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Abstract

UHVDC has been rapidly developed for its large conveying capacity, small net loss and easy
power control, which can solve the problem of the uneven distribution of load and energy with great
economy. However, with DC transmission access, the power system must have a strong ability of reactive
power support to cope with the possibility of transient voltage problem. At the same time, regional power
oscillation issue also can’t be ignored. Considering that the STATCOM device, as a type of parallel
FACTS, can only provide dynamic reactive power to support the system voltage and cannot undertake
active regulation and control to damp system power oscillation problem, STATCOM with energy storage is
presented in this paper to solve both problem of transient voltage and power oscillation in AC-DC hybrid
system. In view of the central China province power grid planning, possible serious faults of the system
were analyzed. The simulation results show that STATCOM with energy storage cannot only effectively
support the system transient voltage and promote voltage of dc inverter station to avoid DC block caused
by commutation failure, but also can significantly enhance the system damping and restrain regional power
oscillation in case of system failure.
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1. Introduction

With the construction of UHVDC project, many areas have formed AC-DC hybrid
transmission structure [1-2]. Regional interconnection of power grid can enhance economic
operation, but it is easy to form weak links between groups of tightly coupled generations. On
the other hand, quick response excitation system has been widely used in order to improve the
transient stability of power grid. These factors will lead to insufficient damping of the
interconnected system and increase the risk of regional power oscillation [3-4]. At the same
time, Access of DC transmission put forward higher requirements in voltage supporting ability to
the AC system. When there is an AC system fault, if not cleared immediately, it will make the
DC converter voltage constantly low and cause a long time of commutation failure, which may
cause DC block, thus affecting the stability of the interconnected system [5]. According to the
plan, China H province gradually form AC-DC hybrid power grid. Through the simulation,
voltage stability and low-frequency oscillations will be the severe problems that impact security
operation of receiver grid in the AC-DC hybrid system.

With the development of AC-DC hybrid system, how to ensure safe and stable
operation of the power grid has caused widespread concern of scholars both at home and
abroad [6-7]. FACTS devices presented an effective method with new control technology to
achieve this goal. Paper [8] verified that with the same capacity, the effect of STATCOM is
better than SVC in maintaining node voltage, improving transient stability and enhancing system
damping. Paper [9-10] studied the influence of STATCOM on single and double infeed HVDC
system operation characteristics through modeling and simulation. Paper [11] and [12] analyzed
the interaction between the FACTS devices and HVDC systems, and presented the way of
FACTS configuration to improve static voltage stability level of AC-DC hybrid system. Paper [13]
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studied the FACTS devices function to the promotion of system transient stability from two
aspects: transmission capacity and level of voltage recovery after faults. However, the ability of
FACTS for power oscillation damping is limited because it can’t conduct active power control.
Combining energy storage and FACTS can realize those two functions. Paper [14] built a
simulation model for the parallel FACTS with energy storage, and proved that it can suppress
the swing of generator angle and improve the stability of power system. While the role of this
device in improving voltage transient stability of AC system near inverter side and damping
power oscillation remains to be further argument in the AC-DC hybrid system.

This article in view of potential stability problems in the planning AC-DC hybrid system
of central China province, STATCOM with energy storage was studied to enhance the stability.
The paper is organized as follows. In section 2, the instability of AC-DC system is described. In
section 3 and 4, control principle and modeling of statcom with energy storage are presented.
Section 5 gives the divice function through simulation. Section 6 concludes this paper.

2. The Instability of AC-DC System

According to the plan, China will gradually form AC-DC hybrid power grid [15]. Through
the simulation of central China H province planning grid, voltage stability and low-frequency
oscillations were the severe problems that impact security operation of receiver grid in the AC-
DC hybrid system.

As shown in Figure 1, there are five UHVAC line and one parallel UHVDC line in the
transmission section after UHVDC line EG accessed to H provinces. The transmission power of
UHVAC lines is 10000 MW and UHVDC transmission capacity is 5000MW.

