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Résumé  
 

Le rôle phare que joue l’énergie électrique comme levier 

du développement économique et sociale des pays se 

traduit clairement au niveau de l’accroissement sans cesse 

de la consommation de cette énergie difficile à conquérir 

en termes de réalisation de nouveaux ouvrages. Ainsi les 

réseaux électriques sont exploités de plus en plus près de 

leurs limites de sécurité et de stabilité. Les conditions 

d'exploitation des réseaux deviennent complexes, d’autant 

plus que les variables caractéristiques du réseau sont 

toutes liées, l’objectif de ce travail c’est le développement 

d’un nouveau concept de régulation coordonnée  des 

paramètres électriques du réseau  à base de  technologie 

FACTS.  

 

Abstract  
 

The important role played by the electric power as a lever 

for economic and social development of countries is 

clearly reflected in the ever-increasing consumption of 

this energy, which is difficult to follow in terms of 

production and new infrastructures. The power systems 

are operated closer and closer to their limits of safety and 

stability. The operating conditions of networks become 

more complex, especially as the characteristic variables of 

the network are all connected; the objective of this work 

is the development of a new concept of coordinated 

regulation of the electrical parameters of the network 

based on FACTS technology. 

 

1. INTRODUCTION 

In recent years, the conduct of power grids has witnessed 

a change at the operational level mainly due to the 

technological progress in terms of transmission and the 

Control-Command. In this work, we will try to propose a 

new mode of coordinated regulation of the network 

providing the ability to influence key parameters for its 

stability and reliability. 

 

 

 

 

2. DESCRIPTION OF POWER GRIDS 

Power grids are designed to ensure adequate and efficient 

delivery of electric power between producer and 

consumer. This possibility explains the complexity of this 

network and its advanced role in the chain of the electrical 

system control in terms of 'production-consumption 

balance and stability. 

 

2.1. Topology 

Power grids, as shown in the Figure 1, are scaled on 

different voltage levels both for various reasons related to 

the need for the delivery of electricity at high voltage, to 

the resistance of the material and for different purposes 

that are generally summarized into three functions: 

generation, transmission and distribution, the details of 

the different components are presented in [1]. 

 

 

Figure 1: Configuration of power grid 
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2.2. The dependability   

The reliability of a power system is due essentially to the 

level of adequacy and safety of the various structures 

aiming at ensuring continuity of service within acceptable 

operating ranges. 

 

Adequacy is related to the existence of sufficient facilities 

to meet consumer demand and/or to face constraints of 

the system. This includes the installation of the materials 

needed to generate electricity and the transmission and 

distribution lines required for the delivery of energy to 

consumers. 

 

Security is linked to the system's ability to respond to 

disturbances. These include conditions associated with 

local or widespread disturbances, and sudden loss of 

generation, transmission or distribution facilities. The 

variety of hazards that may likely affect the power grid 

requires the measurement of the security level or degree 

of stability largely dealt with in [2] temporally in the 

following different forms: Static, Dynamic and 

Transitional. 

 

2.3. Aim of the study 

This study will focus on the electricity transmission 

network for its major role in the chain of control of power 

systems. 

3. PRESENTATION AND ANALYSIS OF THE 

ISSUE 

In order to besiege the problem addressed, our approach 

was based on examination of the relationship between the 

intrinsic parameters of the transmission and their impact 

on increasing its vulnerability. 

 
In the following paragraphs, we will analyse the role of 

the reactance of electrical transmission lines as the major 

parameter in the conduct and reaction of the grid to 

different hazards. 

 
Dans ce qui suit nous allons détailler le rôle de la 

réactance des lignes de transport électriques comme 

paramètre majeur dans le comportement et la réaction du 

réseau électrique aux différents aléas. 

 

3.1. Electrical parameters of a transmission line [3]  

We will adopt the simplified diagram in Figure 2 for the 

development of equations of the point (3.2) by neglecting 

the capacitive effect of the line. 

 

 

 

 

 

 

 

 

 

 

 

RL   la résistance totale de la ligne 

XL = L.  la réactance totale de la ligne 

Xd  la réactance synchrone de l’alternateur 

 

3.2. Study of the impact of the reactance  

We will study the influence of the reactance on the 

physical phenomena manifested at the level of electrical 

transmission networks. 

 

We will neglect the resistance of the line to its reactance. 

Maximum power transit 

Equation (1) shows the relationship between the 

maximum power transmitted and the network parameters. 

 

                                                                                       (1) 

 

We can notice that the maximum transit power is in 

inverse proportion to the reactance of the line. 

