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Improvement of energy quality through the application of BtB 
STATCOM in a power system 

 
 

Abstract. Currently and in the last few years, the subject of integrating FACTS in a power system will have more importance within industrial 
scientific research. This is mainly due to the liberalization of the electricity sector and the development of power electronics. Very often, the quality of 
electrical transmission is restricted by constraints of voltage setting and the maximum transmissible power of the lines. These constraints can be 
overcome by the creation of new lines. However, creating new lines is not always possible for various reasons. The implementation of FACTS 
devices and more particularly of the BtB STATCOM system constitute an alternative to the creation of new lines. It can lead to the strengthening of 
the power system and the improvement of the energy quality. It is this solution that we have examined in this work which shows that the BtB 
STATCOM device improves, in steady state conditions, the performances of a power system such as the reduction of voltage drops and power 
losses in the electrical transmission lines. 
 
Streszczenie. Obecnie iw ostatnich latach temat integracji FACTS w systemie elektroenergetycznym będzie miał coraz większe znaczenie w 
przemysłowych badaniach naukowych. Wynika to głównie z liberalizacji sektora elektroenergetycznego i rozwoju energoelektroniki. Bardzo często 
jakość przesyłu energii elektrycznej jest ograniczona ograniczeniami nastawy napięcia i maksymalnej dopuszczalnej mocy linii. Te ograniczenia 
można przezwyciężyć, tworząc nowe linie. Jednak tworzenie nowych linii nie zawsze jest możliwe z różnych powodów. Wdrożenie urządzeń FACTS, 
aw szczególności systemu BtB STATCOM, stanowi alternatywę dla tworzenia nowych linii. Może prowadzić do wzmocnienia systemu 
elektroenergetycznego i poprawy jakości energii. Właśnie to rozwiązanie, które zbadaliśmy w niniejszej pracy, pokazuje, że urządzenie BtB 
STATCOM poprawia w warunkach stanu ustalonego działanie systemu elektroenergetycznego, takie jak redukcja spadków napięć i strat mocy w 
liniach elektroenergetycznych. (Poprawa jakości energii poprzez zastosowanie BtB STATCOM w systemie elektroenergetycznym) 
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Introduction 

Independent of the structure of a power system, the 
power flows throughout the electrical network are largely 
distributed as a function of transmission line impedance, 
then a transmission line with low impedance enables larger 
power flows through it than does a transmission line with 
high impedance. The problems of network operation are as 
many as they are varied. Both large and small power 
disturbances can cause power system instability. Failure to 
control power flows can lead to high power losses in 
transmission lines and violation of limit voltage constraints. 
If no solution is found to these problems, a risk of tripping 
the cascade network exists and can lead to a black out [1, 
2, 3].  

Conventional network control means such as adjustable 
transformers, additional capacitors and inductors, etc. 
sometimes turn out to be too slow and insufficient to 
respond effectively to power disturbances. This constraint 
can be overcome by the use of devices based on power 
electronics. They are faster regulation devices. FACTS 
(Flexible Alternative Current Transmission Systems) 
devices are part of these tools. The FACTS concept brings 
together all the power electronics-based devices that 
improve the operation of the electrical network. With their 
ability to modify the apparent characteristics of the lines, the 
FACTS are able to increase the capacity of the network as 
a whole by controlling the transits of both active and 
reactive power [4, 5].  

Depending on the connection of FACTS to the electrical 
networks, the FACTS can be classified in three types : the 
series type such as Static Synchronous Series 
Compensator (SSSC) and Thyristor Controlled Series 
Capacitor (TCSC), the parallel type such as Static 
Synchronous Compensator (STATCOM) and Static Var 
Compensator (SVC), the hybrid type such as Unified Power 
Flow Controller (UPFC).  

We are interested, in this work, in a parallel type of 
FACTS called Back-to-Back STATCOM (BtB STATCOM) 
and its action on a power system [1, 6, 7]. The BtB 

STATCOM is composed of a rectifier station and an inverter 
station which are joined back-to-back. The converters can 
use either conventional thyristors or the new generation of 
semiconductor devices such as gate turn-off thyristors 
(GTOs) or insulated gate bipolar transistors (IGBTs) [3, 8, 
9]. The main aim of this paper is to analyze the impact of a 
BtB STATCOM on a power system. 

