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Abstract

This paper presents the way of mitigation technique for
voltage sag and swell produced by starting of NEKA
power plant's Turbo-expander. The performance of the
static synchronous compensator was investigated under
the starting of turbo-expander and various types of
fault conditions. The simulation results, performed by
PSCAD/EMTDC software, showed that the static
synchronous compensator, has a good in both starting
of Turbo-expander and fault cases. Static synchronous
compensator can mitigate any sag and swell from the
voltage of sensitive load.
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1. Introduction

The natural gas used in thermal power plants is
transferred at high pressure through pipelines.
However, due to the need of auxiliary service system
consumers to gas at low pressure, its pressure should be
lowered at the consumption point by reducing the strain
energy in the pressure reduction stations. In most of
these stations, the pressure is reduced by throttle valves
and the energy of the gas pressure (exergy) is wasted.
But, this energy can be converted into a useful energy
by a turbo-expander. The high pressure natural gas
enters the turbo-expander and comes out at reduced
pressure, which in turn puts the generator in rotation.
This technology is called pressure inversion into power
(PIP).

The privatization of power plants in Iran and plans for
higher power generation has resulted suggestion of
different solutions for efficient utilization of power
plants and reduction of energy consumption in auxiliary
service system [1]. Considering the insignificant impact
of solutions on the efficiency [1], and the high
consumption of the auxiliary service system of thermal

power plants, the application of turbo-expander at gas
pressure reduction stations of the thermal power plant is
an acceptable solution. The advantages of using this
solution are discussed in following paragraphs.

This system does not cause environmental pollution and

is considered as clean (green) industry [2, 3]. The
reduction of gas pressure by turbo-expanders and
throttle valves reduces the temperature of the output gas
[4]. But, the application of turbo-expanders results in
greater temperature drop and it can be used for cooling
down different equipments. Although this system,
compared to throttle valves, has higher investment,
operation and maintenance costs, but due to the energy
that is generated without any fuel consumption, it is
more economical and the cost of one kWh electricity by
this method is less than the cost of same amount of
energy generated by the power plant [5].

In order to supply the NEKA power plant auxiliary
service system’s energy need, a 9.8MW turbo-expander
with the equivalent capacity of the auxiliary service
system has been provided. Due to The starting current
of squirrel-cage induction generator (SCIG) that is
connected to the turbo-expander, the system needs a
63MVAR reactive power and this results in severe
voltage sag at corresponding bus and outage of
sensitive equipments [6, 7]. To remedy this problem, a
parallel  compensator like static  synchronous
compensator (STATCOM) with suitable control
strategy can be suggested. This will protect the
auxiliary service system against the voltage sag.

In this study, Since the STATCOM has many
benefits, such as quick response time and better support
of voltage instead of other shunt FACTS devices; it
was selected for this condition [7]. Compensation for
voltage sag in cases of fault occurring in the turbo-
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expander connecting to the network in three different
cases was done by STATCOM.

2. Turbo-expander model

The model of turbo-expander used in this paper is
based on [5, 9]. This model calculates the output power
of turbo-expander by using inlet and outlet gas
specifications without using any look-up tables and
thermodynamics software. As shown in [4], turbo-
expander works as the regulator valve driving the SCIG
via a mechanical shaft.
In order to overcome the fluctuations of mass flow-rate
and pressure, caused by change in ambient temperature
and gas consumption, at low values of power,
synchronous generator (due to presence of excitation
system) is used. But, in high-rate power, by using high-
inertia SCIG, fluctuations are ineffective and network
synchronization improved also it eliminates the cost of
generator excitation system [4].
Since the aim of this paper is investigating the voltage
sag associated with turbo-expander starting, the
corresponding torque produced by turbo-expander is
modelled as generating torque of SCIG.

P.R.C.| Pressure regulator
controller
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Fig. 1 Schematic representation of gas regulating station and
TE installation topology [5]

3. STATCOM compensator

The STATCOM is modeled as 6-pulse converter
containing GTO inside the voltage source converter and
a capacitor as DC source voltage connected to the
network through a 3-phase transformer.

The reactive power exchanged between the converter
and the network can improve the sensitive load voltage
against the voltage disturbances. As shown in Fig. 2 the
control system of STATCOM based on a proportional-
integral (PI) controller gets feedback of 3-phase
currents and voltages [8, 10].

LLow préssure gas

}\.R
I,s+1

STATCOM
Fig. 2 Schematic diagram of STATCOM controller

4. Simulation and comparison results

To verify the feasibility of the STATCOM,
PSCAD/EMTDC simulation has been performed for
three follow the cases.

a. Compensating in case of 3-phase to ground fault
presence in the network and the absence of turbo-
expander.

b. Compensating in case of fault absence and presence
of turbo-expander.

c. Compensating in case of 3-phase to ground fault and
turbo-expander.

Fault start at t =1s with 0.75s duration. Where the
schematic diagram of the implemented system was
shown in Fig. 2. Also the parameters of turbo-expander
are mentioned in table 1.

