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Abstract With the increase of renewable energy penetration, the power fluctuation of optical storage charging
microgrids poses a serious challenge to the stability of distribution networks. In this paper, a comprehensive
assessment framework based on computational analysis is proposed to quantify the static and dynamic impacts of
new energy outputs on the distribution network by constructing a multi-microgrid system topology model and a wind-
optical-hydrogen cooperative regulation mechanism. The system-level and device-level constraint models are
established by combining the connectivity graph theory, covering the branch voltage balance, node power limit, and
the dynamic boundaries of the state of charge (SOC) of energy storage. A combined direct-indirect prediction
method is designed to realize short-term and long-term prediction for the strong stochasticity of photovoltaic, wind
turbine output and load power. The hydrogen production-storage-generation system is further introduced to smooth
out new energy fluctuations by modeling hydrogen production and power regulation capability. Simulation
experiments based on Matlab/Simulink show that the prediction accuracy of the proposed prediction model reaches
95.18% for photovoltaic output and 80.71% for wind turbine output. Under the optimized configuration strategy, the
critical value of energy storage SOC is controlled at 89.45%, while the MPPT is 90.13%, which is more than 90%
and is harmful to the safety of the energy storage device. The peak system load power is 606.41W, which is not
exceeded. Comparing with KPCA, attention mechanism and other methods, the average assessment accuracy of
voltage stability based on computational analysis is 99.18%, TSI=1.0, Gmean=99.48, which significantly improves
the disturbance resistance of distribution network.

Index Terms computational analysis, optical storage and charging microgrid, distribution network stability, output
prediction, grid connection characteristics

. Introduction

With the gradual implementation of China's “carbon peak, carbon neutral” energy saving and emission reduction
strategy, high penetration rate of new energy grid will become the basic feature of the power system and
development pattern [1], [2]. Microgrids give full play to the advantages of local new energy for power generation,
both lower cost, less pollution and more flexible and other characteristics, coupled with the microgrid anti-hazardous
ability, and to ensure the security and stability of the power energy supply and other advantages, and has gradually
become the focus of the world's power industry [3]-[6]. Microgrid is mainly composed of distributed power supply,
energy storage equipment, conversion equipment, monitoring and protection equipment, and loads, which can be
regarded as a small-scale power generation, distribution and consumption system [7]-[9]. It can effectively solve
the problems of incorporating new and renewable energy sources into the grid system and digesting such energy
sources on a large scale, which is a feasible technology path with high flexibility and orderliness [10]-[12].

In order to alleviate the problems of power supply, relevant enterprises at home and abroad have begun to
introduce the photovoltaic storage charging microgrid technology. It can effectively improve the customer-side bus
voltage stability, meet the requirements of the user's power quality, and also improve the utilization rate of
photovoltaic power generation [13], [14]. The use of enterprise photovoltaic storage and charging microgrids can
solve the power supply of enterprise loads during peak electricity consumption at low cost and short construction
period [15]. It can also make part of the important loads of enterprises run stably when the distribution network is
disconnected, realize the role of peak shaving and valley filling, and reduce the production cost of enterprises while
also making profits through the peak and valley electricity price difference [16], [17]. And it can also charge new
energy vehicles for industrial enterprises through charging pile facilities, which improves the consumption capacity
of intermittent energy and the utilization rate of existing distribution grid resources [18], [19]. Therefore, optical
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storage and charging microgrids are of great significance for improving the economic operation and power supply
reliability of the power system, and promoting China's energy transition and economic and social development [20].

However, the intermittent and uncertain characteristics of the grid-connected output of new energy with high
penetration rate pose new challenges to the flexible operation of the power system [21]. The integration of
distributed generation systems into microgrids changes the microgrid structure from unidirectional to bidirectional
currents, and its structure is also changed from a radioactive structure to a multi-power structure [22], [23]. The
traditional current calculation, especially the magnitude and direction of short-circuit current, is not applicable to the
case of distributed power microgrid, and similarly, the setting of relay protection and other actions should be
reconsidered [24], [25]. Therefore, the introduction of a computational analysis model to assess the impact of the
optical storage and charging microgrid on the power quality and power supply sufficiency of the distribution network
will be conducive to the safe operation of the power system.

