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Abstract: The model parameter identification based on real operation data is a means to accurately
determine the simulation parameters of the microgrid, but the real operation data cannot guarantee
the exact agreement with the required data for parameter identification, which has become an
important restriction factor in the accurate simulation and analysis of the dynamics of the microgrid.
This paper provides a method of modeling of microgrid based on data testing and parameter
identification. In this paper, the method of parameter trajectory sensitivity is first introduced. Then,
the data testing scheme for parameter identification is presented, and the parameter identification
flow chart is given. Thirdly, a microgrid demonstration system in China is taken as an example,
the important parameters of the distributed photovoltaic, direct-drive wind turbine and energy
storage unit in the system are obtained by data testing and parameter identification, and in the end,
the accuracy of the model is verified through the comparison of the simulation data and the test data
of the microgrid during grid-connection/island switching process. The obtained microgrid model
provides a base model for the analysis of the overall characteristics, such as the transient stability,
as well as power quality of the microgrid.

Keywords: modeling method; parameter identification; data testing; microgrid; grid-connection/
island switching process

1. Introduction

A microgrid with multiple distributed renewable power sources is conducive to increasing the
application of renewable energy power generation, reducing energy consumption, and improving
the reliability and flexibility of power systems, thus, is developing rapidly worldwide. At present,
there are more than 400 microgrid demonstration projects planned, under construction or put into
operation worldwide.

Digital modeling and simulation is one of the main methods of microgrid research, which provides
a necessary tool and strong technical support for the study of microgrid operation mechanisms,
protection control and other issues. Models developed by manufacturers of wind turbines, photovoltaic
(PV) units, and energy storage units can reproduce the behavior of distributed power sources accurately
and in detail. However, this level of detail is not suitable for the stability study of large power systems.
This is because the use of these models requires a lot of input data, and due to the large number of
state variables in the models, the time and complexity of simulations are greatly increased. Therefore,
the standards committees in China and abroad have issued general dynamic models for renewable
power sources such as wind turbines, PV, energy storage, etc. On one hand, the general models can
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accurately simulate the dynamic behavior of renewable power supply, on the other hand, it is suitable
for large-scale power grid research [1-4].

With the general models that provide a unified modeling standard for power system analysis,
the accuracy of model parameters will directly affect the results of the system analysis, because
when the power grid is disturbed, it may cause large economic losses. At present, the following
problems exist in obtaining model parameters: Firstly, the manufacturer is unwilling to provide
accurate parameters of the model for reasons of confidentiality; secondly, the general model used in
system analysis is not completely consistent with the model provided by the manufacturer; thirdly,
the model parameters presented by the manufacturer are applied to ideal working conditions of a
single component. When multiple components are running at the same time, the interaction between
the components, and the interference of various factors during real operation, cause the output result
of the model to have errors with the result under the original ideal working conditions. Therefore,
determining how to obtain the key parameters in the simulation model is crucial to the accuracy of the
system analysis results.

Model parameter identification based on real operation data is currently a method that can
accurately determine the simulation parameters. The parameter identification methods of power
system mainly include: The time domain identification method, the frequency domain identification
method and the intelligent optimization method. The time domain identification method directly
identifies model parameters based on the time domain sampling information of the system, and the
most commonly used method is the least square method [5]. The frequency domain identification
method uses the fast Fourier transform to convert the time domain information of the system into
the frequency domain, and obtains the parameter value through the frequency domain response
function of the system [6]. The intelligent optimization method is based on the global optimization
characteristics of the optimization algorithm itself, and determines the optimal value of the model
parameters by calculating the fitness of the objective function. Intelligent optimization algorithms
that are popularly used include the ant colony algorithm [7], particle swarm algorithm [8] and genetic
algorithm [9].

Parameter identification with simulation data for the study of algorithms is practical, such as
references [10-14]. Although, only the parameters identified from the real operation data can be used in
the simulation analysis of the actual system [15-19]. However, the real operation data obtained online
cannot guarantee the exact agreement with the required data for parameter identification. Therefore,
based on the above research, the data testing scheme of an actual microgrid for parameter identification
has been presented in this paper, and the data testing scheme and parameter identification are applied
to a microgrid demonstration system in Jiangsu province, China for a more accurate simulation
model. Characteristics of the grid-connection/island switching process of the microgrid are tested and
simulated to verify the effectiveness of the model.

