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Abstract—This paper presented an extensive analysis of
dynamic change of power flow between distributed generators
and loads in the situation of low grid voltage. And, a control
strategy with energy storage to balance the power flow was
proposed. First, the constant power control strategy of the
distributed generators such as photovoltaic power generation and
wind power generation was realized, and the output power flow of
the voltage source converter was also analyzed. Second, with
different types of system loads which were constant power load
and constant impedance load, the dynamic process characteristics
of the distributed generators and the loads were presented when
the grid voltage was lower than the normal value. Finally, energy
storage equipment was used to balance the power flow, and the
control method of the energy storage was also presented. Based on
these analyses, the characteristics of distributed generation system
are obtained. Simulation investigation results are finally provided
to verify the analysis and specification.
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I.  INTRODUCTION

Distributed Generations (DG) has attracted more and more
attentions in the last several years. Normally, the DG may be
photovoltaic power generator, wind power generator or energy
storage equipment [ 1, 2]. Renewable energy generations such as
photovoltaic power generator, wind power generator are easily
affected by the natural environment.

The voltage source inverter is used in the DG system. And,
many control methods are proposed [3, 4]. In the grid-connected
mode of DG, the PQ control is widely used to generate the active
power and the reactive power [5]. The Maximum Power Point
Tracking (MPPT) control can get a high generating efficiency in
photovoltatic power generator and wind power generator [6].

The power flow between distributed generators and loads
should be balanced in distributed generation system. If the low
grid voltage occurs, the power flow will be changed. Some
control strategies are proposed in the grid fault situation, in [7],
the control strategy of low voltage ride through is presented to
make the wind power generator operate normally when the low
voltage occurs. And, the DG systems are required to remain
connected to the grid for a certain period of time determined by
the voltage limiting curve to allow disconnection. The limiting
curves for voltage pattern in the grid connection mode of the DG
are also presented in the event of the grid fault [8]. Furthermore,
in [9], the analysis of the power qualities is carried out, and in

[10], some control methods of power quality improvement are
got. The conclusions in these papers are very useful, and make
contributes to the applications. However, the analysis of the
power flow at the grid fault is seldom discussed, especially with
different type of DG and loads. And the characteristics of the
power flow in the situation of grid fault should be discussed in
detail.

In this paper, an extensive analysis of dynamic power
change is presented, and a control strategy with energy storage
to balance the power flow is proposed. The output power flow of
the voltage source converter is also analyzed. Second, with
different types of system loads which are constant power load
and constant impedance load, the dynamic process
characteristics of the distributed generators and the loads are
presented when the grid voltage is lower than the normal value.
Finally, energy storage equipment is used to balance the power
flow, and the control method of the energy storage is also
presented.

II. DG SYSTEM AND CONTROL STRATEGIES

A. DG System

The DG system is shown in Figure 1. There are several
distributed generators such as photovoltaic power generation
and wind power generation. A voltage source converter with a
battery is in parallel with the load and the distributed generators.
The load power is supplied by the grid and the distributed

generators.
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FIGURE I. DG SYSTEM

B.  Control Strategies

In the DG system, the control strategy of wind power
generation and the control strategy of photovoltaic power
generation are investigated.
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In Figure II, the wind power generator can produce the
active power to the grid, and the MPPT control method is
usually to control the output active power. So, the PQ control is
widely used in the wind power generation system. In this paper,
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a Permanent Magnet Synchronous Generator (PMSG) based
wind power generation system is investigated. In the control
strategy, a current control loop and a DC side voltage control
loop/speed control loop are proposed.
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FIGURE II. CONTROL STRATEGY OF WIND POWER GENERATION

In Figure III, the photovoltaic power generator can produce
the active power to the grid, and the MPPT control method is
usually to control the output active power. In this paper, a
DC/DC converter (Boost) and a grid-connected voltage source

inverter are used to transfer the power and to boost the DC side
voltage. In the voltage source inverter, the PQ control is also
used. In the control strategy, a current control loop and a DC
side voltage control loop are proposed.
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FIGURE III. CONTROL STRATEGY OF PHOTOVOLTAIC POWER GENERATION

III. CHARACTERISTICS OF DISTRIBUTED GENERATIONS WITH
Low GRID VOLTAGE

In the grid-connected mode, the output power of distributed
generations is determined by the power of the renewable energy
generations. And, the PQ control of the voltage source inverter
is used to transfer the power to the grid. If the grid voltage
becomes to a low voltage value, the power generated by the
distributed generations is not changed in a period of time,
because the output power of renewable energy changes slowly.



