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Abstract. The high voltage direct hanging energy storage system can effectively solve the problems of
fluctuation and intermittence caused by environmental factors, and improve the ability of power system to
absorb new energy. By controlling the energy storage, the new energy station has certain inertia and damping
characteristics, so that the new energy power station can be connected to the grid friendlier. Starting from the
time scale division method of inertial response control, this paper studies the energy demand of inertial
response of large-scale new energy power station in different time scales, and gives the inertial response
control strategy under different time scales. The model of high voltage direct hanging energy storage system
is established, and the inertia response characteristics control technology is verified.

1 Introduction
Energy is an important factor to maintain human survival
and development. The increasing population and the
development of social economy need a lot of energy as the
driving force. It not only brings great convenience and
benefits to human beings, but also brings many problems,
such as energy shortage and fossil energy pollution. The
development and utilization of renewable energy is of
great significance to ensure energy security and solve
environmental problems [1]. With the rapid development
of new energy such as photovoltaic and wind power, the
proportion of new energy is gradually increasing, and the
penetration rate is increasing day by day, while the
installed proportion of traditional synchronous generator
(SG) represented by thermal power is gradually reduced,
and the energy structure tends to be diversified. The new
energy generation systems represented by photovoltaic
and wind power are mostly power electronic interfaces
and connected to the grid in the mode of maximum power
point tracking (MPPT). The process of grid connection
almost contains no rotary inertia [2]. Therefore, the rotary
inertia and system damping of the power system are
relatively reduced, and they are more vulnerable to voltage
fluctuations, power fluctuations and system failures.
The new energy is not friendly to the power grid,
mainly because the power cannot be adjusted under the
MPPT operation mode, and the control method of power
electronic devices connected to the power grid does not
have the inertia of synchronous generator. Therefore, it is
considered to improve the energy storage technology and
apply it to the new energy grid connected device, so as to
reduce the power fluctuation of the power generation

system and have the ability of frequency modulation [3].
It can effectively solve the problems of fluctuation and
intermittence of new energy power generation caused by
environmental factors, and improve the ability of power
system to absorb new energy. By simulating the external
characteristics of synchronous generator, the new energy
station has the ability of active power frequency regulation
and reactive power voltage regulation, which can
effectively enhance the frequency stability and voltage
stability of power system, and realize safe, friendly, stable
and reliable grid connection [4].
In order to solve the above problems, the performance
and technology of the traditional grid connected inverter
should be greatly improved. Some advanced control
strategies for the inverter interface need further research
and development to improve the inertia response and
damping characteristics of the grid connected new energy
power station, and escort the safe and stable operation of
the large power grid. Therefore, this paper focuses on the
grid connection technology of new energy power station
based on high voltage direct hanging energy storage
system [5], and puts forward the key technology of inertial
response control for energy storage to enhance the active
support capacity of new energy power station, so that the
new energy power station can actively support the stability
of grid voltage and frequency, and promote the
development of friendly access technology of new energy
sources.

lihy@epri.sgcc.com.cn
© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1051/e3sconf/202125201049

E3S Web of Conferences 252, 01049 (2021)
PGSGE 2021

2 Inertial response characteristics of
high voltage direct hanging energy
storage system

closed-loop PI control, which can be used for simulation
analysis of primary frequency regulation of wind farm.
The model block diagram is shown in Fig. 1.
The station level reactive power control model also
belongs to the upper level control of wind farm, and the
output is station level reactive power control command.
The model provides constant voltage control, reactive
power droop control, constant power factor control and
constant reactive power control. It can be used for
simulation analysis of station level voltage regulation of
wind farm. The model block diagram is shown in Fig. 2.

2.1 Model of high voltage direct hanging energy
storage station
The station level active power control model belongs to
the upper level control of wind farm, and the output is
station level active power control command. This model
provides two control modes: open-loop control and

Figure 1. Station level active power control mode.

Figure 2. Station level reactive power control model.