The structure of the paper is as follows: The second part introduces the parameters to be identified,
the data testing scheme, the flow chart of parameter identification and the validation index based on
parameter trajectory sensitivity analysis. The third part gives the identification results of the actual
microgrid and verifies the accuracy of the model by comparing the simulation data and the test data
during the grid-connection/island switching process. Finally, the paper gives the conclusions and the
issues to be studied in the future.

2. Parameter Identification and Data Testing for Microgrid Based on Sensitivity Analysis

2.1. Parameter Trajectory Sensitivity

The trajectory sensitivity of parameters is a measure of the difficulty of parameter identification.
The greater the trajectory sensitivity, the greater the influence of parameters on the dynamic behavior
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of the system and the easier it is to identify [20]. Trajectory sensitivity (relative value) is defined as the
following formula:
}/(tzglz---rgi"‘Aei/---rem)_y(trelrmreir---/em)
. 161, BiBm)
Sp. = lim y(tB,--. B
b AG;—0 Ab;

)

where Sy, is the trajectory sensitivity of the i-th parameter 0;, and 6,9 is the given value of the parameter
0;; y is one of the observed quantities. m is the number of parameters to be identified.

Research shows that if the observed quantity is sensitive to the parameters, that is,
the corresponding trajectory sensitivity is relatively large, the parameters can be easily identified
according to the observed quantities. On the contrary, if the parameter has little influence on all the
observed quantities, then the parameter is not easy to identify. In order to quantitatively compare
the sensitivity of each parameter, the average value of the absolute values of each point of the track
sensitivity can be calculated according to the following formula:

1 K
ASei = KKZ_1|591‘| @)

where k is the total number of points of trajectory sensitivity.
2.2. Determination of Parameters to be Identified and Data Testing Scheme for the Microgrid

2.2.1. Sensitivity Analysis

For the PV, direct-drive wind turbine and energy storage unit in the microgrid discussed in
this paper, the converter is the core component. So it is a key technology for distributed generation
unit modeling to establish a reasonable model of the converter and its controller and to obtain its
parameters accurately.

In this paper, based on the general models discussed in Section 1, and according to the analysis of
transient characteristics of microgrids, models of the PV, direct-drive wind turbine and energy storage
unit control system are established, respectively.

First, for the PV unit, the output of the photovoltaic cell is simulated by an equivalent DC source,
and PV has both an MPPT operating mode and a constant power mode. The control structure of
the PV unit is shown in Figure 1. The parameters that need identification include the maximum
and minimum of power change rate when the PV unit works in MPPT mode and PI (Proportion
Integration) parameters of active and reactive power control links. This is because in MPPT mode,
a sudden change in the active power output may damage the converter, and a slow change may be
harmful to the recovery of the system. The PI control parameters of active and reactive power control
links directly affect the dynamic characteristics of PV unit. The parameters to be identified are shown
in the red dashed box in Figure 1.
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Figure 1. Control structure diagram of the photovoltaic (PV) unit.

For the trajectory sensitivity analysis, a grid-connected PV system model is built on
MATLAB/Simulink platform. The active power P and reactive power Q at the outlet of the PV
unit are selected as the observation measurements, sensitivity analysis is done to Ky, T}, Kq and Tg,
all of which are parameters of the PI controllers of the PV unit in Figure 1 and need identification.

In Figure 1, Kp(1 + %) is the general form of PI controller, where, K, represents the ration
coefficient, T}, represents the integral time constants. However, in the simulation model constructed in
MATLAB, the form of PI control is K, (1+ % ), where Kjp is used to describe the integral link, and the
relationship between Kjp and Ty, is: Kjp = Kp/Tp. Similarly, the relationship between Kjq and Tq is:
Kiq = Kq/Tq. Due to the MATLAB platform, the trajectory sensitivity analysis given in Figures 3 and 5
adopts Kjp and Kjq instead of T and Tq.

(1) Trajectory sensitivity when power reference value changes.