This study focuses on the core objective of comprehensively assessing the impact of optical storage-charged
microgrid output on the stability of the distribution network, and proposes a full-chain methodological framework of
systematic modeling, output prediction, and grid-connected characteristic analysis to provide theoretical support for
quantitative assessment and optimal control. By constructing a multi-microgrid system topology model based on
the connectivity graph theory, we propose system-level constraints (branch voltage balance, node power balance,
etc.) and equipment-level constraints (power limits for photovoltaic, wind turbine, energy storage, etc.) to ensure
that the model conforms to the actual operating conditions, and to clarify system-level and equipment-level
constraints to lay a mathematical foundation for stability analysis. Secondly, for the intermittency and load
uncertainty of renewable energy and the strong stochasticity of PV and wind, a forecasting strategy combining direct
and indirect methods is proposed, and short-term and long-term load forecasts are distinguished to provide data
support for dynamic scheduling of microgrids. Further, a wind-photovoltaic-hydrogen synergistic microgrid system
structure is introduced to smooth out new energy fluctuations through the hydrogen production-storage-generation
system, and a synergistic system comprising hydrogen production, storage and power generation is designed to
quantify the hydrogen production and power regulation capability through mathematical modeling to mitigate the
impact of new energy fluctuations on the power grid and enhance the resilience of the system. Based on the data
acquisition and preprocessing technology, we also combine static analysis (voltage deviation, harmonic distortion)
and dynamic analysis (ARIMA time series model) to evaluate the comprehensive impact of PV grid integration on
the stability of the distribution network.

Comprehensive assessment study of optical storage charging microgrid output on distribution network stability based on computational analysis

ll. Optical storage and charging microgrid modeling, output prediction and grid-
connected characterization methods

Il. A.Modeling of the power grid component

In general, a multi-microgrid system model can be represented by a connectivity graph M =(N,E). Where N
denotes the set of all nodes with node numbers i=1,2,....ie N; E denotes the set of all branches, and there
exists (i,j)€E denoting the branch from node i to node /. If the multi-microgrid system consists of G
microgrids, these (G microgrids correspond to nodes i=12,..,G,ie N. The branch connection relationship
between microgrids and microgrids in the multi-microgrid system can be represented by [ . The set of nodes as
well as the set of branch circuits within each microgrid can be regarded as another connectivity graph m = (n,e) ,
and the set of nodes as well as the set of branch circuits within each microgrid can be denoted by » as well as ¢,
respectively. A (multi-)microgrid network topology consisting of 5 nodes and 4 branches is shown in Fig. .

i 5,01, ky
‘ Vi B> Xy — Load
Sald ]
‘ pi9qiT —> Load
p”.q%" > Load

Figure 1: Microgrid network topology

In the figure, i,j,k.k, all denote the node numbers in the (multi-)microgrid; for any node i, p,,p/> denote the
injected active power and the active load of the node, respectively, and v; denotes the voltage magnitude of the
node; for a branch (i,j), P, denotes the active power at the beginning of the branch, ©; denotes the reactive

1588



fa

Comprehensive assessment study of optical storage charging microgrid output on distribution network stability based on computational analysis

power at the beginning of the branch, I, denotes the magnitude of the current flowing through the branch, 7
denotes the resistance on the branch, and x; denotes the reactance on the branch.

Il. A.1) System-level constraints
The currents between microgrids have similar mathematical expressions as the currents within microgrids. In the
trend model, it mainly contains branch voltage balance, node injected active power balance, node injected reactive
power balance and branch power balance, which can be expressed as follows:

Branch circuit voltage balance:

ij = V‘2 + (rU2 + xj )15 =2(r, P+ x,0)V(,j)e E,ie N, jeW (1)
The node injects the active power balance:

Y Pu— 2 (B-rnl))=pVieN,jeW (2)

(j.k)eE (i,j)eE

Nodes inject reactive power balance:

2 0y X (Q-xd))=pNieN. jeW (3)
(j,k)eE (i,j)eE
Branch circuit power balancing:
P} +Q; =1V} V(,j)eE,ie N (4)

In order to meet the power quality standards and ensure reliable power supply, the node voltage must be
maintained within the permissible range. The upper as well as lower limits of the node voltage are denoted as v,;,
and v, , respectively, and the value of the node voltage is limited to the upper and lower limits:

V.

min it —

<V, <V, (%)

Il. A.2) Device-level constraints
To ensure system stability, nodes with generation capacity must have safe and reasonable active and reactive
power ranges.

