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Abstract. In order to avoid certain types of voltage sags, this paper proposed an optimal method to
allocate D-STATCOM capacity, which is based on Investment Decision Theory and a 10kV
distribution line equivalent model. In addition, the Investment Decision Theory was presented in this
paper, in order to establish a D-STATCOM optimal allocation model with the investment payback
period as main index. Some optimization suggestions were raised at the end of this paper, considering
the historical data of voltage sags and low voltage release allocation. Finally, the effectiveness of the
method is demonstrated by the simulation on a 10kV distribution feeder in Shenzhen, Guangdong
Province, China.
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1. Introduction

A large area of low voltage trip in the city caused by low voltage sags, which leads to sudden loss
of the load, is becoming a huge threat to the reliability of power grid operation. There is no doubt that
voltage sags have been a top issue affects the power quality [1].

STATCOM has obvious advantages in the cost, complexity of control and function, is more
applicable to the larger capacity user, and has thus become the main means and measures to solve the
voltage sag and voltage instability [2]. A lot of researches have been made on the simulation and
analysis of the practical result in using D-STATCOM to suppress voltage sag.

Subject to the price, it is often necessary to study the method of D-STATCOM optimal
configuration in engineering applications [3, 4]. Researchers abroad use a variety of algorithms to
determine the optimal location and capacity of STATCOM in the system [5, 6]. Since the above
methods do not fully consider the actual setting value of the users’ under voltage tripping device and
the actual voltage sag in distribution network, the Cost estimation of voltage sags shall have very big
difference with the actual conditions and cannot meet the requirements of the project. As the power
quality monitor is widely used, it is more feasible to collect the voltage sag data in the distribution
network, which allows us to configurate D-STATCOM better.

In order to give the consideration to the voltage sag compensating capability and economy of the
distribution network, this paper established a D-STATCOM optimal allocation model with the
investment payback period as main index based on Investment Decision Theory, and demonstrated
the effectiveness of the method by the simulation on a 10kV distribution feeder in Shenzhen,
Guangdong Province, China.

2. 10kV distribution line equivalent model

After choosing a 10kV feeder and dealing with the rest of the grid equivalently, the 10kV
distribution line equivalent model is established as shown in Fig 1. VSH refers to power supply
voltage; VH is voltage amplitude in distributing side; XSH refers to the system equivalent reactance;
PL+jQL and PH+jQH is load apparent power and system apparent power, respectively. Besides, all of
loads are equipped with circuit breaker with the function of low-voltage tripping. D-STATCOM s
connected to 10kV bus, using the rated voltage control method.
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Fig. 1 10kV distribution line equivalent model

All of the load parameters and the setting value of low-voltage tripping are set according to users’
information. The voltage sags caused by the external fault are simulated by setting different fault in
the generator bus.

In the most extreme case of one kind of the voltage sags, D-STATCOM allocation capacity
increases constantly until there are no load losses caused by low voltage leakages so that the allocation
capacity will be determined in order to suppress appropriate kind of voltage sags. However, the
allocation capacity determined by above mean may be large, which is necessary to come up with an
optimal model.

3. D-STATCOM Optimal Allocation model Based On Investment Decision Theory

Reference [6] optimized D-STATCOM allocation capacity by minimizing the sum of the
economic loss caused by the voltage sags and the cost of D-STATCOM. The total cost is continuously
reduced in the optimization used firefly algorithm. By contrast, Investment Decision Theory lays
more stress on the transfer rate of funds and the effect of investment. According to this theory, this
paper establish a D-STATCOM optimal allocation model with the investment payback period as main
index.

The initial investment of D-STATCOM is defined as follows:

Co =20 (1)

Where the unit price of D-STATCOM is 6 RMB¥Mvar (including equipment cost and installation
cost); Qci represents the capacity of D-STATCOM i.
The annual maintenance cost of D-STATCOM is defined as follows:

C,=aC, = azi: 0Qq; @)

Normally, the annual maintenance cost equals the initial investment multiplied times a coefficient
a, which is 0~10%.
The outage loss that can be reduced every year after allocating D-STATCOM is defined as follows:

C = Zk: P fid (3)

Where it represents the voltage sags can be ruduce fx times per year after installing D-STATCOM.
k represents different types of voltage sags, and the corresponding amount of load shedding is Pk
MW. The economic loss of load shedding is | RMB¥MW.

Assume the economic loss of nonconforming products caused by voltage sags can be reduced S
RMB¥ and the service life of D-STATCOM is T years. The investment is worthy when the reduced
loss is bigger than the initial investment and maintance cost of D-STATCOM during its service life.

