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ABSTRACT

The hybrid microgrid can make full use of the distributed generation to
supplement the large power grid, but different power sources need to be
coordinated before supplying more stable power. This study proposed an
improved coordinated control strategy for the heterogeneous power in the
hybrid microgrid. In this strategy, the reference power of the gas turbine was
calculated by the predictive algorithm instead of the traditional reference
power calculation method. Then, the simulation experiment was carried out.
The results showed that the micro gas turbine provided the power when the
photovoltaic output power was insufficient to bear the local load due to the
decrease of light intensity, and the gas turbine under the improved control
strategy provided the power faster; the voltage fluctuation of the distribution
network bus caused by the sudden change of illumination was smaller and
lasted for a shorter time under the improved coordinated control strategy;
the fifth and seventh harmonics generated by the voltage fluctuation were
smaller under the improved strategy.

1. INTRODUCTION

The power supply of the traditional power grid system is in the form of single centralization;
thus, once there is a problem in some areas, it will affect the stability of the whole power grid.
Moreover, the scale of the power grid increases with the increase of the power generation
scale; as a result, the edge of the power grid is far away from the power generation center, and
the current feeder loss is serious [1]. Compared with the traditional power grid, the distributed
power grid [16] is more flexible in the power supply. Even if there is a problem in the
distributed power grid, it can be disconnected in time to ensure the stability of the main grid.
Moreover, the distributed grid can flexibly add microgrid at the edge to reduce the feeder loss
at the edge of the grid, and this kind of power supply form is quite suitable for the existing
renewable energy, such as photovoltaic power generation, wind power generation, etc. [2].
Although the power provided by the renewable energy in a microgrid is weaker than that in
the main grid, it can play a complementary role. As a part of the distributed power grid,
microgrid also has some characteristics of the distributed grid: the power generation in the
grid is distributed, and the grid with different types of power can form a larger grid [17].
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The power grid composed of different types of power can make up for the defects of their
respective power. However, due to different types, the power supply between them will not
match. Therefore, it is necessary to have appropriate coordinated control strategies [3] to
bridge them and reduce the instability of microgrid. Xia et al. [4] proposed a control method
of the parallel bidirectional power converter based on decentralized control to provide good
voltage support for direct current microgrid and verified the reliability of the method by
simulation and actual hardware experiments. Zhou et al. [5] proposed a microgrid cluster
structure and its autonomous coordinated control strategy and verified through the simulation
and actual hardware experiment that the control strategy could effectively stabilize the
microgrid. This paper proposed an improved coordinated control strategy for the
heterogeneous power in the hybrid microgrid. In this strategy, the reference power of the gas
turbine was calculated by the predictive algorithm instead of the traditional reference power
calculation method. Then, the simulation experiment was carried out.

2. MICRO GAS TURBINE - PHOTOVOLTAIC MICROGRID

Ej—N/N; E,
; v = ¥
" MppT = P T [— » PI =Pl
[ ' v i ' * | .
i 3 L] be W ig o Y abe .
@ abe o : = PWM
Q id g i 4 g o ia oL, i da
A id L4 - 2 v - Y
Qrer = - Pl e - P - it - P -
Control framework of photovoltaic inverter Conlrol [ramework of gas turbme rectifier
Eq
Tars L = ool
F - o ¥ = Pl - Vigref - = Pl 2
i i - |, y [} '
Eq ia re Yhabe| |, Veer— WS Va e pwm
W L ’ L,
ia tF Pl dq Y i
idrer Y - . 1

Cret ™ LI = Pl - Vdret - = Pl
A
o T ., . Control framework of inverter 1solated
Control framework of mverter grid

: . - 1sland operation of gas turbine
connecled operation of gas turbine

Figure 1 The power control framework of different power in the hybrid microgrid

In the process of using different types of power in the microgrid, whether it is in grid operation
or island operation [7], the power in the grid will fluctuate when the operation state changes.
If not controlled, the fluctuation will spread to the whole grid, reducing the stability of the
grid.

As shown in Figure 1, the photovoltaic inverter obtains the reference value of the direct
current voltage (V;..r) by Maximum Power Point Tracking (MPPT) algorithm [8]. (i ,f), the
current reference value of the g axis is obtained by processing the difference between the
actual direct current voltage V and V,.. by Pl. i, ..., the current reference value of the d axis,
is obtained by processing the difference between the reactive power reference value Q.. and
the actual reactive power Q. The difference between the reference current and actual current
of g and d axes is processed by PI, and then the voltage difference of the g axis is combined
with the g axis potential and d axis current that have been processed to obtain the g axis voltage
reference value needed by the inverter.
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The voltage reference values of the g and d axes are transformed into three-phase voltage
reference values to trigger Pulse-Width Modulation (PWM) signal [9] to regulate the inverter.

