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 This paper proposed the identification of the proper placement of UPFC (Unified Power 
Flow Controller) using a series of methodological numeric simulations to improve voltage 
stability. For this purpose, the critical zone of the system is determined, then, comparative 
analyses depending on different emplacements of UPFC are performed. The dynamic model 
of UPFC and the proposed method are tested on the IEEE 14-bus system. The finding shows 
that the proper location of UPFC helps in improving voltage profiles and increasing the 
maximum loading capacity. 
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1. Introduction 

Power systems have been forced to operate close to their 
stability limits and around their full capacities. This is due to the 
economic and environmental pressures imposed on the power 
generation and the construction of new transmission lines [1-4]. 
On the other hand, the amount of power transmitted across 
transmission lines is limited for safety and stability considerations. 
The system is prone to be collapsed when the power flowing 
exceeds the limits in case of an arbitrary incident [5]. System 
planners are so more and more focusing on how to manage the 
obstacles facing the power transmission.    

Over the last decades, FACTS (Flexible AC Transmission 
Systems) devices have opened new perspectives for managing the 
transmission of the power [6]. Different types of FACTS 
controllers are available for this aim, but the most powerful and 
prominent one is UPFC. UPFC is able to control the three 
parameters of the transmission system: phase angle, impedance, 
and voltage. In addition, it provides voltage support, improves 
transient stability and amortizes oscillations [7, 8].   

However, according to references [9, 10], the major 
disadvantage of UPFC is the expensive cost of installation and 
reactive power generation which is due to the great efforts of its 
voltage source converters. Therefore, an optimal location of the 
device helps in achieving good performances and enhancing 
power system stability with a reduced investment cost [11].   

Previous studies have been focused on the optimal placement 
of UPFC and the evaluation of its impact on system stability using 

various methods and techniques [12-14]. The authors in reference 
[15] presented an evolutionary algorithm-based approach to 
identify the optimal placement and settings of the hybrid device. 
Reference [16] has investigated the use of UPFC to increase the 
load ability margin and improve the system stability. The 
emplacement of the FACTS is decided by the stability indices 
which determine the critical line, the appropriate line for 
introducing UPFC. In reference [17], H. Wang investigated the 
impact of UPFC on the stability of a multi-machine power system. 
A. Ray et al. [18] studied the application of UPFC for controlling 
power flow in the transmission line and improving the voltage 
profile. They computed the VSI (Voltage Stability Index) for each 
line to integrate UPFC into the line which has got the highest VSI 
value. In reference [19], authors opted for the CPF (Continuation 
Power Flow) and LSI (Line Stability Index) for the identification 
of the suitable location of UPFC. Through simulation results, it 
was demonstrated that optimal placement of the hybrid FACTS 
improves the static and transient stability of power system when 
subjected to large disturbances. S. Lee et al. [20] addressed the 
determination of UPFC location and rating for voltage stability 
improvement using the analysis of the Jacobian matrix. Intelligent 
techniques were applied in reference [21] for the optimal position 
of UPFC along with series FACTS to minimize the operation cost 
of the power system. In [22], authors proposed two evolutionary 
optimization techniques to optimally place and size the hybrid 
controller in view of reducing the active power losses.  

This paper is an extension of work initially published in the 
Proceedings of the International Conference on Control 
Engineering &Information Technology [23]. In this work, we 
proceed with an efficient method for the identification of the 
proper placement of UPFC, for the purpose of improving voltage 

ASTESJ 

ISSN: 2415-6698 

*Hajer Jmii, University of Tunis, Tunis 1008, Tunisia, +21694014865, 
hajerjmii@yahoo.com 

 
 

Advances in Science, Technology and Engineering Systems Journal Vol. 2, No. 6, 261-266 (2017) 

www.astesj.com 

Special issue on Advancement in Engineering Technology 

 

https://dx.doi.org/10.25046/aj020631  

http://www.astesj.com/
http://www.astesj.com/
https://dx.doi.org/10.25046/aj020631


H. Jmii et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 2, No. 6, 261-266 (2017) 

www.astesj.com   262 

stability. We plan a series of methodological dynamic simulations 
to find the critical zone of IEEE 14-bus case study. The zone 
having the lowest voltage magnitudes is taken as the best location 
of UPFC. Then, we perform comparative studies to justify the 
placement selected. The dynamic model of UPFC and the 
numerical simulation method are implemented within the 
software EUROSTAG.   

2.  Necessity of FACTS devices 

Consider a single machine infinite bus system interconnected 
through a transmission line having reactance X , as shown in 
Figure 1. The power transferred across the transmission line is 
given in equation (1) [24, 25]. 

 
Figure 1. Single machine infinite bus system 

δsin21

X
VVP =  

                    
                      (1) 

1V and 2V are the voltages of the synchronous generator and 
the infinite bus respectively where: δ∠1V and  °∠02V . 