The active power range of solar PV panels is defined as follows:

0<P" <P (6)

where P" denotes the active power generated by node i PV panels at moment f; and P.. denotes the

upper limit of active power generated by PV panels.
The wind turbine active power range is defined as follows:

0<p" <pit (7)

imax

where P" denotes the active power generated by the turbine at node i at moment #;and P”’ denotes the
upper limit of the active power generated by the turbine.
The active power range of the electric heat conversion unit is defined as follows:

0< P’ﬁm < pra (8)

imax

where P7*" denotes the active power of the node i electric heat conversion unit at the f moment; P27
denotes the upper limit of the active power of the electric heat conversion unit.
The climbing constraint of the diesel generator is defined as follows:

DEG DEG DEG DEG DEG DEG DEG DEG DEG

P:.l - Pi,/fA/ < Rup At : SI—AI + IDimin (Sl - Sl—Al ) + P:max (1 - Sl ) (9)
DEG DEG DEG DEG DEG DEG DEG DEG DEG

Pi,f—m - Pi,r < Rdn At- S, + lein (Sr—Ar -5, )+ Pimux (1 — S A ) (10)

where P represents the active power produced by the diesel generator located at node i at moment f;

Restricted to a minimum power P2¢ and a maximum power P2¢ range P.. <P <P 7 :The At

represents the moment gap; P.°. represents the power generated by the diesel generator at the moment ¢—/A;

DEG /
R DEU

w - and R denote the diesel generator active up and down limits, respectively; and the binary variable s/

denotes whether or not the diesel generator is in the operating state (1 means it is in the operating state, and 0
means it is in the off state).
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_PESS < P[fSS < PESS (11)

imax imax
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The upper and lower limits of the active energy storage system are defined as follows:

where P.” denotes the active power of the energy storage system located at node i at moment f; PZ3
denotes the maximum active power of the energy storage system.
ESS

The upper and lower bounds of the state of charge (SOC) SOC/;
i atmoment ¢ are shown below:

of the energy storage system located at node

SOC[SS < SOCP < SOCES (12)

imin imax

where SOCZ  represents the upper limit of the battery charge state; SOC[’ represents the lower limit of the

battery charge state.
The relationship between the reactive power @, and active power P’ and capacity of the inverters of the

iJj

photovoltaic, wind turbine, diesel generator, and energy storage system is shown below:

(B +(0/)) <(Shn)’ (13)
(P17 +(Q) < (/) (14)
(B +(Q77) < (S’ (15)
(PES) +(Q]7) < (852) (16)

where S denotes the capacity of the inverter connected to node i and K ={PV,WT,DEG,ESS}.

Il. B.Output and load power prediction

After completing the modeling and constraints analysis of the multi-microgrid system, the strong uncertainty of
renewable energy output and load power needs to be further addressed. This section focuses on the prediction
methods for PV, wind power and load power, which provide key data inputs for real-time power dispatch and optimal
control of microgrids through the combination of direct and indirect methods.

The PV power output is directly related to the intensity of sunshine, with strong intermittency, volatility and
stochasticity, while PV power generation has a relatively high proportion in new energy microgrids, which has a
significant impact on the quality of the power grid. Therefore, accurate prediction of photovoltaic power generation
is of great significance for grid regulation and control and stable operation. There are 2 main methods for PV power
prediction.

(1) Direct prediction, i.e., based on the cyclic characteristics of sunshine and meteorological information, the
output power of PV system is directly predicted by the historical output power of PV system in the grid and previous
meteorological information;

(2) Indirect prediction, i.e., power prediction is carried out based on the actual current local insolation and
meteorological conditions, combined with the actual configuration of the PV system and the output model.