The reference values of the active power and reactive power of the converter are changed
according to Figure 2a,b respectively. The trajectory sensitivity of the parameters to be identified is
shown in Figure 3a,b.
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Figure 2. (a) Reference value of active power of the converter; (b) reference value of reactive power of
the converter.
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Figure 3. (a) Sensitivity curve of active power of the parameter to be identified; (b) sensitivity curve of

reactive power of the parameter to be identified.

(2) Trajectory sensitivity in the case of short-circuit fault.

At the point of common coupling (PCC), a three-phase short-circuit fault occurs at t = 0 s, and the
voltage drops to 0.8 p.u. Att=0.15s, the fault is cleared, and the system gradually resumes normal
operation. The voltage (U) at PCC is shown in Figure 4. The trajectory sensitivity of the parameters to

be identified is shown in Figure 5a,b.
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Figure 4. Reference value of the voltage at the point of common coupling (PCC).
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Figure 5. (a) Sensitivity curve of active power of the parameter to be identified; (b) sensitivity curve of
reactive power of the parameter to be identified.

The sensitivity analysis results show that, under the conditions of both reference value change
and the short-circuit fault, active power is more sensitive to the parameters K, and T}, and reactive
power is more sensitive to the parameters Kq and Tq. Therefore, with an appropriate data testing
scheme, the dynamic data of the output power of the distributed generation unit under different
working conditions can be collected to identify the required parameters.

(3) Sensitivity of upper and lower limits of power change rate.

The acquisition of the upper and lower limits of the power change rate does not require sensitivity
analysis, but only needs to set the power change reference value in the actual test process and calculate
the power change rate according to the test data.

(4) Sensitivity analysis of direct-drive wind turbine.

For direct-drive wind turbine, the machine-side variables and the grid-side variables are
decoupled by the DC link. Only the PI control parameters of DC voltage and reactive power control link
of the grid side converter directly affect its dynamic characteristics. Therefore, the machine-side part is
replaced by an equivalent DC source, and the control structure is shown in Figure 6. The parameters
that need identification include PI parameters of the DC voltage control link and the reactive power
control link. The parameters to be identified are shown in the red dashed box in Figure 6.
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Figure 6. Control structure diagram of direct-drive wind turbine.
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Adopting the sensitivity analysis method used in the PV unit, the sensitivity analysis is undertaken
for the direct-drive wind turbine. The results show that the DC voltage of the direct-drive wind turbine
is more sensitive to the parameters K, and Tp, and the reactive power is more sensitive to the
parameters Kq and Tg.

() Sensitivity analysis of energy storage unit.

For the energy storage unit, the output of the energy storage battery is also simulated by an
equivalent DC source, of which the control structure is shown in Figure 7. In the grid-connected mode
of a microgrid, the energy storage unit works in power control mode, and normally the Q command
is 0. Therefore, the parameters that need identification include the upper and lower limits of the
active power control slope and the PI control parameters of the active and reactive power control links.
The parameters to be identified are shown in the red dashed box in Figure 7.
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Figure 7. Control structure diagram of energy storage unit.

Adopting the sensitivity analysis method used in the PV unit, the sensitivity analysis is undertaken
for the energy storage unit. The result show that the active power of the energy storage unit is more
sensitive to the parameters K, and Ty, and the reactive power is more sensitive to the parameters Kq
and Tj.

q

2.2.2. Test Scheme

The sensitivity analysis gives the correlation between system parameters and system external
characteristics and helps to determine the observation measurements for parameter identification.
According to the sensitivity analysis in the previous section, the test scheme was designed, as shown
in Table 1.

Table 1. Parameters to be identified and test scheme of the renewable power sources.

Test Object Parameters to Be Identified Test Scheme Operation Mode
Parameters of maximum power
tracking control link Te.st of th.e DC source MPPT
. input disturbance
PV unit dpm_max: dpmfmin
Parameters of power control link Test of voltage
; Power control
Kp, Tp, Kq, Tq disturbance
Direct-drive wind Parameters of power control link Test of voltage
. . Power control
turbine Kp, Tp, Kq, Tq disturbance
Parameters of power slope control link  Test of power command
dpP dpP i value disturbance Power control
Energy storage unit ord_max #7ord_min
Parameters of power control link Test of voltage

. P 1
Kp, Tp, Kq, Tq disturbance ower contro
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2.3. Parameter Identification Steps Based on Particle Swarm Optimization Algorithm

Considering the nonlinearity of the system to be identified, the time cost and the accuracy of the
algorithm [21-23], the particle swarm optimization algorithm is adopted for parameter identification.