The power variation is a sinusoidal function of the difference 
between the two voltage angles as shown in Figure 2. The 
maximum power that can be transmitted across the line 
corresponds to °= 90δ  and by considering 1V = 2V = V , it is 
given by: 

X
VP 2

max =  
                    
                      (2) 

maxP depends on the value of the reactance X which imposes 
the theoretical limit of the steady state transmitted power. 
However, the line resistance R creates power losses quantified by 

2RI and thus sets the practical limit of the line. The physical 
characteristics of the conductor could also limit the power 
transmission, which is known as the thermal limit. 

 
Figure 2. Power-angle curve 

From equation (1), we note that the power can be controlled 
by two parameters; it can be enhanced by increasing the voltage 

magnitude of the synchronous machine and the infinite bus or by 
increasing the angular difference of the voltages. However, there 
are limits imposed on either the voltage magnitude or the angular 
difference, which have to be considered. The voltage variation 
must not exceed 5± % of the nominal voltage while the difference 
between the angles is limited to less than °−° 3530 to maintain the 
transient stability [26, 27]. 

Therefore, it is inferred that the power transmission is limited by: 

• Thermal limitations. 

• Physical limitations. 

• Stability. 

It is possible to deal with the thermal limitations by renovating 
the transmission lines and opting for a higher current rating 
conductor. Nonetheless, this solution does not necessarily 
guarantee voltage within the acceptable boundaries or the flow 
and the controllability of the power, but it is feasible by line 
compensation. Electro-mechanical devices used for line 
compensation cannot achieve rapid compensation and are prone 
to the wear quicker than the static equipments. The solid-state 
based technology, FACTS, provides the control of one or more 
parameters to magnify the loading capability and to develop 
controllability. As the current in a transmission line has the 
property to be controlled, it is possible to use a FACTS device for 
flowing power across the line during normal or disturbed 
conditions. This returns to the ability of FACTS devices to control 
all power flow parameters, namely phase angle, bus voltage and 
line impedance. In other words, the FACTS technology gives the 
possibility to maintain acceptable voltage magnitude and power 
flow.    

3. UPFC  

The UPFC is a hybrid device consisting of two voltage source 
converters interconnected through a common DC link capacitor, 
as shown in Figure 3 [28-30]. The inverter 1 is connected in shunt 
with the transmission line while the inverter 2 is series connected. 
It injects a series connected. It injects a series voltage controllable 
in phase and magnitude. The decomposition of this voltage leads 
to a quadrature component responsible for controlling the real 
power and an in-phase component which controls the reactive 
power in the line. Similarly, the injected shunt voltage is 
decomposed into two components. The quadrature component 
regulates the voltage of the DC link as for the in-phase component; 
it controls the exchange of the reactive power with the system. 

The model of UPFC is represented in Figure 4 [30, 31]. From 
this scheme, we can extract the active and reactive power flows 
of the series and shunt converters which are expressed by the 
equations (3) - (6). 
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Figure 3. UPFC incorporated in a power system 

 
Figure 4. Model of UPFC 

Where: 

sesejsej VVVVV φcos2222 ++=
β
γφ 1tan−=se , 

β
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+

= −

1
tan 1  

Similarly, the active and reactive powers of the shunt inverter 
are expressed by: 

εsin
sh
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P =                                                       (5) 
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Where: 
η
ξε
+

= −

1
tan 1 and 22222 )1( jjsh VVV ξη ++=  

KX: Short circuit level; 
)(xφ : Gaussian function 

γ : Relative quadrature series voltage; 
β : Relative in-phase series voltage; 
ξ : Relative quadrature shunt voltage; 
η : Relative in-phase shunt voltage; 
V : Right YPFC voltage; 

seV : Series voltage; 

shV : Shunt voltage; 
P : Real power; 
Q : Reactive power; 

shP : Shunt real power; 

shQ : Shunt reactive power. 
 

The modeling of the UPFC shunt part on EUROSTAG is 
simple; it is represented by a current injector. As for the modeling 
of the series part, we must open the line where we want to insert 
UPFC and place at its extremities two current injectors (Figure 5). 
The opening of the line is assured by a high reactance value. 

 

 
Figure 5. Model of UPFC in EUROSTAG 

4. Simulation 

4.1. Case Study 

To test the proposed method, we used the IEEE 14-bus test 
system. This system contains two generators each one is equipped 
with voltage and speed regulators and three synchronous 
compensators to produce reactive power. It also has two 
transformers with two windings, a three-winding transformer, 
fifteen transmission lines and eleven loads. The data of the above 
mentioned system are taken from reference [31]. 

   EUROSTAG [32] adopts the model considering the voltage 
behind transient reactance for representing all the generators and 
constant impedance to model loads and transformers.  

4.2. Simulations Results 
4.2.1. Identification of the Critical Zone: 

 The IEEE 14-bus network can be decomposed into a 
transmission system (69 KV) referred by « zone A » and a 
distribution one (13.8 KV) referred by « zone B » interconnected 
through three step-down transformers. To identify the critical zone, 
we proceeded by an incremental load increase of each zone 
separately. The part of the network experiencing voltage collapse 
rapidly is considered as the critical zone.  

