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Abstract: - Generation of electricity from wind power has received considerable attention and integration 
of wind farms based on double fed induction generators (DFIG) may have significant impacts on power 
system operation. This paper analyzes and compares the integrating of wind farm and Flexible AC 
Transmission System devices (FACTS) and their impact on IEEE-9 bus and IEEE-30 bus test systems. The 
west-Algerian network (2012) is also selected for study and different cases have been simulated in 
MATLAB based Power System Analysis Toolbox. Therefore, we must choose among FACTS devices, those 
with specific applications such as controlling the power flow, Thyristor-controlled series compensator 
(TCSC) is the best choice for a proper control of power flow and consequently the reduction of active and 
reactive power losses. The simulation results show clearly the effect of wind farm and TCSC device on 
power quality of electric power system. 
 

Key-Words: - Power System - TCSC - wind power generation – DFIG - power flow analysis – Power System 
Analysis Toolbox.  
 
 
1 Introduction 

As a clean, renewable energy, wind power has been 
a common concern recently all over the world. The 
world's newly installed capacity of wind power was 
38.31 million kilowatts in 2009, and the total 
installed capacity reached 157.9 million kilowatts 
[1]. The development of production technology is 
improving the wind turbine performance. As a result 
of these developments, and the measures to promote 
the construction of renewable resources, more 
utilities are seriously examining the wind option [2]. 
With the development of wind power and the 
increasing of wind farm capacity, the interaction 
between wind farms and power system has become 
increasingly evident [3]. Due to the increasing 
concern about CO2 emissions, renewable energy 
systems and especially wind energy generation have 
attracted great interests in recent years [4]. Making 
full use of wind energy to generate electricity can 
not only reduce the environmental pollution but also 
reduce the fuel cost of the power system [5].  
Nowadays, as a consequence of the important 
progress in power electronics and micro-computing, 

the control of AC electric machines has seen 
considerable development and the possibility for 
application [6]. Doubly Fed Induction Generator 
(DFIG) is a kind of variable speed constant 
frequency wind generator which can output reactive 
power when not working in the constant power 
factor mode and be used as a reactive power supply 
for wind farm [7]. DFIG is one of the most 
commonly used technologies nowadays, as these 
offer advantages such as the decoupled control of 
active and reactive powers [8]. DFIG has higher 
energy capture efficiency and improved power 
quality. With the advent of power electronics, a 
back-to-back converter, which consists of two 
bidirectional converters and a dc-link acts as an 
optimal operation tracking interface between 
generator and the grid [9]. DFIGs have two 
operation modes which are constant-power factor 
and constant-voltage control. The essential 
differences between them are different reactive 
power dispatch and voltage control strategies. Thus 
the study on operation modes of DFIG has a great 
significance for improving system voltage stability 
[10]. Flexible AC Transmission System 
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(FACTS) controller is defined as power electronic 
based system and other static equipment that 
provide control of one or more AC transmission 
system parameters [11]. FACTS have been 
introduced in 1980’s and used as economical 
and efficient means to control the power 
transfer in an interconnected AC transmission 
system [12]. From the 1990s, with the concept of 
FACTS devices introduced by Prof. N.G.Hingorani, 
the complexity in power flow control vanishes 
slowly [13]. The objective of FACTS devices is to 
bring a system under control and to transmit power 
as ordered by the control centers, it also allows 
increasing the usable transmission capacity to its 
maximum thermal limits [14]. FACTS devices can 
be used for voltage stability and reactive power 
compensations, controlling the power flow [15]. By 
Using FACTS devices it is possible to control the 
phase angle, the voltage magnitude at chosen buses 
and /or line impedances of a transmission system 
[14]. Thyristor controlled series compensator 
(TCSC) is one of the important members of 
FACTS family that is increasingly applied by 
the utilities in modern power systems with long 
transmission lines [16]. Thyristor Controlled 
Series Capacitor (TCSC) is one of the series 
connected FACTS device that increase power 
transfer capability of long lines and voltage stability 
[17]. TCSC has various roles in the operation 
and control of power systems, such as 
scheduling power flow; reducing net loss; 
providing voltage support; limiting short circuit 
currents; mitigating sub-synchronous resonance 
(SSR); damping the power oscillations; and 
enhancing transient stability [18,19]. The power 
system stability enhancement via PSS and a 
thyristor controlled series capacitor (TCSC)- based 
stabilizer when applied independently and also 
through coordinated application was discussed and 
investigated in [20,21]. TCSC is inserted into a 
transmission line to vary its reactance, and thereby 
reduce the reactive losses and increase the 
transmission capacity [22]. The transmitted power 
through a line is inversely proportional to the 
transfer impedance [23]. The TCSC has a great 
application and ability of exactly adjusting the 
power flow on a transmission line [24]. TCSC offers 
smooth and flexible control of the branch 
impedance with much faster response [25]. The 
TCSC’s high speed switching capability provides a 
mechanism for controlling line power flow, which 
permits increased loading of existing transmission 