 
Structure and Modeling of BtB STATCOM 

The simplest BtB STATCOM consist of two back-to-
back DC-to-AC converters (the one as rectifier and the 
other as inverter), which are connected as shown in figure 
1.The transmission regions i and j are connected  through 
parallel coupling transformers T and the BtB STATCOM.  
The dc terminals of the converters are connected together 
via a common dc link.  

With this BtB STATCOM, in addition to providing shunt 
reactive compensation and active power regulation, any 
converter can be controlled to supply real power to the 
common dc link from its own transmission line [1, 10]. 

 
 
 
 
 
 
 
 
 
Fig.1. Configuration of  BtB STATCOM 

 

 
 
Fig. 2. Equivalent circuit of BtB STATCOM [11, 12] 
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The equivalent circuit of the BtB STATCOM is shown in 
figure 2. 

The inverter and rectifier converter are represented by 
voltage sources Vsh1 and Vsh2 respectively. The shunt 
impedance is modeled by: Zshi=rshi+jLshiω    (i=1 or 2).  

By performing Park transformation, the AC current 
transmission can be described by the following equations. 
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(ish  = ish1  and V = Vi) for rectifier,  (ish  = ish2  and V = Vj ) 
for inverter. 
 
BtB STATCOM regulation 

Decoupled control system has been employed to 
achieve simultaneous control of the inverter bus voltage 
and the DC link capacitor voltage in the 1st region. The 
rectifier converter of the BtB STATCOM provides 
simultaneous control of real power and AC voltage (or 
reactive power) in the 2nd region.  

The power flow control is then achieved by using 
properly designed controllers to force the line currents to 
follow their references. It is desired to obtain a fast 
response with minimal interaction between the real and 
reactive power together with a strong damping of the 
resonance frequency. according to equations (1) and (2), 
the interaction between the current loops is caused by the 
ωLsh coupling term. Decoupling is achieved by feeding 
back this term and subtracting [13, 14, 15]. 

The figure 3 shows the diagram of this decoupling 
system.  

 
Fig. 3. PI decoupling system 

 
The principle of this control strategy is to convert the 

measured three phase currents and voltages into d-q 

values and then to calculate the current references and 
measured voltages. Taking into account equations (4) and 
(5), we obtain below the equations (6) and (7). The 
superscript defines the reference quantities. 
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The network equation is given by: 
 

(8)                                
CS

P
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dc 
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The figure 4 shows the model control. 
 

 

Fig. 4. PI Control for dc voltage 
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The global diagram of control circuits for BtB STATCOM 

is given in the figure 5. 

 
(a) Control circuit of rectifier converter 
 

 
(b) Control circuit of inverter 
 
Fig. 5. Block diagram control of BtB STATCOM 
 
Presentation of the power system test  

The power system test of the figure 6 is a Single 
Machine Infinite Bus (SMIB). It is made of a generator 
connected to an electrical network through a transformer T. 
The data of the system is given in the Appendix.  
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Fig. 6. Power system test 
 
Insertion of STATCOM on the power system 

The BtB STATCOM is installed on line 2-3 (side of bus 
2) as shown in the figure 7 to force the power flow in the 
desired direction. 

 

Fig. 7. Configuration of the power system equipped with a BtB 
STATCOM 

 
We examine the effect of BtB STATCOM on the power 

system in the steady state condition in order to assess its 
performance. The power system’s behavior is also studied 
when the generator is equipped of the conventional 
regulator. We study the influence of changing BtB 
STATCOM setpoints on the electrical and dynamic 
characteristics of the power system stability electrical in 
small disturbance condition. 

The static behavior of the power system is examined in 
the absence and in the presence of BtB STATCOM. The 
maximum admissible power transit for each line Pmax is 
300 MW. We give in all simulation scenarios: 
- For load C1: Active power =1000 MW and reactive power 
= 0MVAR, 
- For load C2: Active power = variable value and reactive 
power = 0MVAR. 

 
Power system simulation without BtB statcom 

The following figure 8 shows the initial state of network 
voltages and load flows. For this configuration, the active 
power losses are equal to 2.3MW. We remark a non-
uniform distribution of energy on the transmission lines: 
weak power flow on the lines 2-3 and 2-4, but the line 3-4 is 
more loaded. 