Input the original data of the power grid

The flow chart is shown in Figure 8.

Initialize related parameters of particle
swarm optimization

l

Initialize the positions and velocities of
particles

’ Compute fitness and run the model‘

l

’ Compute errors ‘

l

Evaluate optimal value of each particle
and global optimal value

Satisfy convergence criterion?

Yes

’ Update positions and velocities of particles ‘

each maximum
generation?

Yes

’ Output optimal solution ‘

Figure 8. Flow chart of parameter identification.

2.4. Error Indicator

According to the China Recommended Standard GB/T 32892-2016 “photovoltaic power
generation system model and parameter testing procedures”, the maximum deviation between the
simulation data and the test data during the steady-state interval is adopted to assess the accuracy of
the model. The expression is as follows:

F=maxix,, ki, (Xs(i) — X)) )

where X is the standard value of the electrical quantity in the simulation data; X, is the standard
value of the electrical quantity in the test data; Kjy,,, , and Ky, , are the first and last serial numbers of
the test data in the error calculation interval.
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3. Example Analysis

3.1. Basic Information and Selection of Test Points

The modeling and test work are carried out on the wind /PV /storage microgrid demonstration
system established by the Electric Power Research Institute of State Grid Jiangsu Electric power
corporation. The system is a microgrid infrastructure platform which includes a distributed
wind/PV/storage unit, i.e., one 30 kW horizontal axis direct-drive wind turbine, one 5 kW rotor
wing direct-drive wind turbine, one 5 kW H airfoil direct-drive wind turbine, one 30 kW fixed
polycrystalline PV unit and one 75 kWh lithium battery energy storage unit. The detailed parameters
of the microgrid example system are shown in Appendix A.

The wind turbines, PV power unit and energy storage unit of the microgrid are connected in
parallel to a 0.4 kV bus, which connects to a 10 kV distribution network for power exchange with the
main grid.

The test points are selected according to the sensitivity and test scheme determined in Table 1.
The test basis is as follows: GB/T 32826-2016 “photovoltaic power generation system modeling guide”,
GB/T 32892-2016 “photovoltaic power generation system model and parameter test regulation”,
and GB/T 34133-2017 “energy storage converter test technical regulation”.

The test points of the microgrid in the example are shown in Figure 9. The test equipment
connection points are shown in red. A total of four test points are used to test the voltage and current
of the PV unit, wind turbines, energy storage unit as well as the grid-connection terminal respectively.

@ Distributing

substation

Laboratory
switch2
grid-
connected
switch
9501 grid
simulator

9B01 D 9WSSE

AC400V
BusIl

9W33

AC400V
Busl

9W21 9W06 owo4 (@

Al A Al
DC[ DC DC

Wind Energy
turbine storage

Figure 9. Electrical wiring diagram of modeling simulation and test of the microgrid.

3.2. Effectiveness Analysis of the Microgrid Model

3.2.1. Parameter Identification Result

Using the method described in Section 2, the parameters of the microgrid demonstration system
are identified, and the results are shown in Table 2.
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Table 2. Parameter identification results of the wind/PV /energy storage unit in the microgrid.

10 of 15

Identification Result

Identification Result  Identification Result Identification Result

Identification Result

Name Definition . of 30 kW Horizontal  of 5 kW Rotor Wing of 5 kW H Wing .
of PV Unit Axis Wind Turbine Wind Turbine Wind Turbine of Energy Storage Unit
dPm_max Upper limit of maximum power tracking slope (pu/s) 151.64 Not included in the test
dPm_min Lower limit of maximum power tracking slope (pu/s) 52.1
Kp PI control proportional coefficient of the active power control 0.6372 1.55 1.72 0.77 0.53
Tp PI control integral time constant of the active power control (s) 0.0049 0.0083 0.0013 0.0013 0.0063
Kq PI control proportional coefficient of the reactive power control 1.1962 1.33 1.34 0.077 0.68
Tq PI control integral time constant of the reactive power control (s) 0.0157 0.0022 0.0013 0.0054 0.0026
dPord U limit of acti trol sl 12.46
ord_max pper limit of active power control slope (pu/s) Not included in the test
dPord_min Lower limit of active power control slope (pu/s) 3.87