The power prediction of wind power generation system is similar to that of PV system, in which the direct method
is mainly through the local climate and the historical data of wind power generation output, and directly predicts the
power characteristics under the current time period, which has a lower prediction accuracy, but the method is simple
and more efficient. Indirect method is mainly through the local topography, meteorological information, weather
station data, etc. through the actual model for prediction, this method is highly accurate, but the model is complex
and inefficient.

For a new energy microgrid in a particular scenario, its internal load type and power are relatively fixed, and the
load power prediction is mainly divided into short-term prediction and long-term prediction. Short-term prediction
focuses on the cyclic change characteristics of the load inside the microgrid, taking into account the power demand
of different loads in different time periods, climate, operational demand and other conditions, and predicts the load
power in advance to guide the regulation and control of the microgrid's internal output. Long-term forecasting is
mainly based on the local development plan, climate characteristics and other factors, predicting the change of load
demand, in order to guide the allocation of energy capacity of each new energy source within the grid, to ensure
that it can meet the local long-term power demand.

Il. C.Wind-Photo-Hydrogen Microgrid System Structure
Based on the accurate output and load prediction results, how to effectively smooth the impact of new energy
fluctuations on the distribution network becomes critical. This section proposes a wind-light-hydrogen synergistic
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microgrid system structure, which converts intermittent electric energy into hydrogen energy storage and feedback
by constructing a dynamic equilibrium model of hydrogen production, storage and power generation, which
significantly improves the flexibility and reliability of the system.

IIl. C.1) Wind turbine output modeling
Fluctuations in wind speed are usually described by a two-parameter Weibull model:

F(V)=P(v£V)=1—exp{—(%) } (17)

where v is the wind speed; # is the shape parameter; and b is the scale parameter.
The mathematical model of wind power output power is constructed as:

0 v, <V,,V, >V,
V. —V.
_ i in
Pi(vi) -\ a): Vin < Vi < Vyated (1 8)
vmted - vin
vi vrated < vi < th

where v,,v, and v, are the cut-in wind speed, cut-out wind speed and rated wind speed, respectively; and
®; is the total installed capacity of the WTGs.

IIl. C.2) Modeling of PV Generator Outputs
The light intensity at a given time period is generally described by a Beta (Beta) distribution:
Cla+B) S (v NEVE

1-—
F(a)'(B) (Smax o S o : (19)
where ¢ and S arethe 2 parameters of the Beta distribution: TI'(-) is the gamma function. The expression for
the relationship between the light intensity S and the output power produced by the PV system is:

B’VG,r E’S S St

By = S, (20)
Boyg,s8 >,

f(8) =

where By, is the rated output power of the PVG; S, is the rated light intensity.

Il. C.3) Hydrogen production - hydrogen storage - power generation systems
Introducing a system incorporating hydrogen production, storage and power generation as an energy regulation
mechanism.

Mitigating erratic fluctuations in wind and photovoltaic output power.

Weci = Pecillgc @ (21)
Whe,
Boc; = ~pc (22)
T
» » Wi i
Eysrin = Eysry = nli:?TWI;{S:T.i - I;S,T (23)

HST

where Wi, and W, are the amount of hydrogen produced and consumed, respectively; P, and Py, , are

the power of electrolysis and the power of output, respectively; 7, and 7, are the efficiencies of EC and FC,

respectively; @ and 7 are the amount of hydrogen produced and consumed per unit of electrical energy

electrolyzed, respectively; E s, E usr.i are the amount of hydrogen stored in the HST at the moment of ¢ and
chs dis

t+1, respectively; W ..W,.. are the hydrogen storage and release, respectively; 7. .75s; are the hydrogen
storage and release efficiency, respectively.
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Il. D.Grid connection characterization
On the basis of optimizing the internal structure and energy regulation mechanism of microgrids, the actual impact
of new energy grid integration on distribution networks needs to be further quantified. In this section, we
systematically evaluate the voltage deviation, harmonic distortion and power fluctuation caused by PV grid
integration from data acquisition, pre-processing to static and dynamic characterization to provide empirical
evidence for the comprehensive assessment of distribution network stability.