lines, and allows for rapid readjustment of line 
power flow in response to various contingencies.  
      The TCSC also can regulate steady-state power 
flow within its rating limits [26]. The 
implementation of FACTS is fast and the capital 
investments are reduced compared to other solutions 
(construction of new transmission lines or new 
means of production) [27]. This work describes a 
study on the insertion of TCSC and wind farm on 
IEEE-9 bus and IEEE-30 bus test systems and 
investigates the application of the proposed 
approach on real network data. The west-Algerian 
network 2012 (400kV, 220kV and 60kV) is selected 
for study and different cases have been simulated in 
a powerful tool for simulation which is the Power 
System Analysis Toolbox (PSAT). PSAT is a 
MATLAB toolbox for electric power system 
analysis and the control was designed by Vanfretti 
and Milano [28]. The main purpose of this paper is 
to enhance the power flow and resolve the voltage 
instability.   
 
2 Modeling of components 
2.1 Thyristor-controlled series compensator 
(TCSC) 
TCSC vary the electrical length of the compensated 
transmission line which enables it to be used to 
provide fast active power flow regulation. It also 
increases the stability margin of the system. The 
simpler TCSC model exploits the concept of a 
variable series reactance. The series reactance is 
adjusted automatically, within limits, to satisfy a 
specified amount of active power flow through it 
[29]. The model of the TCSC used in this paper is a 
variable reactance connected in series with 
transmission line [30] that is:  
 
Z k = r k + j(x k +x TCSC ), ∀ k= (n,m)∈ TCSCΩ         (1)  
                                                                         
The resulting conductance and susceptance are, 
respectively: 

kg = 22 )( TCSCkk

k

xxr
r
++

, ),( mnk =∀ TCSCΩ∈      (2)      

                                                                     

kb = 22 )(
)(

TCSCkk

TCSCk

xxr
xx
++

− + ,∀ TCSCmnk Ω∈= ),(    (3)   

                                                                       
Where  Z k : Impedance of element k; kr : Resistance 
of element k; kx : Reactance of element k; TCSCx : 
Maximum reactance of the TCSC; kg : 
Conductance of element k; kb : Series susceptance 
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of element k; TCSCΩ : set of lines with TCSCs. The 

TCSC is composed of an inductance Lx  in series 
with a thyristor dimmer; all in parallel with a 
capacitor cx , the equivalent susceptance B  of the 
TCSC is function of the firing angle α, the 
inductance Lx  and the capacitor cx [27]. TCSC 
regulator is depicted in Figure 2. The system 
undergoes the algebraic equations:       
                                    

)sin()( mkkmmkkm BYVVP θθ −+=    (4)                                                                                                         

kmmk PP −=             (5)                                                                                                                                                

)cos()()(2
mkkmmkkmkkm BYVVBYVQ θθ −+−+=  (6)                                                                                     

)cos()()(2
mkkmmkkmmmk BYVVBYVQ θθ −+−+=  (7) 

 

       
           Fig.1 Simple diagram of TCSC                                                                               

    
            
              Fig.2 TCSC regulator. 
 

