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Abstract—The non-linear constant increment of power 

demands due to loads caused a complexity in the operation of 

the power system network and might also cause insecurity 

without adequate control in the system with large power flows. 

A successful alternative energy source gives new challenges 

when connected to the power grid system.   It is however that 

with the presence of environmental conditions, there is a 

constant fluctuation of generated power from renewable energy 

sources. This can be explained when wind power is used as a 

source of injection into an electric grid, where the power quality 

will be affected due to the fluctuating condition of the nature of 

the wind and comparatively new types of its generators panel. 

Power system control is introduced in this matter using a 

controller known as FACTS (Flexible AC Transmission 

System). FACTS controllers such as STATCOM (Static 

Synchronous Compensator) and SSSC (Static Synchronous 

Series Compensator) can function to be a terminal voltage 

regulator to the power system and consequently improve the 

systems’ stability and power quality.   With the usage of IEEE 

14 bus power system network, both the potential STATCOM 

and SSSC are measured using the controller at high influential 

locations of the power system. 

 

Index Terms—FACTS; Power Factor Improvement; Power 

Grid; Renewable Energy Sources.  

 

I. INTRODUCTION 

 

The problems currently being faced by centralized power 

generation systems is the shortage of its main energy sources 

which is generated by fossil fuels. The electrical power losses 

are significantly caused by the length of the transmission 

lines. With that, the focus of introducing the integration of 

renewable energy systems to the grid will lead to massive 

energy efficiency and reduction of emissions. While there is 

a substantial increase in the penetration of renewable energy 

to the grid, quality in the power of the medium to low voltage 

in the power transmission system becomes a significant area 

to research on.  

Power electric converters are considered to be one of the 

main aid in the integration of renewable energy systems to the 

grid. Power electronic converter is used as the main purpose 

to integrate the distribution in the generation to the grid power 

factor standards. However, high switching frequency inverter 

can inject additional harmonics to the system, creating major 

power quality problems if not carried out correctly [1, 2]. 

Custom Power Devices (CPD) such as Shunt Active Power 

Filter (STATCOM or SVC), Series Active Power Filter 

(SSSC or TCSC), Combination of series and shunt Active 

Power Filter (UPFC) are the latest development of interfacing 

devices between distribution supply and consumer appliances 

to overcome voltage/current disturbances and improves the 

power quality by compensating the reactive and harmonic 

power generated or absorbed by the load. Natural resources 

from solar and wind channels to most promising distributed 

generation of sources while also raising their penetration 

level to the grid. Although the benefits of distributed 

generation include voltage support, diversification of power 

sources, reduction in transmission and distribution losses and 

improved reliability, power quality problems are also of 

growing concern [3]. 

Creating a hybrid Custom Power Device (CPD) is another 

alternative solution that fixes the issue of power quality and 

power stability in the power system grid especially in its 

power factor. The specialization of this system is that it can 

detect, analyzed and responded to the many perturbations 

from the original energy source and renewable energy source 

using intelligent devices, advanced control methods and 

digital telecommunications on electrical bus networks. This 

concept is the outcome of advanced technology and 

regulation from various stakeholders who are concerned with 

demand-side management and increased usage of Renewable 

Energy Source (RES). This system is under development and 

it is predicted to be a dynamic, reliable, flexible, and diverse, 

and it can be fully controlled. This new scenario will enable 

power operators to maximize the power quality, such as in 

Total Harmonic Distortion (THDi), Power Factor (PF), 

current and voltage balancing. Therefore, this will give 

environmental targets and will provide power systems to be 

more flexible in supporting plug-in distributed generation [4]. 

 

II. POWER FLOW STUDY 

 

The power flow study, also known as a base case, is a tool 

which is significantly important in applying numerical 

analysis in a power system. Various software applications are 

used to perform a variety of analysis; such examples are 

short-circuit fault analysis, stability studies (transient & 

steady-state), unit commitment and economic load dispatch 

analysis. Specifically, some programs use linear 

programming in search of optimal power flow, the conditions 

which give the lowest cost per kilowatt-hour delivered. 