The results shown in the figure 9 below are obtained for 
load C2=500MW. The figure 9 shows that there is an 
imbalance in the power flow and an increase in active 
power losses which reach 6.35MW. The power flow of the 
line 3-4 reachs 379.2MW which is greater than the 
maximum admissible power transit 300MW. Then the line 3-
4 is overloaded. 

 

Fig. 8. Power flow test (Active power of load C2 = 300MW) 
 

 
Fig. 9. Power flow test (Active power of load C2 = 500MW) 
 
Power system simulation with BtB STATCOM 

The BtB STATCOM is installed in the power system as 
shown in the figures 10, 11 and 12. The voltage references 
and the voltage of dc link are:  
V1ref = 1 pu = 230kV, 
V2ref = 1pu = 230 kV, 
Udc =  1 pu = 82kV.  

Figure 10 shows the static behavior of the network 
under the following conditions: Load C2 = 300MW and 
PBtBSTATCOM=0MW. Note the active power transit on line 2-3 
respects the order of the command P23 = P1ref = 0MW. 

Consequently the load flow of line 2-4 decreases from 
63,29MW to 3,122MW. Likewise, the two voltages in the 
two alternating sides of BtB STATCOM respect the voltage 
commands V1 = Vref1 = 1pu and V2 = Vref2 = 1pu.  So, the 
STATCOM system is a capable controller to modify the 
transit of electrical power: Charging or discharging power 
lines. 

Figure 11 shows the static behavior of the network 
under the following conditions: Load C2 = 300MW and 
PBtBSTATCOM=200MW. We note that the active power 
transmitted through line 2-3 always follows the setpoint 
P32=PBtBSTATCOM = 200MW, even for voltage references 
V1=Vref1=1pu and V2=Vref2=1pu. We also note an 
acceptable balance in the power flow that explains the 
beneficial effect of STATCOM in controlling power system. 
BtB STATCOM injects reactive powers into the two 
alternating sides to ensure the regulation of voltages V1 and 
V2. 
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Fig. 10. Power flow test for: Active power of load C2=300MW and 
PBtBSTATCOM=0MW 

 
Fig. 11. Power flow test for: Active power of load C2=300MW and 
PBtBSTATCOM=200MW 
 

 

 
Fig. 12. Power flow test for: Active power of load C2=500MW and 
PBtBSTATCOM=200MW 
 

Figure 12 shows the static behavior of the network 
under the following conditions : Load C2 = 500MW and 
PBtBSTATCOM=200MW.  

It can be seen that all the characteristics controlled by 
BtB STATCOM (V1, V2, P23) respect the command (Fig. 12). 
By comparing figures 12 and 9, we find the major capacity 
of BtB STATCOM to ensure the protection of power lines 
against overloads: 

- Improvement of power transit in the 3 power transmission 
lines, 
- Make the power P34 to a value (284,5MW) inferior than 
300 MW (Pmax), 
- Voltage regulation by reactive injection to the electricity 
network. 
 
Power system characteristics with BtB STATCOM 

The figures 13 to 17 show the behavior of the 
characteristics of the generator (rotor speed, load angle, 
electrical power responses and voltage generator) when the 
system is equipped with classical regulation and BtB 
STATCOM.  
 

The parameters conditions are: 
V1ref = 1 pu, V2ref = 1pu 
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In the following figures, the red curve is for the reference 
and the blue curve is for the response. We observe 
maintaining stability and synchronism of the power system 
after each variation of the reference Psh1ref with slight 
transient disturbances. 
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Fig. 13. Speed variation of generator (pu) 
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Fig. 14. Load angle variation of generator (pu) 
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Fig. 15. Active power variation of generator (pu) 
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Fig. 16. Voltage variation of generator (pu) 
 
BtB STATCOM control characteristics 

The figures 17, 18 and 19 show the behaviors of active 
power, the alternating voltage magnitude and the reactive 
power on the inverter side.  The characteristics behaviors 
attest to the good performance of the used configuration of 
the inverter. Indeed, each response follows the order with 
slight disturbances at each variation of the setpoint. The 
progressive variation of the active power makes it possible 
to avoid dangerous transient peaks. 
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Fig. 18. Voltage variation in the AC bus of inverter (pu) 

