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Abstract. With the proposal of the "dual carbon" goal in China, the randomness
and fluctuation of the output of new energy units pose a severe challenge to the
power quality of the distribution network. On the basis of considering the com-
plementarity of wind and solar, this paper proposes a double layer optimization
configuration model of wind and solar storage in the distribution network, which
takes into account the influence of power quality. The power quality index is
selected and the evaluation method of combining subjective and objective weight
is adopted to obtain the comprehensive evaluation system of power quality PQ
factor. The IEEE-33 node system is used to verify the above model. The results
show that considering the correlation of wind and solar can guide the improve-
ment of power quality of new energy grid-connected points, reduce the planning
and construction cost and the economic loss caused by abandoning wind and
light, further improve the economy of the overall system.

Keywords: The complementarity of wind-solar, Power quality factor, Two-
layer optimal configuration.

1 Introduction

With the proposal of China's "double carbon" strategic goal, the competitiveness of
renewable energy continues to increase, large-scale development and utilization of
clean and efficient energy, and construction of clean and low-carbon energy system,
has become the trend of clean energy transformation and development in China, and
even some scholars have proposed to build a completely renewable energy power sys-
tem in the future. According to the data released by the National Energy Administra-
tion, China's installed capacity of wind power in 2022 is about 370 million kilowatts,
an increase of 11.2%, the installed capacity of photovoltaic power generation is about
390 million kilowatts, an increase of 28.1%, at the same time, China's renewable energy
generation in 2022 is equivalent to reducing domestic carbon dioxide emissions of
about 2.26 billion tons. The contribution of wind and solar generation to China's "car-
bon peak, carbon neutral" goal is obvious to all.

As both wind power generation and solar photovoltaic power generation have de-
fects such as unstable power generation, the study considering the complementarity of
wind power and solar power is one of the research hotspots that have attracted wide
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attention in recent years. At present, the research on the correlation between wind power
and photovoltaic power plant output is mainly based on Copula theory[1].

At the same time, in recent years, with the continuous improvement of the penetra-
tion rate of new energy, the large-scale distributed renewable energy power station has
not only changed the power flow distribution of the original grid, but also caused power
quality (PQ) problems caused by random fluctuation and intermittently of its output[2].
At the same time, a large number of distributed new energy is connected to the distri-
bution network, which has an increasing influence on the operation control of the dis-
tribution network and increases the regulatory pressure of the reactive voltage of the
grid. The contradiction between these problems and the increasingly improved require-
ments of power supply quality of modern production equipment in the distribution net-
work is becoming more and more obvious, and the power quality problem has become
one of the bottlenecks restricting the large-scale grid connection of new energy.

Based on the consideration of wind-solar complementarity and power quality fac-
tors, this paper builds the optimal configuration model of wind-landscape storage and
distribution network, and establish the PQ factor evaluation system of wind-landscape
junction points, NSGA-II algorithm was used to solve the problem. Finally, simulation
analysis is carried out in IEEE-33 node system. The results show that considering the
wind-solar correlation can lead to the improvement of power quality and improve the
economy of the whole system compared with not considering the wind-solar correla-
tion.

2 Correlation model of wind and solar output

2.1 Copula correlation theory

In order to describe the random interdependence between wind and photovoltaic power
generation with uncertain variables, the Copula function is used here to capture the
correlation between them[3]. The Copula function is a multivariate cumulative distri-
bution function, Sklar believes that for the joint distribution of N random variables, it
can be decomposed into the respective edge distribution of these N variables and a
Copula function, so as to separate the randomness and coupling of variables. In other
words, the properties of a joint distribution with respect to correlation are entirely de-
termined by its Copula function. The basis of Copula theory is defined as any K-dimen-
sional random input variable {xl,xz, ,xK} , and the marginal function is

{F(x),Fy(x,), ,Fi(x;)}. The joint cumulative distribution function that expresses

them in relation to each other by Copula is shown below.
Fye(x) = C(Fl(xl)’FZ(xZ);“'FK(xK)) (€Y)

Taking the derivative of the above formula, we can obtain the joint probability dis-
tribution function f(x)for variable x.
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2.2 Application of Copula theory to wind-solar correlation analysis

The two-dimensional Frank-Copula function can simultaneously describe the charac-
teristics of negative correlation and non-negative correlation between variables, and has
no limit on the positive and negative correlation and the degree of correlation. There-
fore, this paper chooses the Frank-Copula function as the connection function of the
joint probability distribution of the output of wind farm and photovoltaic power station,
and its distribution function and probability density function are shown as follows[4].
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Where A is a correlation parameter whose value is not zero, when A > O represents a
positive correlation between random variables u and v, when 4 — 0 indicates that the
random variables u and v tend to be independent, A <0 represents a negative correla-
tion between random variables u and v.
The joint probability distribution of wind farm and photovoltaic power plant output

is obtained according to the wind-solar output correlation model, as shown in the figure
1.
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Fig. 1. Frank-Copula distribution function diagram

3 PQ factor evaluation method

There are many related indexes of power quality in power grid, the selection and eval-
uation process of each indicator is complicated and cumbersome, so it is necessary to
select and comprehensively evaluate the indicators according to the specific operation
conditions of wind turbines and photovoltaic power generation units.
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The evaluation method of CRITIC calculates the objective weight of the evaluation
object by introducing the comparison intensity and conflict of indicators, and compre-
hensively considers the difference and relevance of each indicator. Index contrast in-
tensity(CI), conflict of indicators(CT) and amount of information(G;) are calculated as
follows.