“._H Province..-"

Figure 1. Diagram of H province with UHVDC and UHVAC connection

500kV M station near the UHVDC inverter is found to be the weakness point of H
province power grid through to N-1 and N-2 fault scan. There are two lines between M and N
station using the same tower. When the most severe three-phase permanent short-circuit fault
occurs, those two lines will be removed from the system. M station voltage and UHVAC link
power are shown in Figure 2 and Figure 3.
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Figure 2. M station Voltage after the fault Figure 3. Active power of DG after the fault
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Voltage instability phenomenon occurs in M site and the voltage only restores to about
0.8pu after the fault cleared. At the same time, fault of M-N line inspires a long time power
oscillation in UHVAC transmission line, with frequency of 0.5Hz, damping ratio of 3.23% and
maximum oscillation amplitude of 336MW.

Here are the reasons why voltage instability occurs in M station. DC inverter station
consumes a lot of reactive power during normal operation, reaching about 40% of the rated DC
transmission capacity. When the receiver system line M-N fault is cleared, the inverter station
requires a sharp increase in reactive power in the recovery process (about 1.5 times of the
normal requirement), but at the same time, the voltage of the inverter station is not fully
recovered, and only about 90 percent of reactive power is provided by shunt capacitors, as
shown in Figure 4 and Figure 5. Thus, there appears severe reactive power deficiency near
UHVDC inverter station, which further exacerbates the fault, and transient voltage instability
occurs in receiver system.
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Figure 4. Reactive power required by the Figure 5. Reactive power provided by parallel

inverter station capacitor group in DC inverter station

3. Control Principle of STATCOM with Energy Storage

The commonly used methods to improve the system stability are installation of parallel
capacitor or reactor, PSS and STATCOM][16], their function comparisons shown in Table 1.
Table 1 shows that parallel capacitor or reactor and STATCOM devices can enhance the
voltage stability but their effects in power oscillation suppression are not obvious; PSS can
damp power oscillation, but need to consider coordination control between numerous units and
not apply to all oscillator modes. STATCOM with energy storage have independent control of
active and reactive power, which can play a role in improving the AC-DC hybrid system
transient voltage stability and power oscillation damping at the same time.

Table 1. The comparison table of commonly used devices to enhance system stability

Methods Effect of improving voltage stability Power oscillation damping
Parallel capacitor or reactor modest none
STATCOM good poor

a certain range of oscillation frequency,

PSS none but not apply to all oscillation modes

STATCOM with energy storage can provide or absorb power from the system, using
electronics or other type controllers to independently adjust active and reactive power. These
energy storage devices include battery, flywheel, superconducting magnetic energy storage,
power storage capacitor and power springs, etc., [17].

By controlling power electronic converters, STATCOM with energy storage have active
and reactive power four-quadrant quick adjustment ability to achieve the goal of improving
power system stability. The controller includes two parts-outer loop loop controller( also called
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power system stable controller) and inner loop controller( also called power regulator). Outer
loop controller is the master controller device, which can send active and reactive power
reference value to the inner loop controller according to the system demand; inner loop
controller will calculate magnitude and phase of converter output voltage according to the outer
controller reference value, and then generate switch trigger signals for converts. Therefore, it
can conduct active and reactive power quadrant adjustment in real time through a closed loop
feedback control by measuring the voltage, current or other power system parameters [18].
Control structure of STATCOM with energy storage is shown in Figure 6.
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Figure 6. Control of STATCOM with energy storage

4. Modeling of STATCOM with Energy Storage

Power system stability controller usually adopts Pl closed loop control. The system
frequency is mainly related to active power, and the voltage is mainly related to reactive power.
Therefore, active and reactive power reference values can be respectively calculated according
to the deviation of frequency and voltage signal. Its structure is shown in Figure 7.
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Figure 7. Power system stability controller of STATCOM with energy storage

The power regulator can be described by using first-order inertia model [19]:

. 1 1
P=-—P+=P
T T (1)
. 1 1
= — — + —
Q TQ TQset

Where, T is the time constant, usually range from 0.02s to 0.05s. P, Q is the output
active and reactive power of inner controller. Pset, Qset is output reference value of the outer
loop controller.