 

2 4 6 8 10 12 14
-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

Time (sec)

R
ea

ct
iv

e 
p
ow

er
 v

ar
ia

ti
on

 o
f 
in

ve
rt

er
 (
p
u
) 

 

 

Reference
Response

 
Fig. 19. Reactive power variation of inverter (pu) 

 

The figures 20, 21, 22 and 23 show the behaviors of the 
dc bus voltage, the AC voltage magnitude, the reactive 
power and the active power on the rectifier side. We can 
note also the good performance of the used configuration of 
the rectifier. Each characteristic response respects the 
order of the command with slight disturbances at each 
variation of the setpoint. The variation of the active power of 
the rectifier is confused with the active power of the inverter.  

0 2 4 6 8 10 12 14
0

0.5

1

1.5

Time (sec)

V
ol

ta
ge

 v
ar

ia
ti

on
 o

f 
D

C
 B

us
 

 

 

Response
Reference

 
Fig. 20. Voltage variation of dc Bus (pu) 
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Fig. 21. Voltage variation in the AC bus rectifier (pu) 
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Fig. 22. Reactive power variation of rectifier (pu) 
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Fig. 23. Active power variation of rectifier (pu) 
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Conclusion 
This paper has covered the topic of power flow models 

of FACTS controllers and assessed their role in wide 
network applications. We examined the behavior of the 
power system test in static state conditions when the power 
system operates without and with BtB STATCOM. The 
simulation results indicate that, by employing BtB 
STATCOM in the weakest bus of the system, the loading 
margin can be greatly increased. The results also show the 
effectiveness of BtB STATCOM in enhancing the load flow 
of the power system test. The transient mode analysis 
proves that the impact of setpoint variation at BtB 
STATCOM on the characteristics of the power system is 
considerably negligible. Then, a small disturbance is noted. 
These considerations make that a BtB STATCOM is a very 
powerful tool by its efficiency in the control of a power 
system. 

 
APPENDIX 

Table 1. System data 
Basic values Sb = 200MVA, Ub= 230kV 
Generator 
data 

Sng=1000MVA, H=3.7s, Vng=13.8kV, f=50Hz, 
Xd=1.305pu, Xd’=0.296pu, Xd’’=0.252pu, 
Xq=0.474pu, Xq’=0.243pu, Xq’’=0.18pu, 
Td=1.01s, Td’=0.053s, Tqo’’=0.1s,  
Rg= 0.00285pu. 
 

Line data:  
 

f=50Hz, R1=0.02546Ω/km, R0=0.3864Ω/km, 
L1=0.9337x10-3H/km, L0=4.1264x10-3 H/km, 
C1=12.74x10-9F/km, C0=7.751x10-9F/km. 
Length (Line2-3)=200km,     Length  
(Line3-4)=150km, Length (Line2-4)=200km. 
 

Transformer 
data: 
 

Snt=1000MVA, Vnt=13.8/500kV, 50Hz,  
Rt=0.002, Lt=0, D1/Yg connection, Rm=500, 
Lm=500. 

Load data:  
 

Load C1: Real power =1000MW,  
Reactive power =0MVAR. 
 
Load C2: Real power =300MW,  
Reactive power =0MVAR. 
 

BtB 
STATCOM 
data 

Power circuit: rsh=1Ω, Lsh=0.001H, C=0.002F. 
Current regulation: Kp=50, Ki=300. 
DC voltage regulation: Kp=5, Ki=10. 
Active power regulation : Kp=10, Ki=100. 
AC voltage regulation: Kp=1, Ki=10. 
 

Classical 
regulation 
data 

Voltage Regulation Data: Ka=100, Ta=0.01Sec, 
Ke=1, Te=0.01Sec, Kf=0, Tf=0. 
 
Speed Regulation Data: Rs=0.001, Pmo=1.3pu, 
Tc=0.01Sec, Ts=0.5sec. 
 