 
The expected outcome of an action on the reactance 

appears to be important to strengthen the capacity of 

transit power lines required to serve loads with a rising 

power demand. 

 

Voltage drop 

Equation (2) highlights the relationship between the 

voltage drop and the network parameters. 

 

 

                                                                                       (2) 

 

 

We can notice that the voltage drop is proportional to the 

reactance of the line. 

 

Load Flow 

The calculation of load flow allows the determination of 

the electric state (current, voltage and power) at various 

nodes constituting the network. 
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Figure 2: Single phase diagram of a simple network 

 

Figure 3: diagram of a simple network node  
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As illustrated in a simple case of Figure 3, the resolution 

of power assessments at each node allows to determine 

the complex voltages at each point and; thus, to infer the 

power flows in the network. 

 

We can observe the dependence of load distribution with 

the reactance of power lines network. 

 

Cascade of overload 

In a normal state (say "N"), the power flows through the 

different "branches" of the mesh network. 

 

 

 

 

 

 

 

 

 

 

 

 

If a line is cut (say "N-1"), the power flows are retained 

on the remaining lines. It is then possible, because of a 

delayed transit, that a line is overloaded  

(P> Pmax) and that in turn sets off to create a "Domino" 

effect, which is the source of an important number of 

blackout [4]. 

 

 

 

 

 

Synthesis 

We can conclude, from the foregoing, that the reactance 

of power lines is a key parameter in the indicators of 

network performance and degree of stability. 

4. DÉVELOPMENT OF CONCEPT  

4.1. Description of concept 

 

Based on our last summary, it follows that the 

development of a means to control and coordinate the 

regulation of the reactance of power lines will help 

migrate to a new way of driving the network. This latter 

can act on parameters which have, up to now, been 

imposed by the topology (reactance) of the network. 

 

4.2. State of art - Service Systems - 

 

We present below our collection of coordinated control 

means used in electrical networks and often designed by 

services and systems. They aim at achieving the following 

objectives: 

- Ensure at all times the balance between production and 

consumption, 

- Maintain the tension within the contractual limitations at 

any point in the network, 

- Guarantee an operational reserve of additional energy 

that must be available to meet unforeseen needs, 

- Maintain, by appropriate measures, the performance of 

the electrical system in case of disruption, particularly in 

order to limit the power flows at acceptable levels for 

transport equipments and to improve the system, 

- Ensure restart capability (blackstart) of the electrical 

system after a blackout. 

 

The Principle ‘Service Systems’ regulation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The coordinated regulation [6] at the level of power grid 

is operated at three levels; namely, primary control, 

secondary and third and acts on two parameters of voltage 

and frequency. 

 

 The  regulation of tension  

• The primary control: acts locally with a time 

constant of 100 ms on the voltage across the 

groups to meet rapid changes in the voltage that 

can be caused by variations of reactive power 

demand , by defects or by drills on the network, 

• The secondary control voltage (RST) aims at 

addressing, in a coordinated way, strong but 

slow voltage fluctuations on a regional scale, 

which the primary control cannot provide alone. 

• The third control, performed by the national 

control center, is to reassess, at intervals, the 

voltage set of nodes of each pilot control area 

according to technical and economic criteria [7]. 

 

The regulation of fréquency  

• The primary control: speed control carried out 

individually by each generator by static groups; 

for example, the frequency is stabilized but to a 

value different from the nominal value during a 

load change. 

• Secondary control: overall frequency controller 

that modifies the target power output of certain 

groups in order to regain the nominal frequency 

and the original powers on the interconnection 

lines [8]. 

• The third control: optimization of the dispatching 

of powers provided by the different plants 

according to economic criteria [7].  

Figure 5 : State N-1 

 

Figure 4 : State N 

 

Figure 6 : Tension Regulation – Frequency [5] 

 



 

 

Tableau 1: Power installed (in MVA) 

 

Limitations of ‘Service Systems’ 
We can notice that the current mode of electrical 

networks regulation is achieved by the alternators forming 

the network. This situation generates vulnerabilities in the 

conduct of the power grid summarized as follows: 

- Network stability indicators are measured in terms of 

generators, and that does not necessarily reflect the same 

level of stability of the network at all nodes. 

- The need to improve the response time of the regulators 

in relation to the dynamics of defects registered in the 

grid. 

- Under-utilization of network capacity due to the lack of 

coordination between security and adequacy of the 

network (ex. the cascade of overload). 