Il. D. 1) Data acquisition and pre-processing

Obtaining high-quality data is the basis of PV grid-connected characterization, which mainly comes from the
operation monitoring equipment of distributed PV systems, including PV inverters, power conditioners, and
monitoring nodes of the distribution grid. The collected data include PV output power, grid voltage, frequency, total
harmonic distortion (THD), ambient temperature and solar radiation intensity. The data preprocessing process
requires cleaning of the raw data to eliminate missing values, outliers and invalid data. Data cleaning methods
include the use of statistical properties (e.g., mean and standard deviation) to detect outliers and interpolation
algorithms to complete missing values. Data feature extraction is an important step in preprocessing analyzing the
main feature variables according to the formula. For time series data x(¢), the harmonic components can be
analyzed using Fast Fourier Transform (FFT) to calculate the total harmonic distortion rate e.g.:

LN
THD—- Z(Vﬂ)2 x100% (24)
a=2

1

Where V, denotes the »th harmonic voltage and V, is the fundamental voltage. In addition, the fluctuation
amplitude analysis can be used to express the stability of the power output using the standard deviation ¢ as in
equation (25):

ZV‘, (P, —u)’ (25)

where P, is the sampled value of PV output power, 4 is the average power, and N is the total number of
sampling points. These preprocessing and feature extraction processes provide high quality input data for
subsequent analysis.

IIl. D. 2) Grid connection characterization

PV grid-connected characterization includes the evaluation of static and dynamic characteristics. Static
characteristics focus on the impact of PV grid-connectedness on the grid, such as power quality problems, voltage
deviation and frequency stability, while dynamic characteristics analyze the impact of PV output fluctuations on the
transient response of the grid. Based on big data technology can statistically analyze historical data to construct a
probability distribution model of grid-connected performance. The statistical distribution of voltage deviation AJ)
can be expressed as equation (26).

PAY) = L exp(- L4 (26)

2o 20°

where H# and o are the mean and standard deviation of the voltage deviation, respectively. Dynamic
characterization is usually combined with a time series model, such as the autoregressive integral sliding average
(ARIMA) based modeling method. Let the time series of PV output power be X, , and its model can be expressed
as equation (27).

X, = ¢1X1—1 +¢2Xr—2 +ee +¢pXr—p +916r—1 + 92(‘%—2 +e +9q€)z—q +6f (27)

where ¢ is the autoregressive parameter, 6 is the moving average parameter, and ¢ is the white noise. By
estimating the model parameters, it is possible to predict the short-term variation of PV output power and analyze
its potential impact on grid stability. In addition to this environmental factors have a significant impact on the grid
connection characteristics. For example, the solar radiation intensity [/ and ambient temperature 7 directly
determine the PV output power P , and the relationship can be expressed as equation (28).

P =Py ! [+ a(T = Tg)] (28)

sTC
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where Pg;. is the rated power under standard test conditions, /5, and T;,. are the standard irradiation
intensity and temperature, respectively, and « s the temperature coefficient. Combined with big data analysis,
the long-term impact of environmental changes on the grid-connected performance can be evaluated to support the
optimization of control strategies.

lll. Simulation experiment verification

After completing the theoretical design of multi-microgrid system modeling, output prediction method and wind-
optical-hydrogen synergistic structure, in order to verify the feasibility of the proposed model and the effectiveness
of the control strategy, this chapter builds a simulation platform based on Matlab/Simulink, and carries out a
systematic experimental analysis from the dimensions of the energy storage operation safety, output prediction
accuracy, optimal configuration strategy and voltage stability assessment, etc., to provide empirical support to
comprehensively assess the impact of optical storage and charging microgrid on the stability of the distribution
network.

lll. A. Safety of energy storage operations

In order to maximize the lifetime of the energy storage device and ensure its safe operation, the prevention of
overcharging and discharging is crucial. The control strategy proposed in this paper adopts a dynamic approach to
adjust the operating constraints based on the state SOC of the energy storage device. In order to verify the safety
of the control strategy proposed in this study under the critical state of SOC, a series of simulation tests under
extreme conditions are conducted in this paper. Setting the ambient temperature T=25°C constant, the light intensity
I=1000W/m? is analyzed as an example, and the following figure shows the simulation when the SOC is at the
charging critical value. Fig. 2 demonstrates the frequency variation, Fig. E shows the variation of PV output power
and energy storage output power, and Fig. 4/ shows the variation of energy storage SOC.
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0 20 40 60 80 100 120
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Figure 2: Frequency variation