 
 
 

 
Bloc diagram for a representation of voltage regulation 

 

Bloc diagram for a representation of speed regulation 
Table 2. Nomenclature 

FACTS  Flexible Alternative Current Transmission 
Systems 

BtB :  Back-to-Back 
STATCOM  Static Synchronous Compensator 
GTOs   Gate Turn-off Thyristors 
IGBTs  Insulated Gate Bipolar Transistors 
SSSC  Static Synchronous Series Compensator 
TCSC   Thyristor Controlled Series Capacitor 
SVC  Static Var Compensator 
UPFC  Unified Power Flow Controller 
 dc  Direct Current 
AC  Alternating Current 
PI  Proportional Integral 
PWM  Pulse Width Modulation 
SMIB  Single Machine Infinite Bus 
MW  Megawatts 
Inf Bus  Infinite Bus 
G  Generator 
kV  kilovolt 

 
Table 3. Symbols  

Vj  or Vi  Regional voltage 
Vid , Viq    i=(1 or 
2) 

 d (direct), q (quadrature) 

C  Capacitor 
Udc dc Voltage 
Udc

*  Reference dc Voltage 
Pshi   i=(1 or 2)  Shunt active power for  region i 
Qshi   i=(1 or 2) Shunt reactive power for  region i 
Zshi  i=(1 or 2) Shunt impedance for region i 
Ishi  i=(1 or 2) Shunt current for region i 
Vshi  i=(1 or 2) Shunt voltage for region i 
rshi  i=(1 or 2) Shunt resistance for region i 
Lshi  i=(1 or 2) Shunt inductance for region i 
 ω pulsation 
 f frequency 
Ishid , Ishiq  i=(1 or 
2)   

d (direct), q (quadrature),  sh (shunt) 

Vshid , Vshiq  i=(1 or 
2) 

d (direct), q (quadrature),  sh (shunt) 

Pdc dc power 
S:  Laplace operator 
Viabc and i=(1 or 
2) 

Three phase voltage for region i 

│Vi│
* and │Vj│

*  Reference voltage amplitude for region i 
│Vi│

* and  │Vj│
* Voltage amplitude for  region i 

Vciabc
*  i=(1 or 2) Reference three phase voltage converter 

for region i 
Bi  i=(1,2,3,4) Bus i   
Pmax Maximum power 
Ci  i=(1,2) Load i 
Piref   i=(1 or 2) Reference active power for region i 
Qiref   i=(1 or 2) Reference reactive power for region i 
Viref   i=(1 or 2)  Reference regional voltage for region i 
Pij i=(1,2,3)  
j=(1,2,3) 

Power transmission 

Sng The nominal power of generator 
H  Inertia coefficient 
Vng The nominal voltage of generator 
Xd, Xd’, Xd’’, Xq, 
Xq’, Xq’’ 

The reactances of the generator 

Td, Td’ and Tqo’’ Generator time constants 
Rg Stator resistance of generator 
P Pole pairs number of generator 
R1 and R0 Resistance length of line transmission 

[N*N matrix] 
L1 and L0 Inductance length of line transmission 

[N*N matrix] 
C1 and C0 Capacitor length of line transmission [N*N 

matrix] 
Snt The nominal power of transformer     

+ 

Amplification 

- 

Exciter 

Stabilization

Vgref 

Vg 
Vg- 

Ef

S.Kf 

Ke + S.Te 

Ka 

1 + S.Ta 

1 

Ke + S.Te Gen 

- 

1 + S.Ts 

1 

1 + S.Tc 

1 

2π f Rs 

+ 

- 

+ ωs 

ω 

Pmo 

Pm2 Pm1 
Pm 

1 
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Vnt=13.8/500kV   Voltage transformation report (of 
transformer) 

Rt  Resistance transformer (pu) 
Lt  Inductance transformer (pu) 
Kp  The proportional gain of a PI regulator 
Ki  The integral gain of a PI regulator 
Ka The gain of an amplifier 
Ta The constant time of an amplifier 
Ke The gain of an exciter 
Te The constant time of an exciter 
Kf The gain of a stabilizer 
Tf The constant time of a stabilizer 
Vgref Reference voltage of generator 
Vg Voltage generator 
Rs The generator droop 
Pmo Initial mechanical power 
Pm Mechanical power 
Pm1 and Pm2  Mechanical power controls 
Tc The servomotor time constant 
Ts The turbine time constant 
 ωs Synchronism pulsation 
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