Power systems as well as finding the best operation of 

existing systems can be expanded in future using power flow 

or load-flow studies. The primary facts attained from the 

power flow study is the degree and phase angle of the voltage 

at each bus and the real and reactive power flowing in each 

line. Load flow studies are achieved using computer software 

which simulates actual steady-state power system operating 

conditions, enabling the evaluation of bus voltage profiles, 

real and reactive power flow and losses. Directing a load flow 

study using various scenarios helps to ensure the design of a 
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power system which sufficiently satisfies the performance 

criteria. [5]. 

The main reason for a power flow study is to acquire a 

voltage angle and magnitude information for each bus in a 

power system for specified load and the generator’s real 

power and voltage conditions. Numerical methods are 

engaged to obtain a solution that is within an acceptable 

tolerance due to the nonlinear nature of this problem. A fix to 

the problem starts by obtaining the known and unknown 

variables in the system. The known and unknown variables 

are reliant on the type of bus. Generators that are not 

connected to a bus is called a Load Bus. With an exemption, 

a bus with at least one generator connected to it is called a 

Generator Bus. The exception is one arbitrarily-selected bus 

that has a generator. This bus is referred to as the Slack Bus 

[6,7]. In order to measure the influenced the STATCOM, 

SSSC and UPFC in controlling the grid voltage, power flow 

study is necessary.  Furthermore, in the planning stage, flow 

studies are carried out to determine the assessment of ratings 

for STATCOM, SSSC and UPFC. Also, in a stability study, 

load flow solution is required to establish the initial operating 

point. Thus, power flow studies are indeed one of the most 

fundamental studies necessary to be carried out before 

implementing any STATCOM, SSSC and UPFC in a power 

system. [8].  

 

III. IEEE 14-BUS TEST SYSTEM 

 

The data of test system applied in this study is from IEEE 

14-bus test system. The single line diagram of the 14-bus test 

system is shown in Figure 1. 

  
Figure 1: IEEE 14-bus test system [9, 10]. 

 

The MATLAB/PSAT software is used to apply, test and 

analyse data sampling. From the application of the simulation 

software, the data sampling will be obtained from the IEEE 

standard bus system, The IEEE 14-bus test system was 

studied using the PSAT programs to obtain the system P-V 

curves and perform time domain and eigenvalue analyses to 

study the general performance of the system [9, 10].  

The FACTS controllers were placed on location in such a 

way that the capability of FACTS controllers to compensate 

a particular bus or line could be optimized. Therefore, it is 

best if the FACTS controllers would be located shunt with the 

weakest bus (in the case of shunt connected FACTS 

controllers) or series with a line that has the lowest percentage 

of underutilize capacity or higher power losses in the selected 

voltage magnitude profile (in the case of series connected 

FACTS controllers). 

Consequently, in order to govern the weakest bus and the 

underutilized line in the test system, power flow analysis was 

applied. The test system was analyzed without the FACTS 

controllers and hence the original performance of the test 

system was required. Voltage magnitude profiles (bus voltage 

in per unit versus the increasing loading parameter) for all the 

buses in the test network were plotted and the bus in which 

collapses the worst among other buses has been selected as 

the weak bus. Alternatively, relying on the power flow report, 

the most underutilized line or higher power losses in the 

selected voltage magnitude profile were determined. The line 

in which has the lowest power flow out of its total rating was 

selected as the line that needs series compensation [11]. 

Subsequently, the location of the FACTS controllers’ is 

determined, the FACTS controllers were inserted in the tested 

network. The series FACTS controllers, SSSC were placed in 

series with the selected line. The shunt FACTS controllers, 

STATCOM would be placed in parallel with the selected bus. 