T(C, +8)=C,+TC, (4)

Plus into relevant parameters and the following equations can be written, where P is the
investment payback period.
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4. Survey on voltage sags and low voltage leakage in Shenzhen

An annual statistics of voltage sags in a 10kV distribution line of Shenzheng is shown in Fig. 2.
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Fig. 2 Annual statistics of voltage sags
The parameters of voltage sags and low voltage leakages are descriped as shown in Table 1 and
Table 2.
Table 1 Duration and amplitude of voltage sags

Duration(ms) Times Percentage(%)  Amplitude( p.u.) Times Percentage(%)
<20 4 7 0.8~0.9 40 53
20~40 12 21 0.7~0.8 20 26
40~80 29 51 0.6~0.7 6 8
80~120 4 7 0.3~0.6 4 5
>120 8 14 <0.3 6 8
Table 2 Delay and operation value of low voltage leakages
Operation
alue(p.u) <0.4 0.4~0.5 0.5~0.6 0.6~0.7 0.7~1 Sum
Delay(ms)
<20 0.0 0.0 0.0 0.0 0.0 0.0
20~40 0.0 15.4 23.1 0.0 0.0 38.5
40~60 0.0 30.8 7.7 7.7 0.0 46.2
60~70 0.0 7.7 0.0 0.0 0.0 7.7
>70 0.0 7.7 0.0 0.0 0.0 7.7
Sum 0.0 61.5 30.8 7.7 0.0 100.0

5. Simulation

Based on the 10kV distribution line equivalent model, it is simulated using the BPA software,
where Load 1~6 are 0.3MW, 0.8 MW, 0.1 MW, 0.8 MW, 0.2 MW, 0.8MW, respectively. And the
load power factors are similarly set up to 0.9. According to the survey above, the parameters are set as
shown in Table 3.

Table 3 Parameters of the loads and low voltage leakages

Load number  Load capacity(MW) Capacity proportion \2?5;?;'_33 Delay(cycle)
1 0.3 10% 0.7 3
2~3 0.9 30% 0.6 3
4~6 1.8 60% 0.5 3

By setting different short-circuit faults in the generator bus, various kinds of voltage sags can be
simulated as shown in Table 4.
Table 4 Parameters of the voltage sags

Number  Type of voltage sags Probability Amplitude in extreme case(p.u.) Duration(cycle)
Fault 1 Amplitude>0.7p.u. 79% 0.7 5
Fault 2 Amplitude>0.6p.u. 87% 0.6 5
Fault 3 Amplitude>0.3p.u. 92% 0.3 5
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In order to determine the allocation capacity needed to suppress appropriate kind of voltage sags,
the capacity of D-STATCOM increases slowly from 0 in the process of simulation, until there are no
protection actions.

According to the existing survey, & is 500,000RMB¥Mvar; o is 0.1. Besides, it will take this
factory 4h to restart their production lines after an electricity failure accident, and the loss is
136,000RMB¥MW as it is shown in [7], where | is 136,000RMB¥MW. The loss of nonconforming
product caused by voltage sags is ignored in the calculation process, where f is 0. Then put them into
(5) and the calculation results are shown as shown in Table 5.

Table 5 Results of calculation and simulation

Number Ngeded Load shedding situation Investrr_lent payback
capacity(Mvar) period(year)

Fault 1 0.7 0.3MW for 3 times 4.0

Fault 2 3.3 1.2MW for 2 times, 0.3MW for 7 times 3.7

Fault 3 115 3MW for 2 times, l.ZI\/L\i/r\T/]ZSr 4 times, 0.3MW for 7 49

Assume the operation value of Load 1 is 0.6p.u. , calculate and simulate again. We can get the
results as shown in Table 6.
Table 6 Results after optimizing the parameters of low voltage leakages

Number Nt_aeded Load shedding situation Investn_1ent payback
capacity(Mvar) period(year)

Fault 1 0 0 0

Fault 2 0.3 1.2MW for 2 times 0.5

Fault 3 10.5 3MW for 2 times, 1.2MW for 4 times 5.6

6. Summary

From the results of the simulation and economic analysis, we cannot expect that D-STATCOM can
suppress all kinds of voltage sags, which is unreasonable in technology and economy. According to
the parameters of low voltage leakages, it is more reasonable to avoid power failure by optimizing the
parameters when users demand low power quality. D-STATCOM of a certain capacity is necessary to
suppress most of voltage sags when users demand high power quality.
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