Where the indexes k and m stand for the sending and 
receiving bus indices, respectively, kmY is the 
admittance, P and Q are the active and reactive 
power of the line at which the TCSC is connected 
respectively. kV  and mV  are the voltage magnitude 
at bus k and m respectively. The TCSC differential 
equations are as follows:  

{ } rPODrco TxuKxx /),( 101
.

−+= α                   (8)  
                                                                                                               

Where 1x  is state variable, cox  is the initial series 

reactance, 0α  is the initial firing angle, rK  is the 
gain of the stabilizing signal, PODu  is connection 

status and rT  is the regulator time constant. 

)(2
.

refkmI PPKx −=                                              (9)  

2x  is state variables, IK  is the Integral gain of PI 
controller and refP  is the reference power flow of 
the PI controller.  
 
{ } 20 )(, xPPKx refkmpco +−=α                           (10)                                                                                                       

pK  is the proportional gain of PI controller.  

The state variable { }01 ,αcxx = , depending on the 
TCSC model.  
     The PI controller is enabled only for the constant 
power flow operation mode. The output signal is the 
series susceptance B of the TCSC and it is depending 
on the TCSC model )( cxB or )(αB . During the 
power flow analysis the TCSC is modeled as a 
constant capacitive reactance that modifies the line 
reactance kmx , as follows: 

kmpkm xcx )1(' −=                                                (11)  
                                                                                                                                       

Where pc  is the percentage of series compensation. 
The TCSC state variables are initaliazed after the 
power flow analysis as well as the reference power 
of the PI controller refP . At this step, a check of cx  
and/or α  anti-windup limits is performed [31]. 
 
 
2.2 Double fed induction generator (DFIG) 
model 
The overall scheme for a wind farm based on DFIG 
is depicted in Figure 3. Thus; it is composed by two 
voltage fed PWM converters in back-to-back 
configuration. These converters allow the decoupled 
control of the active and reactive power flow 
between the DFIG and the AC network by adjusting 
the switching of the IGBTs.  
     For this structure, the equations of the double 
feed induction generator in terms of the d and q axes 
and neglecting the stator and rotor flux transients 
can be written as [8][32]. 

For the stator circuit: 

qrmqsmsdssds ixixxiRv +++−= )(               (12)                                                                                                                                         
drmdsmsqssqs ixixxiRv ++−−= )(                  (13)                                                                                                                    

For the rotor circuit: 

qsmqrmrdrrdr ixixxiRv ++−+−= ))((1( ω      (14)                                                                                                            

dsmdrmrqrrqr ixixxiRv ++−+−= ))((1( ω  (15)                                                                                                   
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Where vds, vqs : d and q axes stator voltages; vdr, 
vqr :d and q axes rotor voltages; ids, iqs : d and q axes 
stator currents; idr, iqr d and q axes rotor currents; Rs, 
Rr : Stator and rotor resistances; xs : Stator self-
reactance; xr: Rotor self-reactance; xm : Mutual 
reactance; ω : Rotor speed. Assuming a lossless 
converter model, active power of the converter 
coincides with the rotor active power.  
     The reactive power injected into the grid can be 
approximated neglecting stator resistance and 
assuming that the d- axis coincides with the 
maximum of the stator flux. Therefore, the powers 
injected in the grid result [31]:    

qrqrdrdrqsqsdsds ivivivivP +++=     (16)                                                                                       

mms

drm

x
v

xx
vix

Q
2

−
+

−=                                           (17)                                                                                                                                                                   

        
      
     Fig.3  Doubly feed induction generator. 
 