 

Conclusion 

We conclude, from what is said above, that a coordinated 

regulation capable of acting locally will help protect the 

network from some hazards that are stimulated by the 

topology of the network. 

 

4.3. Principle of the studied concept  

 

Principle 

The concept is to migrate to a new mode of regulation of 

the electricity network coordinated by the addition of a 

device FACTS (Flexible AC Transmission Systems) in 

the arteries of power lines to act on the equivalent 

reactance. These FACTS will be ordered from a 

centralized processing centre (Dispatching) according to 

algorithms and converging towards the following 

objectives: 

 

- Ensure the balance of transit on the alternators of the 

Production plant, 

- Improve the maximum transmitted power of the power 

lines,  

- Adjust the network topology in case of delay of a critical 

load on a line in order to reach stable states. 

- Compensation of the reactive energy at the network 

level, 

- Limitation of the short-circuit currents, 

- Loss reduction with the technical and economic gain it 

engenders [9], 

- Stability of exchange at the level of interconnection 

network, etc.. 

This will allow acting on three levels: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- The regulation of generators on the basis of the 

measurement of both the indicators of network stability at 

the generator and the indicators emanating from network 

nodes. 
- The regulation of transmission lines by action on the 

FACTS that will change the 'distances' power. 
- The regulation of charges based on the reactive power 

compensation and harmonic elimination. 

 

We come to conclude, from our review of the literature 

[10] [11] [12] [13], that the development of solutions 

based on FACTS devices in power system is limited to 

some network settings without any implication to 

integrate all the network parameters that are 

interdependent. Our approach, therefore, is to suggest a 

coordinated regulation that best meet the different 

concessions imposed by the grid. 

 

The systems of flexible transport AC (FACTS) 

The term "FACTS" applies to all systems that are based 

on power electronics and used to alternatively transport 

energy. The main systems are listed as follows: 

 Reactive power static compensator (VAR) SVC 

(Static Var Compensator), 

 TCSC (Thyristor-Controlled Series Capacitor) 

[14], 

 Phase-Shifting Transformer PST and Assisted 

PST, 

  Synchronous Static Compensator STATCOM 

[15], 

 Synchronous Static Series Compensator  SSSC 

[16], 

  Universal Power Flow Controller UPFC  [17], 

 

4.4. Results  

Network subject to our study 

The study focused on the national transportation system in 

collaboration with the System Operator Department of the 

National Electricity Office, responsible for the 

management of the national power grid. 

Table 1 and 2 show the configuration of the national 

transportation system in terms of books by end-2010.  

 

 
Number of 

Transformers  
Power installed 

(MVA)  

THT/HT 125 16 000  

HT/MT 394 5 917 

Total 519 21 917 

 

 

THT/HT 20 877 km  

MT 68 310 km  

BT 162 385 km  
Total 251 572  

 
Tableau 2: lines length (in km) 

 

Figure 7 : Transport network 
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Simulation tool 

We have adopted the PSS-E used by the National 

Electricity Office. It is a market leader software 

developed by an American company, PTI. This software 

is widely used in North America (it has been used to 

model the network electric New York). 

 

Results 

We have studied in static the case of the 60KV Line SB 

release that triggers load transfer that followed the 225 

KV line TM. 

 

From the network topological data, we can perform a 

calculation of load distribution and check the electrical 

constraints namely nodal voltages. They must range 

between the accepted minimum and maximum values  

and the thermal constraints which result from the currents 

and the transited powers on the branches that should not 

exceed the provided constructive values. 

 
As shown in simulation results of Table 3, the line is 

charged at 54% of its capacity in a normal operating 

condition. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4 shows that after the release of the TM 225 KV 

line, the line SB 60 KV passes to 113% of its maximum 

load, which causes the overload trip. 

 

These first results allowed us to feel positive about the 

simulation model adopted taking the consideration that 

the results are similar to the recorded events of the 

overload trips of the line studied. This has pushed 

network managers to exploit it with a cutting open point.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to bring a solution to the problem, we inserted a 

FACT serie with equivalent reactance of 10 Ω. Table 5 of 

the simulation results shows that we shift to a loading rate 

line of 93%, remaining within the normal operating 

ranges. 

 

 

Synthesis & openings 

The real case simulation has allowed us to partially 

measure the austerity of the proposed solution. In later 

stages, we will develop the analysis of other dimensions, 

the study of the critical effect of the proposed concept on 

the network, and the necessary means of adjustment. 
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Tableau 3 : Normale exploitation  

 

Tableau 4 : State after the release of line 225KV 

 

 

Tableau 5: State after the release of the line 225KV 
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