Cl =5
n
CT = 2(1 )
< (5)
n
Gj =S5 2(1 —13j)
j=1
The comprehensive weight ¢; can be obtained from the following equation.
Sin
4 =5 ©
TRl jmsio)
4 Two-layer model and numerical example analysis
4.1 Model constraint
The overall system power flow constraint is shown in the following formula.
N
Pi = Ui Z Uj(GijCOSGij + Bl]SlTlel])
i ™
Qi = Ui Z Uj(GijCOSQij + B”SlnGU)

n=1

P and Q, indicates the active and reactive power injected into a node, U, ,U, indi-

cates the actual voltage of node i and j, G,

B, and 0, is the conductance, susceptance

and power factor Angle between the two nodes.

4.2  Two-layer model

In this paper, the objective function of the upper layer model is to establish the lowest
total economic loss of wind and light abandonment, the lowest annual investment and
operation cost of the power generation system, and the optimal PQ factor of the con-
necting point of the wind farm and photovoltaic power station. The purpose of the lower
level operation optimization model is to minimize the total operation cost of the power
generation system of wind turbine and energy storage unit.
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4.3  Model solving algorithm

NSGA-II, an improved non-dominated sorting genetic algorithm considering elite strat-
egy, not only reduces the complexity of the algorithm compared with the original non-
dominated sorting genetic algorithm, but also makes the individuals in the Pareto opti-
mal solution frontier extend evenly to the entire Pareto domain while ensuring popula-
tion diversity. Then, a non-dominated solution set with good diversity and more uni-
form distribution is obtained[5].

4.4  Example analysis

According to the algorithm mentioned above, the comprehensive weight value of PQ
factor at the wind-wind grid connection can be obtained as shown in the following Ta-
ble 1.

Table 1. PQ factor comprehensive weight value

Installation position  Voltage harmonics Voltage flicker Voltage deviation
Wind power junction 0.322 0.268 0.224
Photovoltaic junction 0.418 0.271 0.308

In order to verify the effect of wind-solar correlation on the power generation sys-
tem, the results are analyzed according to two cases with and without correlation in.
Case 1 does not consider correlation, Case 2 considers correlation.

Table 2. Capacity and cost of wind-solar grid connection

Abandon-
. . PV power .
Wind power Wind farm PV power . Total annual ~ ment of wind
. . station capac- .
plant capacity station it cost(10° and light eco-
i
PQ value (MW) PQ value Y yuan) nomic loss
(MW) .
(10° yuan)
Case 1 2450 4.793 2.121 4238 1085.428 59.273
Case2 2.106 2273 1.052 3.462 712.176 35.609

Through the analysis of the data in Table 2, it is not difficult to see that the introduc-
tion of wind-solar correlation analysis can effectively improve the power quality of the
connecting points and reduce the economic losses caused by wind and solar abandon-
ment.

5 Conclusions

According to the above, The evaluation results of PQ power quality factor comprehen-
sive evaluation model proposed in this paper can accurately reflect the power quality
of parallel points, it is not difficult to find that considering the wind-solar correlation
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in the model helps to improve the power quality of the grid connection and improve the
economy of the overall system compared to the wind-solar output alone.

References

1. Yang, Jie, et al. "Joint Planning of Transmission and Distribution Network Considering
Wind-solar Complementarity." E3S Web of Conferences (2021).

2. Uyar, M, Yildirim, S., & Gencoglu, M. T. An effective wavelet-based feature extraction
method for classification of power quality disturbance signals. Electric Power Systems Re-
search, 78(10), 1747-1755 (2008).

3. Durante, Fabrizio, et al. "A Multivariate Dependence Analysis for Electricity Prices, De-
mand and Renewable Energy Sources." (2022).

4. Shah, Parth. "AUTOMOBILE INTEGRATION WITH THE GREEN ALTERNATIVES-
SOLAR-WIND HYBRID SYSTEM." (2021).

5. Goyal, Kapil Kumar, P. K. Jain, and M. Jain. "Optimal configuration selection for reconfig-
urable manufacturing system using NSGA II and TOPSIS." International Journal of Produc-
tion Research 50.14-16:4175-4191 (2012).

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Optimal distribution network configuration considering wind-solar complementarity and power quality