Energies 2018, 11, 2525 11 of 15

3.2.2. Validity Analysis of the Microgrid Model

The microgrid has two modes: Grid-connected mode and island mode. In the normal operation
of the main power grid, the microgrid works in the grid-connected mode. If a fault occurs in the main
power grid, the relay protection device of the power system acts, and the connection between the
microgrid and the main power grid is disconnected. The microgrid enters the island operating state.
During the microgrid grid-connection/island switching process, frequency and voltage fluctuations of
the distribution network and the microgrid may occur.

In order to verify the accuracy of the overall model of the microgrid, the grid-connection/island
switching tests and simulation analysis were carried out. The test data and the simulation data were
compared to verify the validity of the parameter identification results. The test cases and test points
are shown in Table 3.

Table 3. Grid-connection/island switching test of the microgrid.

Test Cases Test Points
Control from grid-connected mode to island mode AC side of PV and energy storage unit; PCC
Control from island mode to grid-connected mode AC side of PV and energy storage; PCC

PCC refers to point of common coupling.

Case 1: Normally, the microgrid works in grid-connected mode, the power supplied by the PV
unit is 20 kW, energy storage unit supplies 50 kW. Then, at t = 10 s, the microgrid is switched to island
mode from grid-connected mode. The comparison of the simulation results and the test data are
shown in Figure 10. The errors are shown in Table 4, the fulfillment of the results is obtained according
to GB/T 32892-2016 “photovoltaic power generation system model and parameter test regulation”.
The data includes: The voltage, active power and reactive power at PCC, the active power supplied by
the energy storage unit and the PV unit respectively.

250

248 1 Simulation data ol .
246 | Test data
244 L ‘ sob
> ol | E
j) =
240 | ;ﬁ’ >
100 Simulation d
238 | imulation date
236 |- Test date
L L L L -150 L L L L
0 2 4 6 8 10 0 2 4 6 8 10
t/s t/s
(a) (b)
210 120
50.8 00 I Simulation data
50.6 - L
S04l % Test data
. 50.2 | ol
T 500 =
o w8t ~ 4of
o496 | A~ 20f
49.4 | Simulation data ol
4921 Test data 20} I
490 Il Il Il Il Il Il Il Il
0 2 4 6 8 10 0 2 4 6 8 10
t/s t/s
(c) (d)

Figure 10. (a) Comparison of the voltage at PCC; (b) Comparison of the active power at PCC;
(c) Comparison of the frequency at PCC; (d) Comparison of the active power of energy storage unit.
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Table 4. Errors in case 1 condition.

Name F Fulfill the Regulation
Voltage at PCC 0.024 Yes
Frequency at PCC 0.0006 Yes
Active power at PCC 0.029 Yes
Active power of the energy storage unit 0.016 Yes
Active power of PV unit 0.024 Yes

Case 2: Normally, the microgrid works in island mode, the frequency and voltage are controlled
by the energy storage unit. The frequency is 50 Hz. The power supplied by the PV unit is 20 kW,
and the load is 32 kW. Then, at t = 2.2 s, the microgrid is switched to grid-connected mode from island
mode. The comparison of the simulation results and the test data are shown in Figure 11. The errors
are shown in Table 5.

250 25
248 - Simulation data 20
246 |- L 7_—‘
Test data
244 | sl
242 |
> 240 = 10
e ] ]
o 238 = .l
236 |- . .
234 | 0 Simulation date
232 | Test date
230 L L L L L L L L L -5 L L L L L L L L L
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
t/s t/s
(a) (b)
250 25
248 | Simulation data 20 Simulation data
A N—
246 | Test data Test data
15+
244 ‘
2 242 g 10
=) ‘ -
240 - LW A 51 k
238 |- oL
236 |-
1 1 1 1 _5 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 0 2 4 6 8 10 12 14 16 18 20
t/s t/s
(c) (d)
20.0
Simulation data
195 Test data
19.0 |-
2
<
Py 185
18.0 |
175 ! ! ! ! ! ! ! ! !
0 2 4 6 8 10 12 14 16 18 20

(e)

Figure 11. (a) Comparison of the voltage at PCC; (b) Comparison of the active power at PCC;
(c) Comparison of the frequency at PCC; (d) Comparison of the active power of energy storage
unit; (e) Comparison of the active power of PV unit.
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Table 5. Errors in case 2 condition.