The process of the micro gas turbine is similar to the previous text. Firstly, the q axis
reference current is obtained by processing the difference between the actual voltage and the
reference voltage of the rectifier with PI. Then the reference current of the q and d axes is
compared with the actual current, respectively. After the difference is processed by Pl, the
voltage difference of the g axis is combined with the g axis potential and the processed d axis
current. The voltage difference of the d axis is combined with the processed q axis current,
and finally, the voltage reference values of the g and d axes are obtained.

3. COORDINATED CONTROL STRATEGY
3.1. Traditional Coordinated Control Strategy
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Figure 2 The traditional coordinated control flow of the hybrid microgrid

In the hybrid microgrid, the photovoltaic array is the main power output, and the gas turbine
is the auxiliary. Once the output of the photovoltaic array is unstable due to environmental
change, the gas turbine is started to supplement it. In this process, they need to coordinate to
reduce grid instability caused by power load change and reduce the waste of the micro grid
power [6]. As shown in Figure 2, the traditional coordinated control strategy starts from active
and reactive power, and the control of photovoltaic power generation is realized through the
photovoltaic inverter control framework described above; the gas turbine regulates Pp,.r
according to the photovoltaic output power.

In the process of the active power coordination, the photovoltaic power B, obtained by
sensors in the grid is compared with the load demand power Py, in the grid.



142 Research on the Coordinated Control of Photovoltaic Microgrid Based on
Micro Gas Turbine

If P, is not smaller than Py,.q4, i.e., the photovoltaic power generation can satisfy the load
demand of the grid, then the assistance of gas turbine is not needed, i.e., the active reference
POWeEr Py OF the gas turbine is O; if By, is smaller than Py,q4, then the assistance of gas
turbine is needed, and Py, is the difference of B, and Py,q4. After obtaining Py, it is
used for the control of the gas turbine.

The coordinated control of reactive power is to reduce the voltage fluctuation at the grid
connection point and improve the stability. The process is as follows. The voltage fluctuation
AU, at the point of common coupling (PCC) at the grid connection [10] is collected by using
sensors. Then Q,.f, the reference value of reactive power that is used for stabilizing PCC
voltage, is calculated, and the calculation formula is given in Eq. 1:
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where S is the rated capacity of the inverter [11], V4, and V,,;, are the maximum and
minimum values of voltage fluctuation within the rated capacity range of the inverter, and Z
is the "dead zone" within the voltage fluctuation range [19], Q,.r= O when the voltage
fluctuates in this range. Then whether Q... is smaller than Q.. is determined. If it is, then
varef = Qrefr thref =0; if not, then whether Qref is within [vamax' vamax + thmax)
is determined. If itis, then Qpyrer = Qpumaxs Cmerer = Qrer — Qpvmaxs if NOL then Qpyyer =
Qpvmax: @merer = @memax. After obtaining Q,yrer aNd Qyrre s, they are used for controlling
photovoltaic and gas turbine. The above process can be referred to Eq. 2:
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where Qpumax and Qpemayx are the maximum reactive power of photovoltaic array and gas
turbine respectively and S,,,, and S,,,, are the rated capacity of inverter for photovoltaic array
and gas turbine respectively [18].

3.2. Improved Coordinated Control Strategy

The traditional strategy can effectively stabilize the microgrid. However, in practical
applications, the output of the photovoltaic array is very sensitive to environmental changes
and changes rapidly. When gas turbine generates power, it relies on not only rectifiers and
inverters but also the complex turbine control adjustment. In the face of rapid changes in the
output of the photovoltaic array, the response of the gas turbine is slightly slow [12].
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In the period of gas turbine delay, the photovoltaic array cannot be fully assisted, which
leads to a decrease of grid stability. In this study, the power of the gas turbine was predicted
to deal with the problem of the slow dynamic response of the gas turbine. In short, in the
traditional coordinated control process, P, Of gas turbine was predicted by the prediction
algorithm [13], and the prediction formula is given in Eq. 3:
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where z represents the output sampling sequence of photovoltaic array collected by sensors,
G (z) represents the predicted value, L is the predictive step length, Ty is the sampling period,
T, is the predictive lead, N is the number of sampling points, M is the number of regions
divided in the sampling sequence, w; is the the weight of the data difference corresponding to
adjacent regions, and t is the time delay of the gas turbine.

4. SIMULATION EXPERIMENT

4 1. Experimental Environment

In this study, the simulation experiment was carried out on the coordinated control strategy of
the microgrid isolated island operation stability using MATLAB software [14]. The
experiment was carried out on a laboratory server with configurations of Windows7 system,
I7 processor, and 16 G memory.