Based on the lowest voltage magnitude, then following by 

underutilized line or higher power losses in the selected 

voltage magnitude profile determined earlier, the shunt-series 

on the line is used. The series part of compensator connected 

in series with the line and shunt part of compensator shunted 

with the bus. The compensator would be placed in the middle 

of the line, resulted in the line impedance divided into two. 

The series shunt FACTS controllers, UPFC will be 

implemented. The performance of each FACTS controller 

will be compared. A power flow would be used for the 

process of evaluating the performance of FACTS controllers. 

Voltage profile for every bus and the power flow for each line 

will be acquired.  

The power flow was first used on the test system without 

the deliberation of FACTS controllers (base case) to obtain 

the performance of the system without any compensator, and 

hence attained the location for FACTS controllers’ 

placement. The application of power flow in the system 

yielding the voltage magnitude profile of each bus and also 

the power flow report that was used in the determination of 

location for FACTS controllers. Shunt controllers were 

placed at the bus in which has the worst voltage profile. While 

series FACTS controllers on the other hand, were placed in 

series with the line that has the uppermost percentage of 

underutilized capacity or higher power losses in the selected 

voltage magnitude profile. Note that the FACTS controllers 

were implanted one at a time to ensure the performance of 

each FACTS controller could be observed and analyzed. [12]. 

 

IV. RESULT AND ANALYSIS 

 

The IEEE 14-Bus Test System as shown in Figure 1 

consists of 14 buses and 11 loads. The total generation and 

load for the system are 392.03 MVA and 204.24 MVA 

respectively. Voltage magnitude profiles as shown in Figure 

2 and power flow result as shown in Figure 3 were plotted to 

determine the weakest bus for the base case system. 
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As depicted in Figure 3, there have two buses that the 

voltage magnitude below 1p.u. The lowest voltage magnitude 

is 0.99659p.u which is bus 14, following by bus 4 with 

0.99782p.u. After some comparisons, it was obtained that bus 

number 14 and 4 severely collapsed due to the increasing 

load. With this, bus 14 and bus 4 was selected to be the 

location of FACTS controllers’ placement. Three testing 

method will be used to analyze the result. The method is 

explained as below: 

 

i. Testing method 1 (green label and yellow label):  

Inject STATCOM at bus 14 and SSSC at bus 4.  

 

ii. Testing method 2 (green label only):  

Inject STATCOM and SSSC at bus 14.  

 

iii. Testing method 3 (green label only)  

Inject UPFC at bus 14. 

 

 
 

Figure 2: Voltage magnitude profile for base case.   
 

 

 
 

Figure 3: Power flow results 
 

 

A. Simulation of Wind Integration System with 

STATCOM and SSSC Using Testing Method 1. 

The weakest bus in the system was at bus 4 and bus 14. 

Therefore, STATCOM will be placed at bus 14, while SSSC 

will be placed at bus 4, to simulate the effect and the 

performance of shunt and series FACTS controllers to the 

system. The Simulink models were simulated using the power 

flow method. The voltage magnitude profile was shown in 

Figures 4 for the wind integration system with and without 

STATCOM and SSSC using testing method 1. From the 

graph, we can see the voltage magnitude was improved after 

injected with FACTS controllers. Figure 5 shows the details 

about the power flow results for voltage magnitude profile. It 

is clearly shown that the voltage magnitude for bus 14 

increased from 0.99695p.u to 1.045p.u and bus 4 increased 

from 0.99782p.u to 1.0185p.u. 

 

B. Simulation of Wind Integration System with 

STATCOM and SSSC Using Testing Method 2. 

In this case, STATCOM and SSSC will be placed at bus 

14, to simulate the effect and the performance of FACTS 

controllers to the system. The voltage magnitude profiles for 

the wind integration system with and without STATCOM and 

SSSC using testing method 2 is shown in Figure 6. The details 

on power flow results for voltage magnitude profile is shown 

in Figure 7. One can observe that the voltage magnitude for 

bus 14 increased from 0.99695p.u from base case to 1.045p.u. 