Transient simulation process of STATCOM with energy storage is shown in Figure 8.
Modelling of the device is given in Figure 9.
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STATCOM with energy storage
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Figure 9. Transient model of STATCOM with energy storage

5. The Simulation of AC-DC Hybrid System Stability

Build the model of STATCOM with energy storage and connect it to the 220kV bus of
weak station (M site) in H province power grid. M station has two three-phase transformers with
rated power of 1000MW. The device storage capacity is set to 3000MJ, and the capacity of
power electronic converters is 600MVA, accounting for 30% of the transformer capacity. When
DC or receiver AC system failure occurs, the simulation results were observed and recorded
under several different devices installed near DC inverter station.

Mark the scene of none device installation for CASE1, and the scene of installation with
STATCOM for CASE2 and STATCOM with energy storage for CASE3. Main generators that
participate in the regional oscillation of AC-DC interconnected system are equipped with the
power system stabilizer(PSS).

5.1. DC Fault Simulation

DC line fault occurs at 1s, and DC line will be lockout at 1.1s. The voltage of main site in
H province is given in Figure 10 and the UHVAC line power oscillation is shown Figure 11. From
Figure 10, we can see that after the HVDC line bipolar blocking, the system have large power
shortage, and the voltage of UHVAC lines and receiver system remains low in CASE1. CASE2
and CASE3 show that after installing STATCOM or STATCOM with energy storage, main sites
voltage of H province is improved in DC bipolar blocking conditions. In CASES, voltage
promotion of UHVDC line 1000kV access site reaches 6.23% and 500kV access site reaches
8.52%. Its voltage supporting effect is better than the CASE2( respectively 5.16% and 7.36%),
this is because STATCOM with energy storage can provide active and reactive power required
by the system. The balance of active power will indirectly affect the system voltage.

Figure 11 shows that when the DC fault occurs, power is transferred to UHVAC lines,
causing a long time of power oscillation, whose maximum amplitude is in CASE1 of 233MW and
damping ratio is 6.35%. CASE2 shows that power oscillation suppression of STATOM is not
obvious with the maximum power oscillation amplitude of 230MW and damping ratio slightly
improved to 6.40%. CASE3 shows that the installation of STATCOM with energy storage can
significantly improve system damping to 8.78% and reduce maximum power oscillation
amplitude to 132MW, while support system voltage at the same time.

Using STATCOM with Energy Storage to Enhance AC-DC System Stability (ZHENG Xu)
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5.2. AC Fault Simulation

From the above analysis we know that 500kV M station and M-N line is the weak link of
H province. Set M-N line N-2 fault as follows: one single line three-phase short circuit fault
occurs at 1s and then two lines are cut out at 1.1s. The voltage fluctuations after the failure are
shown in Figure 12, and UHVAC line power oscillation is shown in Figure 13.
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Figure 12. Main bus voltage of H province as three permanent fault occurred in M-N line
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Seen from Figure 12, CASEL1 is the most serious condition at voltage dip, with M station
voltage only recovered to 0.8 p.u. after the fault cleared. CASE2 and CASE3 show that after
mounting STATCOM or STATCOM with energy storage, M station voltage can be recovered to
normal value after failure. The placement of those devices plays an important role in supporting
DC inverter voltage and improving the running stability of the DC system.
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Figure 13. Power oscillation of UHVAC line as the three permanent fault occurred in M-N line

The maximum power oscillation amplitude in CASEL1 is 336MW and the damping ratio is
3.23% (weak damp status), as shown in Figure 13. And in CASE2 they are 330MW and 3.28%,
indicating that STATCOM is ineffective in power oscillation suppression. However, in CASES,
the installation of STATCOM with energy storage can obviously suppress UHVAC lines power
oscillation, with damping ratio increased to 9.87%.

6. Conclusion

This paper proposes the method of using STATCOM with energy storage to solve the
voltage stability and regional power oscillation problems caused by the system faults. Its
modelling is presented. And its function is analyzed under the conditions of UHVDC blocking
fault and receiver AC system three-phase circuit short through simulation. The results show that
STATCOM with energy storage can enhance the DC hybrid system transient voltage stability
and effectively suppress UHVAC lines power oscillation, which has a significant role in realizing
multi-objective stability control and improving operation security in AC-DC hybrid system.
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