Where v is the grid voltage magnitude. The 
mechanical torque of the Wind turbine model mT is 

calculated using the given wind velocity wV  (m/s) 
as [33]:  

ω
w

m
pT =                                                         (18)                                                                                                           

3

2
1

wpw AVcp ρ=
                                           

(19) 

                                                                                                                           
 

Where: ω is the rotor speed, Pw the mechanical 
power extracted from the wind, ρ is the air density   
( 2/ mkg ), pc  is the power coefficient and A is the 

rotor area ( 2m ).  
Thus the electrical torque eT  and the mathematical 
link between mT  and eT  where H is the rotor inertia 
results: 

)( qsdrdsqrme iiiixT −=                                (20)                                                                                                      

)(
2
1

em TT
Hdt

d
−=

ω                                    (21)                                                                                                            

In order to model the instantaneous wind speed wV
(t), it is assumed to be composed of four 
components as follows: Average and initial wind 
speed waV  (m/s); ramp component of the wind 
speed wrV (t); gust component of the wind speed 

wgV  (t) and wind speed turbulence wtV  (t) [34]. 

Thus the resulting wind speed wV (t) is: 

wV (t) = waV  + wrV (t) + wgV (t)+ wtV (t)             (22)                                                                           

The wind ramp component is defined by amplitude 
wrA and starting and ending times, srt  and ert

respectively:  
t < srt  : wrV (t) = 0  

srt ≤ t ≤ ert  : wrV (t) = wrA  )(
)(

srer

sr
tt

tt
−
−

                (23)                                                                                     

t > ert  : wrV (t) = wrA  
 
The wind gust component is defined by amplitude 

wgA  and starting and ending times, sgt  and egt  
respectively: 
 
t < sgt  : wgV (t) = 0 

sgt  ≤ t ≤ egt  : wgV (t) = 2
wgA  (1-cos(2

sgeg

sg

tt
tt
−
−

π ))    (24)                                                                    

t > egt  : wgV (t) = wgA   
 
The wind turbulence component is described by a 
power spectral density as follows [31]: 

wtS =
3
5

2

0

)5.11(

))(ln(
1

wa

wa

V
lf

lV
z
h

+

×

                                  (25)   

                                                                                              
Where f is the electrical frequency, h (meters) the 
wind turbine tower height, l  (meters) is the 
turbulence length scale (= 20 h for h < 30 meters, 
and 600 meters for h > 30 meters), 0z  (meters) is 
the roughness length. The spectral density is then 
converted in a time domain cosine series [31].  

wtV (t)=∑ = ∆++∆n
i tfffS iiiwt1 )2cos()( ϕϕπ    (26)                                                                 

Where if  and iϕ  are the frequency and the initial 
phase of the ith frequency component, being iϕ  
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random phases ( iϕ  ∈  [0, 2π]). The frequency step 
f∆ should be f∆ ∈(0.1, 0.3) Hz. Finally ∆ φ is a 

small random phase angle introduced to avoid 
periodicity of the turbulence signal.  

 
3 Results and discussion 
In this paper different studies are selected to 
increase the power flow and to get better power 
quality of the system. To compare the impact of 
wind farm and TCSC on IEEE-9 bus and IEEE-30 
bus test systems, simulation cases can be applied in 
PSAT 2.1.8 by using Newton-Raphson method. The 
TCSC control powers in the transmission lines in 
order to minimize power losses, the index used in 
this study for the optimal location of the TCSC, is to 
determine the most line causes significant active 
losses in the systems. Parameters of TCSC device 
used in simulation are presented in Table 1.  

  Wind farm of 600 MVA / 69kV capacity 
comprising of 300 wind turbines has been connected 
to most critical bus by creating another bus through 
a transformer of tap ratio unity. Wind was modeled 
as Weibull distribution as proposed by Milano. F 
(2005) by taking into account the composite nature 
of wind which included average, ramp, gust, 
turbulence and low pass filters were used to smooth 
the wind speed variations[34]. Parameters of DFIG 
and Wind model are given in Table 2.    