ATLANTIS
PRESS

A.  Characteristic of Grid Power with Different Types of
Loads

When the low grid voltage happens, the characteristics of the
grid power are different with different types of system loads. If
the system load is a constant power load, the power flowing to
the grid is not changed, because the output power of each
distributed generator is not changed. In Fig. II and Fig. III, the
current control loop of the voltage source inverter has a grid
voltage forward component, and then, the low grid voltage does
not affect the current control loop. As a result, the reference
current generated by the DC side voltage control loop will be
changed, because the power does not change and the grid
voltage changes. Finally, the output current changes according
to the reference current.

If the system load is a constant impedance load, the power
flowing to the grid will be changed, because the output power of
each distributed generator is not changed and the load power is
changed. In this situation, the power fluctuation exists, and it
might influence the power balance or the grid stability,
especially, in large renewable energy capacity grid. The energy
storage equipment is usually used to balance the change of the
power during the period of the low grid voltage.

B.  Control of Energy Storage Equipment to Balance the
Power Flow

In Figure IV, the energy storage equipment can produce the
active power to balance the power flow. In the control strategy, a
current control loop and an active power control loop are
proposed. If the value of the reference power is changed to the
power error between the power of the distributed generators and
the load power, the grid power will be controlled to a constant
value in the low grid voltage situation.
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FIGURE IV. CONTROL STRATEGY OF ENERGY STORAGE
EQUIPMENT

IV. SIMULATION

In order to verify the analysis and specification, the
simulation investigation were carried out.

A.  Output Characteristics of Distributed Generators with
Low Grid Voltage

In Figure V, when the low grid voltage happened, the output
current of the wind power generation will be changed and the
output power will not be changed because the output power was
determined by the wind power generator. In Figure VI, when the
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low grid voltage happened, the output current of photovoltaic
power generation will be changed and the output power will not
be changed because the output power was determined by the
photovoltaic power generator.
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FIGURE V. OUTPUT CURRENT AND OUTPUT POWER OF WIND
POWER GENERATION WITH LOW GRID VOLTAGE
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FIGURE VI. OUTPUT CURRENT AND OUTPUT POWER OF
PHOTOVOLTAIC POWER GENERATION WITH LOW GRID
VOLTAGE

B.  Characteristics of Grid Power with Low Grid Voltage

For the constant power system load, in Figure VII, when the
low grid voltage happened, the grid power will not be changed
because the power of the distributed generations and the load
was not changed. For the constant impedance system load, in
Figure VIII, when the low grid voltage happened, the grid power
was changed because there was a power error between the
distributed generators and the load. In Figure IX, if the energy
storage equipment was used to compensate the power error, the
grid power can be control to a constant power value.
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FIGURE VII. GRID POWER WITH CONSTANT POWER SYSTEM LOAD
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FIGURE VIII. GRID POWER WITH CONSTANT IMPEDANCE SYSTEM
LOAD
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FIGURE IX. GRID POWER BALANCED BY THE ENERGY STORAGE
EQUIPMENT

The simulation results verified the analysis and the
conclusion.
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V. CONCLUSIONS

In this paper, an extensive analysis of dynamic power
change is presented under the low grid voltage condition, and a
control strategy with energy storage to balance the power flow is
proposed. In the distributed generations, because the grid
voltage forward component exists in the current control loop,
the influence of the low grid voltage on the current control loop
is very small, and the output power of the distributed generations
will not be changed, as a result, the output current reference and
the output current are changed. With the constant power system
load, the grid power will not be changed. And, with the constant
impedance system load, the grid power will be changed. The
energy storage equipment can be used to balance the power flow,
and the power value is equal to the power error between the
distributed generators and the loads.
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