Table 1 Turbo-expander

RMS Phase voltage V=11.545 kV
RMS Phase current 1=0.02804 A
Base angular frequency ®=314 rad/s
Power factor 0.85
Efficiency 0.98
Number of poles 4
Inertia J 10 kg.m?
Mechanical damping 0.008 P.U

4.1. STATCOM results

STATCOM as a shunt facts device for determining
the compensating capability for sensitive load voltage
are testing. In figures below 3 cases above in real
network and the presence of STATCOM are tested and
STATCOM information is as follows in table 2.

Table 2 STATCOM information

Storage C=100pF,B=67.5 (1/QQ)
Bus voltage V=25kv
PLL Gp=50,G;=50,V=100v
Ron=0.005Q,Rs=1e8Q
GTO on s INoff
Rsnuber:5Ooogacsnuber:O-OSHf
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Fig. 3 Sensitive load voltage in presence of STATCOM

Table 2 STATCOM information

Storage C=100uF,B=67.5 (1/Q)
Bus voltage V=25kv
PLL G,=50,G;=50,V=100v
GTO Rori=0.005Q,Ro=1¢8Q
Risnuber=5000Q, Cypype;=0.05uf
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Fig. 5 Sensitive load voltage with STATCOM compensator
a) Compensating in case of 3-phase to ground fault presence in the network and the absence of turbo-expander
b) Compensating in case of fault absence and presence of turbo-expander

¢) Compensating in case of 3-phase to ground fault and turbo-expander
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4.2 Comparison Results

From the simulation results above we can see that
the sensitive load voltage with STATCOM and
mentioned information in table 2 can be compensated
immediately, remove any sag and swell from the
voltage profile as shown in Fig. 5 and improve
network power quality. STATCOM injection
apparent power for sag correction STATCOM can
remove deep sag for both sides without injecting
active power to the network. STATCOM does not
need an external DC power supply for inverter DC
bus voltage.

5. Conclusion

In this study by using the STATCOM, According to
installed system in NEKA power plant we can protect
sensitive load voltage and remove any sag and swell,
at the starting moment of Turbo-expander and fault
condition. Because of fast and accurate performance
of STATCOM according to Fig. 5 any sag and swell
at PCC which causes serious damage to sensitive
loads was resolved by STATCOM. The overall
results show that STATCOM is ideally appropriate
compensator for this problem.

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181
Vol. 2 Issue 10, October - 2013

References

[1] Miragha, A.H., Barati, R., Gharehpetian, G.B.:
‘Optimal Tap Setting and VAR Compensation Effect on
Energy Consumption of Electrical' Auxiliary System of
Steam Power Plants’, TENCON. IEEE Region 10 Conf.,
2002, 3, pp. 1791-1796.

[2] Daneshi, H., Khorashadi Zade, H., Lotfjou Choobari,
A.: ‘Turbo-expander as a distributed generators’, PES.
IEEE Power and Energy Society General Meeting -
Conversion and Delivery of Electrical Energy in the 21st
Century., 2008, pp. 1-7.

[3] Jaroslav, P.: ‘Use of expansion turbines in natural gas
pressure reduction stations’, Acta Montanistica Slovakia.,
2004, 9, (3), pp. 258-260.

[4] Babaaei Turkemani, M., Rastegar, H.. ‘Modular
modeling of turbo-expander driven generators for power
system studies’, IEEJ Trans. Electrical and electronic
engineering., 2009, 4, pp. 645-653.

[5] Taleshian, M., Rastegar, H., Askarian Abyaneh, H.:
‘Modeling and Power Quality Improvement of Grid
Connected Induction Generators Driven by Turbo-
Expanders’, International Journal of Energy Engineering.,
2012, 2, (4)., pp. 131-137.

[6] McGranaghan, M.F., Mueller, D.R., Samotyj, M.J.:
‘Voltage sags in industrial systems’, IEEE Trans. Ind.
Appl., 1993, 29, (2), pp. 397-403.

[7] Sannino, A., Miller, M.G., Bollen, M.H.J.: ‘Overview of
voltage sag mitigation’, |IEEE Power Engineering Society
Winter Meeting., 2000, 4., PP. 2872-2878.

[8] Chong, H., Huang, A.Q., Baran, M.E., Bhattacharya, S.,
Litzenberger, W., Anderson, L., Johnson, A.L., Edris, A.A.:
‘STATCOM impact study on the integration of a large wind
farm into a weak loop power system’, IEEE Trans. Energy
Convers., 2008, 23, (1), pp. 226-233.
[9]http://mww.AtlasCopco.com-ETGseries,turbo-expande
bulletins.

[10] Zenggiang, M., Yingjin, C., Liging, L., and Yang, Y.:
‘Dynamic performance improvement of wind farm with
doubly fed induction generators using STATCOM’,
POWERCON. IEEE International Power  System
Technology Conf., 2010, pp. 1-6.

www.ijert.org

1725



