This study combines the wind power, photovoltaic power, hydropower and

pumped storage power to form a complementary generation system and

proposes two optimal scheduling models of multi-energy power

generation.

4 ? The paper establishes a two-layer optimization model and concludes

that the optimized configuration scheme for a wind-PV-storage

complementary power generation system has an installed capacity of 470

MW for wind power, 430 MW for photovoltaic (PV), and a storage

configuration of 40 MWx3 h. The data for other schemes can be found in

Table 3

Many scholars have conducted extensive research on the diversification of

power systems and the challenges of integrating renewable energy. Wind

and solar power generation's unpredictability poses challenges for grid

integration, significantly affecting the stable operation of power systems,

particularly when there is a mismatch between load demand and ???

In the past two decades, clean energy such as hydro, wind, and solar

power has achieved significant development under the "green recovery"

global goal, and it may become the key method for countries to realize a

low-carbon energy system. Here, the development of renewable energy

power generation, the typical hydro-wind-photovoltaic complementary ???

(C) 2025 PV Storage Systems 3 / 7 Web: https://twojaelektryka.com.pl



WIND POWER AND PHOTOVOLTAIC POWER
GENERATION COMPLEMENTARY POWER
GENERATION

A wind power-photovoltaic-concentrating solar power (Wind-PV-CSP)

generation cluster will still have a certain impact on the grid, because the

integration of a variety of renewable energy brings 

Literature (Benlahbib et al., 2020) proposed a hybrid microgrid system

based on wind and solar power generation for remote area applications.

Through the control of power electronic devices to improve the utilization

of ???

The research structure of this paper is as follows: the spatiotemporal

complementary characteristics of wind power, photovoltaic power, and

hydropower and a multidimen-sional complementary index based on a

space vector are described in Section 2. Section 3 probes into a case

study, and Section 4 examin es its results. Finally, the conclusions 

For the power generation system of wind, photovoltaic, hydro, thermal and

out-purchased electricity, taking the minimum economic cost of thermal

power generation as the objective function, an optimal dispatching model

including the complementary system of

wind-photovoltaic-hydro-thermal-out purchased electricity is proposed.

To integrate the inherent stochastic and intermittent new energy resources

to power systems, multiple conditions are essential. For example, the

power systems need enough load demand for power generation

consumption, a certain amount of peak regulation capacity for the security

and reliability of power systems, and good power transmission capacity for

power ???

(C) 2025 PV Storage Systems 4 / 7 Web: https://twojaelektryka.com.pl



WIND POWER AND PHOTOVOLTAIC POWER
GENERATION COMPLEMENTARY POWER
GENERATION

With the increasing proportion of renewable energy in power generation,

the mixed utilization of multiple renewable energy sources has gradually

become a new trend. Using the natural complementary characteristics of

wind power, photovoltaic, and hydropower to evaluate the complementary

potential of various energy sources has become a hot issue in ???

For China, some researchers have also assessed the PV power

generation potential. He et al. [43] utilized 10-year hourly solar irradiation

data from 2001 to 2010 from 200 representative locations to develop

provincial solar availability profiles was found that the potential solar

output of China could reach approximately 14 PWh and 130 PWh in the

lower ???

Utility-scale wind and solar PV power plants installed until 2019 in the

Brazilian Northeast [24], and location of the case study Brotas de

Maca?bas hybrid wind/PV power plant in the State of Bahia (top); the

case-study location highlighted in the global horizontal irradiance map

from Atlas Brasileiro de Energia Solar [4] (middle); and in the 

By constructing a complementary power generation system model

composed of large-scale hydroelectric power stations, wind farms, and

photovoltaic power stations, and using the maximum capacity of wind and

solar power integration as the outer objective function and the maximum

source-load matching degree as the inner objective function, a two-layer

???

The complementary operation of a HWPES is a crucial issue for the

efficient utilization of renewable resources. According to the time horizon

involved, the complementary operation of HWPESs could be classified as

short-term [6], mid-term [7], and long-term operations [8].The short-term

operation of a HWPES mainly includes the day-ahead generation plan ???
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This work proposes a stochastic simulation model of renewable energy

generation that explores several complementary effects between wind and

photovoltaic resources in different Brazilian locations. The approach

considers calculating energy generation states to simultaneously ???

Hydropower represents a good choice as a complementary power source

for wind and PV power, because hydropower has both rapid opening and

closing capabilities and strong regulation properties [7], [9].This is helpful

for rapid regulation of hydroelectric generators when required to stabilize

the fluctuations in the wind and solar power output [10], [11].

For the power generation system of wind, photovoltaic, hydro, thermal and

out???purchased electricity, taking the minimum economic cost of thermal

power generation as the objective function, an 

The ability to forecast wind and photovoltaic power generation in advance

provides valuable insights for grid operators, energy traders, and

renewable energy system planners [1].Accurate forecasts enable efficient

load balancing and support decision-making processes related to energy

storage and backup generation.

The wind-solar hybrid power generation project combined with electric

vehicle charging stations can effectively reduce the impact on the power

system caused by the random charging of electric cars, contribute to the

in-situ wind-solar complementary system and reduce the harm arising

from its output volatility. In this paper, the site selection index system of a

???
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The efficiency (?? PV) of a solar PV system, indicating the ratio of

converted solar energy into electrical energy, can be calculated using

equation [10]: (4) ?? P V = P max / P i n c where P max is the maximum

power output of the solar panel and P inc is the incoming solar power.

Efficiency can be influenced by factors like temperature, solar irradiance,

and material ???

The output of wind power and photovoltaic power is random, fluctuating

and intermittent, and a direct grid connection will result in the reduction of

power generation income and a great 

Wind power generation and photovoltaic power generation are one of the

most mature ways in respect of the wind and solar energy development

and utilization, wind and solar complementary power generation can

effectively use space and time. The two forms of power

Distributed power generation systems are usually located near the power

consumption site and use smaller generator sets. The article lists the use

of wind, solar photovoltaic, gas turbine and fuel cell hybrid devices as the

main power generation methods, forming a complementary power

generation system for wind and solar energy that can meet the needs of

specific users. The ???
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