4.2. Experimental Setup

The structure of the simulation model is shown in Figure 3. The two power generation systems
were connected with the distribution network bus, and the distribution network bus was
connected with the local load and large power grid as PCC. The dotted arrow in Figure 3
indicates the microgrid power information collected by the sensors transmitted to the control
center; the solid arrow represents the PWM control signal fed back by the control center after
calculating the power information [20]. In the simulation experiment, the related parameters
for reference are shown in Table 1.
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Figure 3 The basic structure of the hybrid microgrid coordinated control
Table 1 Parameters setting of the hybrid microgrid
Parameter Numerical value Parameter Numerical value
Rated power of 20 kw Rated voltage of 380V
photovoltaic array photovoltaic array
Rated power of gas 30 kW Rated voltage of gas 380 V
turbine turbine
Line impedance 0.642 ©/km Rated capacity of 50 kW
rectifier
Sampling points of the 800 Rated capacity of 50 kW
prediction algorithm inverter
Sampling period of the 0.5s Sampling region 15
prediction algorithm number of the
prediction algorithm
Response delay of gas  10s Step length of the 800
turbine prediction algorithm

4.3. Experimental Methods

Firstly, the model was built in MATLAB according to the hybrid microgrid structure shown
above. The traditional coordinated control and improved coordinated control strategies were
loaded into the microgrid control center module, and then the simulation experiment started.
The process flow is as follows. Two power generation systems were turned on at the same
time and connected to the distribution network bus [15], in which the power required by the
local load of the microgrid was 18 kw. The variation curve of the illumination intensity of the
photovoltaic power generation system is shown in Figure 4. The initial illumination intensity
was 800 W/m2. After 10 s, the illumination intensity suddenly dropped to 400 W/m2 and
maintained until 20 s. After the two power generation systems were connected to the
distribution network, the moment when the photovoltaic array began to receive light was taken
as the initial time. The light intensity changed according to the curve in Figure 4 in the next
20 s, and the power changes in the grid under the two coordinated control strategies were
recorded respectively.
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Figure 4 Variation curve of illumination intensity in the simulation experiment

4.4, Experimental Results

As shown in Figure 5, the output power suddenly reduced at 10 s, then the micro gas turbine
started to output electric energy to ensure the power required by the load, and the output power
increased first and tended to be stable. Under the two coordinated control strategies, the
variation trend of the output power of the photovoltaic and gas turbine was similar, especially
the change of photovoltaic output power nearly coincided. However, it was seen from Figure
5 that the output power of the result was that the non-negligible dynamic response of the gas
turbine made the improved control strategy based on the prediction algorithm start the gas
turbine ahead of time to reduce the delay.
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Figure 5 The output power variation of the hybrid microgrid under two coordinated
control
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Figure 6 The bus voltage variation of the hybrid microgrid under two coordinated
control strategies

As shown in Figure 6, before the change of light intensity, the photovoltaic output and gas
turbine output was stable due to the stable light intensity, so the voltage of the distribution
network bus in the microgrid was stable at 380 V; at 10 s, the light intensity dropped suddenly,
the photovoltaic output also dropped sharply, and the gas turbine also provided output to
guarantee the power needed by the load, during which the voltage of distribution network bus
inevitably fluctuated; with the stability of light intensity, the photovoltaic output and gas
turbine output became stable, and the bus voltage returned to the stability state again. It was
seen from Figure 6 that the voltage fluctuation under the improved coordinated control
strategy was smaller, and the duration was shorter. The reason was that the improved
coordinated control strategy predicted the gas turbine and started the output ahead of time,
which made the power switching cooperation of the two power generation systems smoother,
more stable, and faster.

When the light intensity changed suddenly, the output power of the photovoltaic array also
changed suddenly. To ensure the power demand of the load in the microgrid, the gas turbine
started to provide output. However, due to the dynamic response delay, the output power of
the gas turbine was unable to meet the requirements instantly. In this period, the power
provided by the two power sources did not match the power required by the load; thus, the
voltage of the distribution bus of the power grid lost stability, producing harmonics. The
existence of harmonics could affect not only the microgrid but also the distribution network
connected with the microgrid. As shown in Figure 7, the 5th and 7th harmonic content was
3.35% and 2.11% respectively under the traditional coordinated control strategy and 0.98%
and 0.65%, respectively, under the improved coordinated control strategy. It was seen that the
harmonic content of the microgrid was lower under the improved coordinated control strategy.
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Figure 7 The 5th and 7th harmonic content in the microgrid under two coordinated
control strategies

5. CONCLUSION

In this study, the power control framework of the photovoltaic power generation system and
micro gas turbine power generation system in the hybrid microgrid was briefly introduced,
the reference power of the micro gas turbine was predicted by using the prediction algorithm,
the traditional coordinated control strategy of the microgrid was improved, and the simulation
experiment was carried out on the two control strategies. The results are as follows: (1) when
the light intensity dropped abruptly, the photovoltaic output power under two control
strategies decreased sharply and coincided; the output power of the gas turbine gradually
increased, and the increase was faster under the improved control strategy; (2) when the light
intensity dropped suddenly, the distribution network voltage under the two control strategies
fluctuated; the fluctuation under the improved control strategy was smaller and lasted for a
shorter time; (3) when the sudden change of light intensity led to harmonics in the microgrid,
the 5th and 7th harmonic content of the microgrid was smaller under the improved control
strategy.
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