As shown in Fig. 2 when the energy storage is at the charging threshold, the frequency overshoot under the
control strategy of this paper will be larger than that of the conventional MPPT control, the frequency overshoot is
50.48 and 50.33 Hz, respectively, but under the conventional MPPT control, the system will experience the second
overshoot phenomenon, and the second overshoot of the MPPT will be 50.30Hz, which will threaten the robustness
of the system. In comparison, the control effect of the wind-photo-hydrogen microgrid system structure based on
computational analysis proposed in this paper is superior.
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Figure 3: Variations in photovoltaic output power and energy storage output power

Analysis of the two PV output power and energy storage output power changes can be seen, using the control
strategy in this paper under the PV in this case will not only take the initiative to decline its active output, PV output
power in 20s after the stabilization of 230kW, to maintain the stability of the system, and compared with the
conventional MPPT control of the active output decreased less, the energy storage is in the critical value of the
unaffected, to maintain at 0.5kW or so, while the MPPT in the 6-70s storage output power are not stable, maintained
at -36kW or so, while the MPPT in the 6-70s time. 70s the energy storage output power are unstable and maintained
at about -36kW.
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Figure 4: Changes in Energy Storage SOC

The energy storage state under conventional MPPT control exceeds the critical value of 90% and stabilizes at
90.13% after 76.9 s, which is harmful to the safety of the energy storage device. In contrast, the SOC energy storage
state of the optical storage microgrid constructed in this paper based on computational analysis has been
maintained at 89.45%, so the control strategy proposed in this paper can ensure the safety of energy storage
operation when the energy storage is at the charging critical value.
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lll. B. Analysis of model predictions
After verifying the safe operation of the energy storage system under the critical state of charge (SOC), the accuracy
of renewable energy output and load prediction needs to be further ensured in order to support the dynamic
scheduling of microgrids and the optimal control of power allocation. In this section, based on the direct-indirect
combination prediction model proposed in the previous section, we analyze the impact of prediction error on system
stability through simulation experiments of photovoltaic and wind turbine output prediction, verify the applicability of
the proposed prediction strategy under complex working conditions, and provide reliable data support for real-time
scheduling.

lll. B.1) PV Output Forecast Results and Analysis

The output power of the PV generator set is predicted using the combined output power and load power prediction
model established in this paper, as shown in Fig. 5 for the prediction results output from the combined prediction
model, and compared and analyzed with the actual PV generator set output power.

809 —=— Actual output power

—— The model predicts
the output power

D 3
(=) (=)
1 L 1 "

W
(=)
1

Generator output power/kW
s
1

30+
20+
10 +
O'H-Jl T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24
Time/h
0 20 40 60 80 100 120
Data point

Figure 5: Model photovoltaic prediction

As shown in Fig. 5, in the first five hours of prediction, the prediction error of the combined prediction model is
very small, almost completely fitting with the actual output power curve, which can realize a more accurate prediction;
in the 6th to the 8th hours, there is a fluctuation of the prediction value, but in general the prediction error is small;
in the 9th to the 14th hours, the light intensity is larger and the outside temperature is higher, when the PV generator
set In hours 9 to 14, the light intensity is higher, the outside temperature is higher, and when the output power of
the PV generator unit increases, the prediction error gradually reaches the extreme value; in hours 15 to 20, the PV
output power gradually decreases until it falls to 0, and the prediction error gradually decreases. According to the
prediction of 120 data points, the accuracy of the model's PV output prediction can reach 95.18%. In summary, the
combined prediction model in this paper can accurately predict the output power of PV generator sets and can
reduce the accumulation of errors due to the passage of time.

lll. B. 2) Results and analysis of wind turbine output prediction

Using the combination prediction model established in this paper to predict the output power of wind turbines, as
shown in Figure \6\ for the combination prediction model output prediction results, and with the actual wind turbine
power situation for comparison and analysis.
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Figure 6: Combined model wind turbine prediction

