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The industrial development, lifestyle and modernization of the management
sectors in Algeria have led to an increase in demand for electricity power in
recent years and an increase in demand for the energy sector. This high
demand for power has led to problems with voltage drops, particularly as
regards the quality of this voltage during periods peak load. Thanks to
research on the development of the electricity transmission system in the
South-West region of Algeria and based on the theoretical results. We have
obtained an optimal solution for the location of the regulation systems for
voltage and the frequency in the substations that exhibit strong violations and
periodic static destabilization, in particular, the stations at the end of the

Dispatching . 220Kv transmission lines. The techniques of modeling and controlling the
Power Integration voltage per frequency (Hz/V) as well as the critical analysis variants have
PV been studied and confirmed using advanced real-time numerical simulation.
Real Time L . .
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1. INTRODUCTION

The growing demand for energy and the development of decentralized generation systems have led
to great progress in the field of quality control of voltage and active and reactive power. Nevertheless,
the regulation of the quality of energy and the appearance of new compensation devices have allowed a better
control of the electrical energy. The more the network grows the more complex it becomes, difficult to
control and its margin of stability decreases [1, 2]. For this, the structure of the southern network requires
the operator to find an optimal solution to the problems relating to compensation in order to maintain
the stability of the electrical system and continuity of service. Interest in the installation of electronic power
devices in substations has increased significantly in recent years. In fact, static converters can meet
the quality requirements imposed by the electric power supplier and ensure the proper functioning of
the substations [3]. The control aspects of reactive power and voltage stability are effective for the reliability
of power grids. Voltage instability usually occurs because of a reactive power deficit. Therefore, the control
of the reactive power and the voltage is one of the major challenges for the dispatcher of the electrical
networks [4, 5]. Electrical grid analysis and planning has not only helped to control power systems, but also
to develop these systems, including lines, transformers, and reactive compensation [6]. Consequently,
the optimal supervision of integration of renewable energy resources (photovoltaic and wind) and reactive
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power control devices in electrical networks call for real-time status information to synchronize between all
the sources in the network, so improve energy efficiency and voltage profiles of substations under different
operating conditions [7,8]. The good quality of electrical powers and the continuity of services play the
crucial role in the optimal management of the electric network on the one hand, and on the other hand, the
compensation of the reactive power transmitted is the means that ensures the stability of the voltage and
increasing the flow of active power [9]. The shunt compensation can be installed near the load, in a
distribution station, along the distribution outlet or in a transport station. Each application has different
objectives. Reactive shunt compensation can be inductive or capacitive. At the load level, at the distribution
station and along the start of the distribution, compensation is generally capacitive [10,12].

2. LITERATURE REVIEW
2.1. Reactive energy compensation

The transmission of reactive power by distribution lines and transformers has many drawbacks with
regard to the construction and operation of the electrical system. Active losses are increased and a higher
cross-section of the lines is sometimes required. Reactive losses (transformers) are also increased [13, 14].
The reactive power has always been difficult to achieve a balance between a minimum amount of reactive
power flow Q and a sufficient amount of reactive power flow to maintain a proper voltage profile of the
network (maximizing active power flow capacity P) [15, 16]. The voltage setting on an electrical network is
strongly related to reactive power transits [17]. The first step to maintain the voltage at a correct level is to
minimize these transits, forcing customers connected to the network to limit their reactive power
consumption (the loads are in fact mainly inductive) [20]. This reactive power compensation is usually done
through capacity banks connected to the bus bar of the arrival of the station. An alternator can also perform
it, at least partially. The power factor (PF) is equal to the ratio of the active power P MW to the apparent
power S MVA [11]. The power factor or almost Cos(¢p) and tan(¢p) are linked by the following relation:

1
L8O = Fter @

with: Cos(p) = g tan(p) = %

The reactive power plant Q, and apparent power S, a bank of capacitors Qc power is installed.
—  The reactive power goes from Q to Q ":

—  The apparent power goes from Sto S .

—  The apparent power after compensation S 'is therefore decreased.

—  The capacity of compensation by the capacitors is calculated by:

Qc = 3.UC.w ..a
¢ = Mol -wn) ) @
3.Uw

with: Q' = Q - Qc

Figure 1 shows the diagram of the compensation of the reactive energy by the compensation capacitors.

Figure.1 Fresnel representation of active, reactive and apparent power vectors

The maximum transferable power P,,,, given by [21]:
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So, The relative loss of transmissible power Ap is [17] :
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2.2. Voltage drop in a ps load

When the currents are very high, the voltage drops in the Ohmic resistances of the primary and
secondary transformer windings and in the leakage, inductors must be taken into account [22, 25].
The magnetizing current and the iron losses remain linked to the flux. In practice, the voltage drop in
the primary resistances and reactance is weak in front of the voltage by using the Kapp equation,
we will have [24]:

22Uy = Uy + (Rs + jwloly )
1

with:

Ul and U2: Primary and secondary voltages,

Rs and Is: Resistance of the windings and the inductance of leaks brought back to secondary.

nl and n2: Number of primary and secondary turns.