The active power control model of converter level
belongs to local level control of wind turbine, and the
input is the active power command (Pord_trq) given by
torque control model. The model provides two control
modes, i.e., open-loop control and closed-loop PI control.
The model output is the active current control command
(I’pcmd), and the block diagram is shown in Fig. 3.
The converter level reactive power control model
belongs to the local level control of wind turbine, and the
reactive power control commands can be as follows: 1) the

reactive power command calculated by the constant power
factor of the fan; 2) the initial value of the reactive power
of the fan; 3) the reactive power command given by the
station level control. The model provides open-loop
control, reactive power and voltage coordinated control,
reactive power PI control and fixed initial reactive current
control. In addition, the model also provides additional
injection current control. The model output is the reactive
current control command (Iqcmd'), and the block diagram is
shown in Fig. 4.
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Figure 3. Converter level active power control model.

Figure 4. Converter level reactive power control model.

and voltage characteristics of traditional synchronous
generator when it is adjusted by its own moment of inertia
and governor. These disturbance factors include power
fluctuation of new energy power station, abnormal voltage
and frequency flicker caused by transient short circuit of
high voltage direct hanging energy storage system. The
response time and regulation time of primary frequency
regulation of large-scale power station based on energy
storage is generally faster than that of traditional generator
set. Especially, the response time of electrochemical
energy storage system based on power electronic
converter is millisecond level, and the regulation time is
basically at second level. Therefore, the time scale of
primary frequency regulation is shorter than that of
conventional generator set.
On the time scale of secondary frequency regulation,
the power system can shorten the time and response
accuracy of secondary frequency regulation by using the
characteristics of battery and other energy storage
equipment. The difference between the inertia response of
high voltage direct hanging energy storage system on the
time scale of secondary frequency regulation and that on
the time scale of primary frequency regulation is that in
the time scale of primary frequency regulation, energy
storage can restrain the rapid change of system frequency,
so as to increase the equivalent moment of inertia; on the
time scale of secondary frequency regulation, energy
storage plays a role in rapidly coordinating active power
output to achieve maintenance system frequency to rated

2.2 Inertial response time scale characteristics of
frequency response
The power system stability is caused by external
disturbance of power system. The relationship between
power system inertia and inertia is as follows: the effect of
inertia is embodied in inertia, the energy source of inertia
is inertia, and the size of inertia can be measured by inertia.
When the power system has fault disturbance, power
impact and frequency fluctuation, it depends on the
rotational inertia of a large number of rotating equipment,
which is called moment of inertia. The moment of inertia
represents the dynamic stability of the system. For the new
energy power generation without virtual inertia control
function, the equivalent moment of inertia of wind turbine
blade is very small, photovoltaic and energy storage are no
rotating static components. The low inertia problem of
power grid under high permeability will be more severe
than that of wind power. The reasonable definition of
virtual inertia of new energy station needs to expand the
energy source of inertia, use the rapid charge and
discharge of energy storage device to adjust the active
power, suppress the frequency mutation, and obtain the
inertial response to the system frequency change.
In the primary frequency regulation time scale, the
inertia response of high voltage direct hanging energy
storage system aims to simulate the external frequency

3

https://doi.org/10.1051/e3sconf/202125201049

E3S Web of Conferences 252, 01049 (2021)
PGSGE 2021

d
(1)
 P  Pg  P   Pg 0  Pg  K g (N  )
dt
where H represents the inertia effect of the system, Pg
represents the total power consumed in the power grid
including load, disturbance and frequency response
characteristics, Kg describes the frequency response
characteristics of the power grid, P represents the power
transmitted by the generation unit to the grid, ΔPg
describes the disturbance characteristics of the power grid.
Inertial response, which is to suppress the frequency
change as the goal, according to the frequency change rate
of the power grid to adjust its own output power. Referring
to the rotor inertia response characteristics of SG, the new
energy can be controlled to have similar inertial response
characteristics, i.e., the power change is directly
proportional to the frequency change rate. Therefore,
under the grid side power disturbance of ΔPg, the inertia
support power PFR provided is as (2), which is the basic
characteristic of inertial response provided by new energy
power station.

value purpose.