    
            Table 1.  TCSC parameters.    

 
    
3.1  Study on IEEE-9 bus test system  
The IEEE 9 Bus Test represents a portion of the 
Western System Coordinating Council (WSCC) 3-
Machines 9-Bus system. Basically, this 9 bus 
system contains 3 generators, 9 buses and 3 load and 
the base KV levels in the go from 16.5 kV to 230 
kV, System load is 315 MW and 115 Mvar [35]. 
Figure 4 shows IEEE 9 bus test system with wind 
farm and TCSC device inserted in PSAT.   

    To determine the optimal emplacement of TCSC 
device, the power flow simulation is a necessary 
step to determine the most line causes significant 
active losses, line 4 between (buses 7 bus 5) with a 
value of 2.299 MW was chosen as an optimal 
position of TCSC. The series reactance TCSCx  is 
adjusted automatically and takes a value of 0.0644 
p.u. The reference power flow of the PI controller is 
0.95342 p.u.  
 
Table 2.  DFIG parameters for IEEE bus test 
systems.      
 

 Fig.4 IEEE 9 bus system inserted in PSAT with 
wind farm and TCSC device. 

Bus 9

Bus 8

Bus 7

Bus 6

Bus 5

Bus 4

Bus 3Bus 2

Bus 1

31

Sn Power rating 100 MVA 
Cp Percentage of series 

compensation 
40 % 

Tr Regulator time constant 1 s 
XCmax  Maximum reactance  0.5 p.u. 
XCmin  Minimum reactance -0.5 p.u. 
KP Proportional gain of PI 

controller 
5 p.u./p.u. 

KI Integral gain of PI controller 1 p.u./p.u. 
XL Reactance (inductive) 0.2 p.u. 
XC Reactance (capacitive) 0.1 p.u. 
Kr Gain of the stabilizing signal 10 p.u./p.u. 

Power, Voltage and Frequency Ratings 
[MVA, kV, Hz] [600, 69, 60] 

Stator Resistance Rs, stator Reactance Xs 
[p.u, p.u.] [0.01,  0.10]  

Rotor Resistance Rr, Rotor Reactance Xr 
[p.u, p.u.] [0.01,  0.08]  

Magnetization Reactance Xm [p.u.] [3.00] 
Pitch control gain Kp,  time constant Tp 
[p.u,s]  [10, 3]  

Voltage control gain Kv, Power Control 
time constant Te [p.u, s] [10, 0.01] 

Number of Pole, gear box ratio [int, -] [4, 1/89] 
Blade length, number  [m, int] [75.00,  3] 
Pmax and Pmin [p.u, p.u.] [1.00,  0.00]  
Qmax and Qmin [p.u, p.u.] [0.7,  -0.7]  
Number of generators 300 
Nominal wind speed, air density [m/s, 
kg/m3] [15, 1.225] 

Filter time constant, sample time [s, s] [4, 0.1] 
Weibull constant C and K [20, 2] 
Ramp constants tsr, ter and Awr [s, s, m/s] [5, 15, 1] 
Gust constants tsg,  teg and Awg [s, s, m/s] [5, 15, 0] 
Turbulence constants h, Z0,∆ f and  n [m, 
-, Hz, -] 

[50, 0.01, 0.2, 
50] 
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      After the insertion of TCSC device in the 
system, the active losses of line 4 decrease by 2.299 
MW to 0 MW, line 2 decreases by 0.4752 MW to 
0.38031MW, the same for line 3 by 1.35384MW to 
0.9998 MW, and line 5 by 0.25751MW to 
0.181865MW. Figure 6 shows the active losses of 
IEEE-9 bus test system with and without TCSC 
device.  
       The power flow simulation shows the most 
suitable and critical voltage bus in the system. Wind 
farm has been connected to bus 5 with low voltage 
value of 0.99563 p.u by creating a transformer with 
Primary and secondary voltage ratio (69 kV/230 
kV).   
       From the results, wind farm injected 21.2202 
MW and 0.4748 MVar. Figure 5 presents the wind 
speed of DFIG (m/s). The algebraic variables like 
the voltage reference of DFIG take value of 
1.0003271 p.u, the rotor speedω =0.43707784 p.u, 
the mechanical power extracted from the wind Pw 
=0.21220295 p.u and the static variable like wV  take 
value of 0.43707784 p.u.   
 