 

C. Simulation of Wind Integration System with UPFC 

Using Testing Method 3. 

In this case, UPFC will be placed at bus 14, to simulate the 

effect and the performance of FACTS controllers to the 

system. The voltage magnitude profiles for the wind 

integration system with and without UPFC using testing 

method 3 is shown in Figure 8. The details on power flow 

results for voltage magnitude profile is shown in Figure 9. It 

is show that the voltage magnitude for bus 14 increased from 

0.99695p.u to 1.045p.u. 

 

 
 

(a) Without FACTS Controllers  
 

 
 

(b) With FACTS Controllers 

 

Figure 4: Voltage magnitude profile after injected with FACTS Controllers 
using testing method 1. 
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Figure 5: Power flow results by using testing method 1 

 

 
 

(a) Without FACTS Controllers  
 

 
 

(b) With FACTS Controllers 

 

Figure 6: Voltage magnitude profile after injected with FACTS Controllers 
using testing method 2. 

 

 
 

Figure 7: Power flow results by using testing method 2. 
 

 
 

(a) Without FACTS Controllers  
 

 
 

(b) With FACTS Controllers 

 

Figure 8 Voltage magnitude profile after injected with FACTS Controllers 
using testing method 3. 
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Figure 9: Power flow results by using testing method 3 
 

Table 1 

Simulation Results for the testing. 
 

Sample 
Method 

Bus/Line Power 
Factor 

P Losses 
[p.u] SSSC STATCOM UPFC 

0 
1 

2 

3 

- 
2-4 

14-13 

- 

- 
14 

14 

- 

- 
- 

- 

14-13 

0.89 
0.91 

0.91 

0.91 

0.2943 
0.19243 

0.22513 

0.22513 

 

The overall simulation results I showed in Table 1.The 

power factor for base case is 0.89, while the real power losses 

are 0.2943p.u. For the method 1, SSSC is applied in line 2-4 

and STATCOM is applied at bus 14. The power factor for 

method 1 is 0.91 and the real power losses are 0.19243p.u. 

For method 2, SSSC is applied in line 14-13, while 

STATCOM is applied at bus 14. The power factor for method 

2 is same as the power factor in method 1, which is 0.91. But 

the real power losses for method 2 are slightly higher than 

method 1, which is 0.22513p.u. That made the method 2 

transferred less power than method 1. For method 3, we use 

UPFC as FACTS controllers. It used to prove that their effect 

will be the same with SSSC and STATCOM which is in 

method 2. It is because UPFC is a combination of shunt-series 

compensator that is SSSC and STATCOM. The UPFC is 

applied in line 14-13. From the table, we can see the power 

factor and real power losses for method 3 are 0.91 and 

0.22513p.u, same with the method 2. From the results, we can 

conclude that the best method is method 1, which is obtained 

0.91 for power factor and 0.19243p.u for real power losses. 

That meant method 1 transferred more power to the system 

than the other method. Therefore the power losses are less 

than the other method. 

 

V. CONCLUSION 

 

The purpose of this study is to identify the effect of hybrid 

FACTS controllers in term of power factor and power quality 

improvement when implementing it in power system. The 

performance of each FACTS controllers used has been 

evaluated. The FACTS controllers’ locations are tested at a 

different location and found that location of FACTS 

controllers gives different amount of losses and power factor 

improvement. Therefore, it could be concluded that specific 

type of FACTS controllers would improve some of the power 

system parameters, by depend also on the injected locations. 

This study has successfully tested at the 14-bus test system 

and optimal location of STATCOM, SSSC and UPFC also 

had been determined by refer to the voltage magnitude and 

power losses. The performance of the power system with 

different location of the device also had been analyzed and 

found that SSSC and STATCOM give better effect to the 

performance of the system than UPFC. As a conclusion, the 

power factor and power losses can be improved by employing 

hybrid FACTS controllers at the rights locations.  
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