In the first 7 hours of prediction, the prediction ability of the combined model is better, and the actual power curve
is more suitable; in the 7th to 18th hours, the actual power value of the wind turbine is affected by the wind speed,
which shows a large fluctuation, and the combined model is able to make a more accurate prediction for the sudden
change of the power situation; in the 20th to 24th hours, the error is gradually reduced with the time, and the
combined model is able to realize a higher prediction accuracy of the wind turbine. The combined model can achieve
high prediction accuracy. According to the prediction of 120 data points, the accuracy of the model in predicting PV
output reaches 80.71%. In summary, for the wind turbine power problem with strong randomness, the combined
model is able to eliminate the accumulation of time errors and obtain more accurate prediction results.

lll. C. Simulation analysis of microgrid operation state based on optimal allocation strategy

After verifying the accuracy of the energy storage safe operation and output prediction model, in order to further
verify the engineering applicability of the microgrid optimization allocation strategy, this section analyzes the
cooperative operation characteristics of the energy storage system and distributed power (DG) based on the actual
operation parameters of the regional grid, and evaluates the stability of the optimization allocation strategy through
the matching between the power allocation curve and the system load.

—=— Conveying capacity
—— DG power 586.34 -606.41

600
—— Energy storage power

500 4 /" System load

4001 37021

Power/W
(3] W

= (=]

o o

1 1
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0 2 4 6 8 10 12 14 16 18 20 2223
Time/h

Figure 7: The operation status of the optimized microgrid
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The power and minimum configured capacity of the energy storage system are 30 MW and 70 MWh, respectively.
The proportion of energy storage in the regional grid is about 23.3%, and its utilization hour is 5.3 h. Through the
proposed optimal configuration strategy, the output curves of the additional regulated power of the regional grid, the
generation power of the DGs, the absorbed power of the energy storage, and the power of the system load are
obtained as shown in Fig. 7.

As can be seen in Fig. , in the valley tariff, the energy storage system utilizes the low tariff for charging and then
releases the energy stored in the storage at the peak load. The transmission capacity induces a peak at the moment
of sunset at 18:00 with a power of 370.21 W, and the DG power peaks at 12:00 noon with a power of 585.34 W.
The optimized optical storage and charging microgrid based on the computational analysis of this paper has not
exceeded the system load for each power, and the highest system load is 606.41 W, which is known to be good
stability.

Comprehensive assessment study of optical storage charging microgrid output on distribution network stability based on computational analysis

lll. D. Comparative experiment of voltage stability assessment methods based on computational analysis
In order to verify whether the methods designed in this paper, meet the needs of power system voltage stability
assessment, this paper conducts an experimental analysis of the above methods. The final experimental results
are presented in the form of a comparison between the assessment method based on the dimensionality reduction
of the KPCA feature quantity, the assessment method based on the attention mechanism, the assessment method
based on the data-driven method, and the assessment method based on the computational analysis designed in
this paper.

Under the above experimental conditions, this paper randomly selects the power system voltage data from
several time periods, intercepts the voltage changes of nodes A and B respectively, and conducts three experiments
for each method to obtain the experimental data (a), (b) and (c). With all other conditions known, the evaluation
performance of the four different methods is compared, and the experimental results are shown in Table . In the
process of power system voltage stability assessment, “1” indicates that the voltage is in a stable state, and “0”
indicates that the voltage is in an unstable state. Node A and node B are in different locations on the same line of
the power system with a long interval, and the smaller the value of voltage change between them, the more stable
the voltage is. At the same time, the higher the TSI and Tm, the more stable the voltage is; the larger the Pa and
Gmean, the more accurate the results of voltage stability assessment.

Table 1: The performance evaluation results of four different methods

Node voltage Node voltage Voltage variation Evaluation
TSI | Tm/% | Pa/% | Gmean/%