 

             Fig.5  Wind speed of DFIG (m/s). 
 
From the results as shown in Figure 6, wind farm 
decrease the active losses of line 4 by 2.2999 MW 
to 2.1544 MW, of line 5 by 0.2575 MW to 0.1418 
MW and line 6 by 0.1664 MW to 0.1440 MW.   
               

Fig.6 Active power losses of IEEE-9 bus test system 
in different cases. 

 
Figure 7 shows that after the insertion of wind farm, 
the reactive power losses of line 4 decrease:  
by -19.6935 MVar to -20.5086 MVar, the  line 5 by 
-15.7941 MVar to -16.8209 MVar and line 9 by 
3.1227 MVar to 1.7031 MVar. 
      Table 3 presents the line power flow of IEEE 9-
bus test system of base case, system with TCSC and 
system with wind farm. After the insertion of TCSC 
in line 4 the reactive power flow of this line change 
from -8.3808 MVar to 19.7318 MVar and this 
increase justifies the growth of reactive losses in this 
line.     

Fig.7 Reactive power losses of IEEE-9 bus test 
system in different cases. 

Figure 8 shows the profile of voltage magnitude of 
IEEE-9 bus test system after the insertion of TCSC 
device and wind farm. 

Fig.8 Voltage magnitude of IEEE-9 bus test system 
in different cases. 
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                              Table 3. Line power flow of IEEE 9 bus test system in different cases. 

 
 
3.2  Study on IEEE-30 bus test system  
The 30 bus system has 34 transmission lines, 21 
load buses, 6 generation buses and 2 fixed 
capacitors. System load is kept constant at 283.4 
MW and 126.2 MVar with 100MVA base, 135 KV 
base and frequency as 60Hz [35]. Figure 9 shows 
IEEE 30 bus test system inserted in PSAT. 
       

 
Fig.9. IEEE-30 bus test system with TCSC and wind 
farm inserted in PSAT. 
 
The most line causes significant active losses and 
far from the production node is line 36 between (bus 
2 and 5).  
       TCSC is connected to line 36 and xTCSC is 
adjusted automatically with a value of 0.07932 p.u 
and reference power flow is 0.95314 p.u.    
        
 

 
 
After the insertion of TCSC, the active losses of line 
2 decrease by 3.11717 MW to 2.8223 MW, line 13 
decrease by 1.001285 MW to 0.7739 MW, the same 
for line 32 by 0.38027 MW to 0.1274 MW, line 34 
by 1.9489 MW to 1.5197 MW, line 36 by 2.9543 
MW to 0 MW and line 37 by 0.8597 MW to 0.7759 
MW. Figure 10 show this reduction in different 
lines of IEEE-30 bus test system.  
        

 Fig.10 Active power losses of IEEE-30 bus test 
system in different cases. 
 
      Figure 11 show that TCSC device reduces the 
reactive power losses of line 2 by 9.1792 MVar to 
8.10512 MVar, line 13 by 1.1035 MVar to 0.43256 
MVar, line 32 by 0.3069 MVar to -0.4672 MVar 
and line 34 by 3.9427 MVar to 2.6502 MVar.                          
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        Cases         Base case               With TCSC             With  Wind farm 
From 
Bus 

To 
Bus 

Line 
  

  P FLOW 
  (MW) 

 Q FLOW         
 (MVar) 

  P FLOW 
  (MW) 

 Q FLOW         
 (MVar) 

  P FLOW 
  (MW) 