In reality, Rs 12, and Is are weak in front of U2 and we can often use a simplified relation, we can build
the in addition, the voltage drops in the system are increased, hence the need to choose a higher regulation
range of tap changers for autotransformers in normal situation (N) or another method of which the most
recognized is the disconnect of charge in critical situation (N-1) called the electrical load shedding [26-28].
The voltage drop of a transmission line for the three-phase AC system is given by the following
equation [29]:

100% - P, -1 100% -/3-1;-cos @ - 1
U= max "t _ 1 [ (6)

K-A-U2 U-A-k

with: A = cross-section, | =line length, Il = line current, P = active power to be transmitted, k = electrical
conductivity, U = phase-to-phase voltage, u = relative voltage (%), cos ¢1 = power factor

Fresnel vectors associated with the voltages, the equation of the voltage drop: \The voltage drop is a
difference of the RMS values of the unloaded and unloaded secondary voltage for the same primary
voltage Ul.

AU, = Abs(U, — Uy, (7)

AU,

Figure 2. Fresnel representation of voltage vectors [30].

Using Figure 2 the projection on the axis ab, the development of the equation gives [26]:

AU, = (Rscos (¢2) + Xssin (¢2))], )]

The voltage drop is proportional to the current output and the nature of the load.
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By adjusting the reactive power Q. in low voltage bus delivered to the electrical network, a TSC
makes it possible to adjust the voltage U; of the network according to the formula [28]:

AU; _ Qcrv _ Prv(tan(@pusi)-tan(@pusz)) ©)
Vi S Jreci+ace?

with:
A . L
7", Represents the relative voltage variation,

Scc, The short-circuit power of the network.

3. RESULTS
3.1. System description
The studied system is composed as indicated in Table 1 below:

Table 1. Description of the electrical system

Central TG/CC
Generator
02
5 Load buses Generator buses
uses 17 02
Transformers 10
Lines 22

3.2. Voltage control and transit limits
Table 2 below illustrates the voltage and transit limits;

Table 2. Limit of node voltages and transits under normal conditions

Voltage Lower limit upper limit
220 KV 0.93 pu 1.09 pu

60 KV 0.93 pu 1.09 pu
Transits

Line 80 %

Transformer 80 %

Figure 3 shows the implementation of the study model in the RT simulator.
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Figure 3. The model to study under the RT simulator
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3.3. Simulations results

The results were calculated by the accelerated Gauss-Seidel method with the acceleration factor of
1.45 and a precision of 107,
Case 01: calculation without compensation

The results obtained for 220/60 kV voltages without compensation are shown in Figure 4.

Profil de tension en pu sans compensation

Bus 14

Bus 13

Bus 12 Bus 9
Bus 11 Bus 10

Figure 4. Variation of load voltages according to the marginal and critical nodes
without compensation (PF)

Case 02: Calculation with optimal compensation
The Figures 5 shows the change in the voltage according to the known powers:

Profil de tension en pu avec compensation

Figure 5. Variation of the load voltages according to the marginal and critical nodes
with optimal compensation (OPF)

4. DISCUSSIONS

From the Figure 4, it is noted that there are violations in voltage in 08 different stations of levels
220/60 kV respectively. We have two types of violations, either critical or marginal in the normal situation N
at the peak of a summer day in July 2018. The radial type network, and subsequently the voltage drops in the
remote stations due to the large loads consumed is very logical. This problem appears clearly in the nodes
mentioned in figure 4, and in particular in the following critical nodes: Bus 2, Bus 3, Bus 6, and Bus 14 they
are located in the end of the line. After several alternative optimal installation of the compensation means in
the network nodes, the optimal stations located for the compensation are as follows in Bus2, Bus 9, and Bus
12. The optimal solution proposed is to install a capacity of eight Mvar on the two nodes: bus two and nine
and another capacity of 10 Mvar on the node: Bus 12. The optimal compensation of reactive in these nodes
will strengthen the margin of stability for power transmission in the southern region of Algeria.
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3.1. PERTES ACTIVES DU SYSTEME
The Figure 6 shows the results of active losses during peak hours without and with optimal
compensation:

Pertes actives totales

LOSS-MVA

LOSS-MVAR

LOSS-MW

m-:g fE

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00

OReduction% @ Avec compensation B Sans compensation

Figure 6. Total active losses

In Table 7 presents the results of the active losses in the different cases with the rate of reduction.

Table 7: Reduction Total active losses
Loss-MW Loss-Mvar Loss-MVA

Without compensation (PF) 12.40 83.69 84.60
With OPF 10.92 81.15 81.88
Reduction % 11.91 3.04 3.22

The results obtained show that after compensation of the reactive energy, the active losses of the
system are reduced. The loss reduction rate using conventional compensation means in substations with
voltage violations is estimated at 11.91% compared to the first case, which increases the capacity
of transit power.

5. CONCLUSIONS

We have studied the problem of optimal control of voltage and reactive power in radial type
network of the SAIDA-Becher area located in south-west of Algeria. The choice of location of the
compensation point is of crucial importance for maintaining the voltage within the permissible limits and
resolving the voltage drops in the 60 kV substations. This scenario planning for the South-West Algerian
power grid is very useful, it will make it possible to predetermine the next state of the network for a given
production plan as well as for a demand in fixed power, there exists a priori an infinity of plans of production
possible. For this, the optimal distribution of the power appeared to optimize the production on the various
power stations and to maximize the transit of power while continuing to satisfy this demand in an economical
and reliable way. The advantage of using digital environments has made it possible to improve the quality of
the study and to save a lot of time, in particular in the technical problems that it contains the algorithms and
its convergence problems.
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