AN BV value result
o 220 215 -2.27% 0.9 | 90.27 | 92.39 91.28 1
KPCAqCUh:r::f;e”S“C 230 167 -27.39% 0.6 | 67.38 | 72.34 | 73.29 0
240 148 -38.33% 0.5 | 60.33 | 70.18 71.02 0
230 182 -20.87% 0.8 | 78.29 | 82.36 83.20 0
Attention mechanism 235 207 -11.91% 0.9 | 91.37 | 94.23 95.20 1
215 137 -36.28% 0.4 | 41.63 | 69.24 70.25 0
240 148 -38.33% 0.6 | 70.06 | 82.35 84.01 0
Data-driven 225 237 5.33% 0.9 | 93.74 | 95.27 95.24 1
218 186 -14.68% 0.8 | 88.27 | 89.23 89.74 1
230 238 3.48% 1.0 | 99.48 | 99.73 99.32 1
Computational analysis 240 222 -7.50% 1.0 | 99.95 | 99.22 99.83 1
235 217 -7.66% 0.9 | 98.12 | 97.29 96.29 1

After using the power system voltage stability assessment method based on KPCA feature quantity dimensionality
reduction, the voltage change values of nodes A and B are -2.27%, -27.39% and -38.33%, respectively, and the
experimental data (b) and (c) are in the state of voltage instability, and the assessment results have the problem of
error, which affects the safe operation of the power system.

After using the power system voltage stability assessment method based on the attention mechanism, the voltage
change values of nodes A and B are 20.87%, -11.91%, and -36.38%, respectively, and the experimental data (a)
and (c) are in the state of voltage instability, and the assessment results have the problem of errors, which urgently
need to be further optimized.

After using the data-driven based power system voltage stability assessment method, the voltage change values
of nodes A and B are 38.33%, 5.33%, -14.68%, respectively, and the experimental data (a) are in the state of voltage
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instability, and there is a situation where the assessment results have errors, and there is still a need to further
optimize them.

After using the data-driven power system voltage stability assessment method designed in this paper, the voltage
change values of nodes A and B are 3.48%, -7.50%, and -7.66%, respectively, and the experimental data are in the
state of voltage stabilization, and the assessment results do not show any errors, and the various indexes are able
to meet the actual needs, and the assessment effect is better, which is in line with the purpose of this research
paper.

lll. E. Critical stable and unstable states
In order to further reveal the dynamic characteristics of the system under extreme operating conditions, this section
analyzes the potential threat of voltage fluctuation to the system stability by comparing the difference between the
energy accumulation and release processes in the critical stable and unstable states through the transient response
experiments of the dc-link capacitor voltage.

In the transient response process, the voltage dynamics of the DC link capacitor is manifested in two cases: the
critical steady state and the unstable state. The DC link capacitor voltage dynamics is shown in Fig. 8.

&

Critical stable state
Vv —— Unstable state
d

C
\Energy transfer

Energy accumulation

dv,/d=0

v

Figure 8: Dynamic capacitance voltage of DC link

In the critical steady state, the process of energy accumulation and release from the capacitor is smoother, and
the system is able to return to stability more quickly, despite some fluctuations during the voltage boost. In contrast,
in the unstable state, the transfer of energy is unstable and the voltage fluctuations are more violent and longer in
duration. The system exhibits significant voltage spikes and the voltage continuously oscillates during the recovery
process. This indicates a significant threat to the stability of the system, making it difficult for the DC link voltage to
return to steady state, and the above unstable behavior usually triggers the activation of protection mechanisms to
avoid further system failures.

IV. Conclusion

In this paper, a set of comprehensive analysis methods from modeling, prediction to cooperative regulation is
proposed for the impact of optical storage charging microgrid output on the stability of distribution network, and its
effectiveness is verified through multi-dimensional simulation experiments. The conclusions are as follows.

The direct-indirect combination prediction method significantly reduces the uncertainty of new energy output, and
the prediction errors of PV and wind turbine are controlled within 4.82% and 19.29%, respectively, which provides
highly reliable data support for microgrid dynamic dispatch.

The control strategy based on SOC dynamic constraints effectively avoids excessive charging and discharging,
and SOC fluctuation is <1.55%. In the regional grid, 30MW/70MWh of the energy storage system reduces the
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peak load by 6.2% (606.41W—585.34W) through the valley charging and peak discharging strategy, which verifies
the economy and safety of cooperative operation.

Comparative experiments show that the evaluation method based on computational analysis outperforms the
traditional method in the indexes of node voltage deviation <7.66%, TSI =0.9 and Gmean Gmean=96.29%, and
the accuracy of evaluation is improved to 99.73%, which can accurately identify the critical stable and unstable

states.
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