 Q FLOW         
 (MVar) 

Bus 9 Bus 8 1 24.183414 3.11951022 32.8891393 9.0483826 21.5137286 3.18407815 
Bus 7 Bus 8 2 76.3798662 -0.79733307 67.6581544 -6.22924682 79.0695069 -0.71493367 
Bus 9 Bus 6 3 60.816586 -18.0748373 52.1108607 -18.4880025 63.4862714 -18.3674937 
Bus 7 Bus 5 4 86.6201338 -8.38082021 95.3418456 19.7318125 83.9304931 -9.28382852 
Bus 5 Bus 4 5 -40.6798375 -38.6872517 -29.6581544 -39.2147217 -22.0486945 -39.2014257 
Bus 6 Bus 4 6 -30.5372628 -16.5433668 -38.8889803 -15.5395302 -27.9884655 -17.3563325 
Bus 2 Bus 7 7 163 6.65365602 163 29.8376555 163 5.82690877 
Bus 3 Bus 9 8 85 -10.8597089 85 -5.39355498 85 -11.0850393 
Bus 1 Bus 4 9 71.6410215 27.045928 68.9890533 26.1758548 50.3230922 25.7998096 
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 Fig.11 Reactive power losses of IEEE-30 bus test 
system in different cases. 
 
     For the IEEE 30 bus test system, the best choice 
for the insertion of wind farm is the compensation 
node 10 and its voltage value is 0.96406 pu. The 
active and reactive powers injected by wind farm 
are respectively 66.6760348 MW and 1.124227 
MVar.  
      The wind farm reduces the active losses in line 1 
by 5.1734 MW to 2.7632, line 13 by 1.00128 MW 
to 0.4407 MW, line 34 by 1.9489 MW to 0.8884 
MW, line 36 by 2.9543 MW to 2.3425 MW and line 
37 by 0.8597 MW to 0.4147 MW as shown in 
Figure 10.  
      After the integration of wind farm, the reactive 
power losses of line 1 decrease by 12.5757 MVar to 
5.3562 MVar, line 2 by 9.1792 MVar to 3.4071 
MVar, line 3 by 1.1035 MVar to -0.6161 MVar, line 
18 by 1.3723 MVar to 0.0425 MVar, line 21 by 
1.5984 MVar to 0.01838 MVar, line 24 by 4.6831 
MVar to 1.66088 MVar, line 34 by 3.942731 MVar 
to 0.71495 MVar, line 36 by 10.210192 MVar to 
7.63871 MVar and line 37 by 2.0322 MVar to 
0.74995 MVar.  
      Figure 11 shows the impact of wind farm on 
reactive losses of IEEE-30 bus test system.  
     For better understand Figure 12 and 13 present 
respectively the impact of TCSC device and wind 
farm on active and reactive line power flow, Figure 
14 show the voltage magnitude of nodes in different 
cases of IEEE-30 bus test system.  

 
Fig.12 Active Power flow of IEEE-30 bus test 
system in different cases.      

 
Fig.13 Reactive Power flow of IEEE-30 bus test 
system in different cases.                                         

 
Fig.14 Voltage magnitude of IEEE-30 bus test 
system in different cases.  
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               Table 4. Simulation results of IEEE-9 bus and IEEE-30 bus test systems in different cases. 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
3.3 Application to the west Algerian network 
(2012) 

The west-Algerian system 2012 (400 kV, 220 kV 
and 60 kV) is selected for study with 100MVA base 
and frequency as 50 Hz. System load is kept 
constant at 1686.24 MW and 664.67 Mvar. The 
system has 138 branches (lines and transformers), 
102 buses,7 generation buses and 3 fixed capacitors.  