2H

2.3 Analysis of inertial response energy demand
of high voltage direct hanging energy storage in
different time scales
In the traditional research of converter grid connection, the
power grid is usually modeled as a single machine infinite
bus system, whose frequency and voltage are constant and
not affected by the outside world. Considering that the
inertia response of new energy power plants is generally
required when they are connected to the weak inertia
power grid, and the characteristics of weak inertia power
grid is that the frequency of power grid will change when
the load power fluctuates in the network. When the inertia
of the power grid is very weak and the load power
fluctuation is large, the frequency change rate of the power
grid may even exceed the tolerance of generators and
some sensitive loads Limit. Therefore, the inertia model of
power station should be able to reflect the inertia
characteristics of the new power grid.
The frequency response model of power grid shown in
(1) is proposed to represent the non-ideal power grid with
inertia and damping characteristics

PFR =  K d

d
dt

(2)

When the converter provides PFR inertial support
power, the frequency response characteristics of power
system are shown as follows

d
(3)
 P  Pg   P0  PFR    Pg0  Pg (t )   K g ( N - )  PFR  K g  N     Pg (t )
dt
Substituting the expression of power disturbance
d
d
2H
 Kd
 K g N     Pg (1  e t  ) (4)
shown in (1) and the expression of inertial support power
2H





dt
dt
By solving the above differential equation, the
expression of the system frequency can be obtained.

shown in (2) into (3), the differential equation of angular
frequency ω shown in the following formula is obtained.

K

 Pg
 2 H  gK t
Pg
Pg
Pg
2H  Kd
t 
d
 N 


, 
e 
e



Kg Kg   2H  Kd  
Kg

 Kg Kg   2H  Kd   
(5)

K
Pg  Pg t
Pg  2 H  gKd t

2H  Kd



,
e
 N 
K g  2 H  K d K g 
Kg


It can be seen from the above formula that the time
domain response of frequency includes steady-state
component and exponential transient component. Among
them, the steady-state component is a direct flow, which is
determined by the strength of the disturbance power and
the damping coefficient of the power grid itself. The
greater the disturbance power intensity is, the weaker the
grid damping is, and the more the DC component deviates
from the rated frequency. Only when the intensity of
disturbance power is zero, the DC component value is
equal to the rated frequency.

3 Simulation results of inertia response
characteristics control technology for
high voltage direct hanging energy
storage system
The simulation results show that when photovoltaic and
wind power are connected to the grid at rated power
(50MW) in 0s, the output power decreases to 20MW due
to the fluctuation of illumination and wind speed in 30s.
When the photovoltaic and wind power return to the rated
value in 50s, the inverter is locked and the photovoltaic
and wind power are off grid in 90s.
Fig. 5 shows the simulation waveforms of PV and
wind power grid connection point frequency and output
power. Fig. 6 shows the frequency, voltage and active and
reactive output waveforms of 220kV energy storage
system. It can be seen from the simulation waveform that
when the output power of photovoltaic and wind power
fluctuates, the system frequency will also change. The
active power and reactive power of the system will be
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stabilized according to the system voltage and frequency.
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Figure 5. Frequency and output power waveform of PV and
wind power grid.
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Figure 6. Frequency, voltage, active and reactive output
waveforms.
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frequency fluctuation and 220kV bus voltage fluctuation.
There is power and reactive power transmission, and the
transmission power presents low-frequency oscillation,
with the oscillation frequency of about 1.8Hz. It is seen
from Fig. 8 that the energy storage system can realize the
stable operation of voltage and frequency through the
coordinated control of inertia and damping.
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The simulation of load switching (50MW in 20s and
50MW in 25s) and generator off grid (in 30s, hydropower
unit is off grid, 660MW load is cut off in 30.014s). Fig. 7
shows the voltage and frequency response waveforms of
the system when the load is switched and the generator is
off grid.
From the above simulation results, it can be seen that
load switching and generator off grid will cause system
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Figure 7. The voltage and frequency waveforms of load
switching and generator off grid system are carried out.
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Figure 8. System voltage and frequency waveform when
energy storage adopts coordinated control of inertia and
damping off grid system are carried out.

Research on optimization control technology for efficient
utilization of medium voltage direct hanging energy
storage system supporting the construction of shared
energy storage power station (J2020013).

4 Conclusion
This paper has studied inertial response control
technology of high voltage direct hanging energy storage
system. It is concluded that the intervention of energy
storage system is helpful to flexibly control the inertia
level and damping capacity of power system, and
effectively restrain the weakening of frequency and
voltage stability of power system caused by natural
fluctuation and randomness of new energy.
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