According to the steady state, we noted that bus 14 is the most 
insecure bus; it has got the lowest magnitude compared to the other 
buses. For this reason, we choose to adopt this bus as an index for 
voltage stability assessment. 

Figure 6 shows the main results of increasing load. In zone A, 
the voltage of bus 14 underwent a progressive decrease of 0.002pu 
from one case to another until collapsing in the case of 49%. As 
for zone B, it could not withstand over than 39% of load increase 
where bus 14 has got the limit voltage amplitude. While the 
increase of the total system load leads to a severe voltage drop 
which ends with a collapse when reaching 25%.   
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Noteworthy that distribution system is the critical zone. All 
thanks to voltage and speed regulators of synchronous machines 
which reinforce transmission system stability. 

 
Figure 6. Identification of the critical zone of IEEE 14-Bus system. 

4.2.2. UPFC Application:  

Having identified the critical zone, we placed UPFC between 
buses 9 and 14, sized at 60MVAR for each one of its converters. 
Line 9-14 is close to the weakest bus so that we expect satisfying 
results when introducing UPFC into it. To evaluate the 
contribution of the controller, we rerun the system under 20 % of 
load increase at time t=250s.   

As we can see in Figure 7, UPFC was able to considerably 
increase bus14 voltage amplitude just after perturbation and with 
well-damped oscillations compared to the uncompensated system. 
This result indicates the voltage support supplied by the UPFC. 
Note that we obtained similar results for the other buses of the 
network.  

 
Figure 7. Temporal evolution of voltage at bus14 for 20 % of  load increase with 

and without UPFC 

The test network along with UPFC at different locations is 
tested now for comparison purpose. In addition to line 9-14, we 
choose two placements in the transmission system: lines 1-2 and 
2-3 which are intended for transmitting the highest amount of 
reactive and active powers. Thereby, enhancing power flowing in 
these lines can be effective in improving voltage stability of the 
whole network. Figure 8 and Figure 9 illustrate the temporal 

evolution of voltage at bus1 and bu2 respectively. It should be 
noted that the implementation of UPFC in line 1-2 has 
considerably damped voltage oscillations compared to the other 
cases. While, this location had no effect on the voltage magnitude 
as shown in Figure 10. UPFC in line 9-14 gave best voltage levels 
at all network buses than when it is incorporated in line 2-3, where 
we obtained the lowest voltage magnitudes.  

 
Figure 8. Temporal evolution of voltage at bus 1 for 20% of load increase with 

different locations of UPFC. 

 
Figure 9.Temporal evolution of voltage at bus 2 for 20% of load increase with 

different locations of UPFC. 

Figure 11 illustrates the active power losses of the system. It 
is clearly observable that the active power losses had the lowest 
value in the case of UPFC inserted through line 9-14, it is about 
13.5MW. However, a large amount of active losses is detected 
with line 2-3 placement and about 14 MW in line 1-2 case. 

Now, we evaluate the impact of UPFC location on the 
loadability margin of the power system.  From Table 1, we can 
note that the contribution of the controller in improving the 
maximum loading capability was very meaningful when installing 
in the distribution system. In fact, it was able to increase the 
loadability margin in zone A from 48% to 59% and from 39% to 
70% in zone B. As for the whole network, it became able to 
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maintain a stable state up to 33.5% of load increase while its 
maximum loadability was about only 25% before compensation. 
Nevertheless, when introduced in the transmission system, UPFC 
was less effective in increasing loadability margin. That was 
observable notably in line 2-3, where only the loading capacity of 
zone A; reached a higher percentage compared to the case without 
UPFC.  

 
Figure 10.Voltage profiles of IEEE 14-Bus system for 20% load increase with 

different locations of UPFC 

 
Figure 11. Active power losses for 20% load increase with Different UPFC 

Locations. 

Table 1. Load ability Margins with Different Locations of UPFC. 

Network 
Zone  

Loadability Margin in % 

Without 
UPFC 

With 
UPFC in 
line 2-3 

With 
UPFC in 
line 1-2 

With 
UPFC in 
line 9-14 

 
Zone A 
 

48 52 55 59 

 
Zone B 
 

39 39 39 70 

Zones 
A&B 
 

25 25 32 33.5 
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5. Conclusion 

In this paper, the impact of the proper installation of UPFC on 
improving voltage stability has been investigated. The placement 
of UPFC is done by using a numerical simulation based method. 
The identification of the critical zone of the system can determine 
the best location of the hybrid device. Then, the performance of 
the proper placement is compared to different selected locations 
in the system for justification purpose. It was found that UPFC 
incorporated through line 9-14 in the critical zone, helps in 
improving voltage magnitude, reducing active power losses as 
well as increasing maximum loading capacity of the system. 
However, the integration of the controller in the transmission 
system gave rapid and well- damped oscillations. Thereby, the 
optimal placement of the UPFC is highly dependent on the 
objective of the integration. 
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