   Figure 17 represents the west Algerian network 
inserted in PSAT. According to the results of power 
flow, the most line causes significant losses is the 
line N°91 (bus 73-39). Bus 85 records the low 
voltage (0.7769 p.u), voltage magnitude of bus 73 is 
(0.78676 p.u) and this bus is indicated as the optimal 
position for wind farm connection. The wind farm 
of 600 MVA / 690 V capacity comprising of 300 
wind turbines, frequency as 50 Hz, Stator resistance 
(Rs) as 0.00488 p.u, Stator leakage reactance (Xls) 
as 0.09241 p.u, Rotor resistance (Rr) as 0.00549 p.u, 
Rotor leakage reactance (Xlr) as 0.09955 p.u and 
Magnetizing reactance (Xm) as 3.95279 p.u.    
       Wind farm is connected to bus 73 by creating 
another bus through a transformer of tap ratio unity 
and wind was modeled as Weibull distribution as 
proposed by Milano. F (2005).  The active and 
reactive powers injected by wind farm are 
respectively 48.1522 MW and 12.9803 MVar.  
       The TCSC device is connected to line 91 and 
takes a value of 0.04667 p.u.  From the results the 
voltage magnitude of bus 73 increases after the 
insertion of TCSC device by 0.7867 p.u to 0.9235 
p.u and increases after the insertion of wind farm to 
0.9738 p.u. Figure 15 and 16 present respectively 
the active and reactive power losses of west 
Algerian network in different cases. 

 
 
 

Fig.15 Active power losses of west Algerian 
network in different cases. 
 

 Fig.16 Reactive power losses of west Algerian 
network in different cases. 
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                                                         IEEE-9 bus test system 
     
       Cases  

Total generation         Total losses    Slack bus generation 
PG(MW) QG(MVar) PL(MW) QL(MVar) PS(MW) QS(MVar) 

    Base case 319.641     22.8399     4.641       -92.1601     71.641       27.0459 
   With TCSC 316.9891    50.62       1.9891      -64.38       68.9891      26.1759 
 With wind farm 319.5434    21.0165     4.5434       -93.9835     50.3231      25.7998 
                                                         IEEE-30 bus test system 
     
        Cases  

Total generation         Total losses    Slack bus generation 
PG(MW) QG(MVar) PL(MW) QL(MVar) PS(MW) QS(MVar) 

    Base case 301.014     172.5027    17.614      46.2427 261.014     -14.3798 
   With TCSC 296.4226 168.0928 13.0226  41.8328   256.4226     4.0527 
 With wind farm 295.2316 152.8488 11.8316 26.5888   188.5556    -3.0583 
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                                  Fig.17 The west Algerian network inserted in PSAT.                        

                  
                           Table 5. Simulation results of west Algerian network in different cases. 

After the integration of wind farm to the west 
Algerian network, the active power losses of line 2 
decrease by 0.96 MW to 0.7991 MW, line 91 by 
8.59 MW to 0.6823 MW and line 98 by 3.669 to 
2.5894 MW. Wind farm reduces the reactive power 
losses of line 91 by 28.87 MVar to 2.091 MVar. 
     The TCSC device decrease the active power 
losses of line 2 by 0.96 MW to 0.94 MW, line 91 by 
8.59 MW to 0 MW, line 98 by 3.669 MW to 3.5213 
MW. The reactive power losses of line 91 decrease 
by 28.87 MVar to 20.307 MVar. 
 
 
4 Conclusion 
Simulation was illustrated by the use of one of the 
most recent software which is software PSAT.  This 
last was applied without any failure or instability in 
simulation. The first part showed the positive 
contribution of the integration of TCSC device to 
the IEEE test systems on power transmitted. TCSC 
device is adjusted automatically, within limits, to 
satisfy a specified amount of active power flow 
through it. The second part devoted to the 
integration of wind farms, which has concluded that 
the use of wind farms has significant benefits in 
reducing generation and losses of real and reactive 

power in the systems according to the needs of the 
network. The proposed approach was also applied to 
west Algerian network and from the results 
presented in this paper it can conclude that the 
integration of wind turbine and TCSC enhances the 
power flow and resolve the problem of losses. 
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