Name F Fulfill the Regulation
Voltage at PCC 0.023 Yes
Frequency at PCC 0.00012 Yes
Active power at PCC 0.030 Yes
Active power of energy storage unit 0.011 Yes
Active power of PV unit 0.0047 Yes

3.3. Summary

According to the simulation results, the frequency and voltage are within normal limits during
the transient process of grid-connection/island switching. In addition, the simulation model meets
the grid guide in terms of error indicators, which provides a reasonable model for the analysis of the
overall operating characteristics of the microgrid, and thus help guarantee the stable operation of the
microgrid and its practical application in China.

4. Conclusions

In view of the influence of manufacturers, models, and other factors on the accuracy of parameters
in microgrid modeling, this paper proposes an accurate modeling method for microgrids, which
provides a model basis for the analysis of the overall characteristics of a microgrid and may help
popularize the application of microgrids. The conclusions obtained in this paper and issues that require
further study include:

(1) The key to accurate modeling of microgrids is that the actual data used for parameter
identification are consistent with the actual system operating conditions. Based on the results of
the parameter sensitivity analysis, the paper designed a data test scheme to ensure the validity of
the data used in the parameter identification.

(2) Taking the microgrid demonstration system in China as an example, the important parameters of
the PV, wind turbine, and energy storage unit in the system were obtained, and the accuracy of
the model was verified through the comparison of the simulation data and the test data during
the grid-connection/island switching process. Therefore, it can be concluded that the modeling
method proposed in this paper is effective.

(3) The general model of renewable power generation units were adopted in the paper.
When studying the special control structure of the microgrid, the corresponding test scheme and
algorithm need to be further improved.

(4) Inthe microgrid control system, the current parameter identification focuses on the parameters in
power and frequency control. Future studies should pay more attention to the increasing demand
of low voltage ride through controls of the microgrid.

(5) The workload of parameter identification based on test data is large. When the number of
microgrids increases, the workload increases exponentially. It is necessary to develop specialized
and commercial software to improve the efficiency of microgrid parameter identification
and modeling.
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Table A1. Basic information of the microgrid of Electric Power Research Institute of State Grid Jiangsu

Electric power corporation.

Microgrid Composition

Technical Parameter

Manufacturer Shanghai Ghrepower Green Energy Co., Ltd.
Horizontal Axis Wind Type/Quantity GNW36k3G/1 set
Turbine 30 kW Rated Power 36 kW
Rated Voltage 380V + 15%
Manufacturer Shanghai Linfeng Wind Energy Technology Co., Ltd.
Wind Turbine Rotor-Type Wind Type/Quantity 1 set
Turbine 5 kW Rated Power 5kW
Rated Voltage 380V
Manufacturer Shanghai Linfeng WdeE;eigté/ Science and Technology
Igfyg‘;veg_ﬁcaéié\i]s Type/Quantity P5000-AB/1 set
nd turbme Rated Power 5kW
Rated Voltage 380V
Manufacturer Sungrow Power Supply Co., Ltd.
. Type/Quantity SG30K3/1 set
Photovoltaic Inverter Rated Power 30 KW
Rated Voltage 380V
Manufacturer Jiangsu Fangcheng Electric Science and Technology Co., Ltd.
Type/Quantity 1 set
Energy Storage Converter Rated Power 500 KW
Rated Voltage 380V
The voltage lével of 10KV
access point
Power supply /
distance of the grid

Information about the connection to the
power network

The location of
point of common
coupling

Distributed microgrid base platform 10 kV power
distribution room

Short circuit

Positive sequence short circuit capacity of bus three-phase

capacity short circuit in maximum operation mode 289 MVA
Whether there is a MYes ONo
i =
traansnfrz ;por not Quantity: 1 Capacity per unit: 500 kVA
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