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Abstract 
 

The injection of photovoltaic electricity into the distribution grid has harmful impacts on the electrical grid which limits 
this injection and causes the malfunction of the electrical grid. This is why it is necessary to seek the optimal power of 
photovoltaic electricity to be injected into the interconnected grid already unstable. The site considered for this study is the 
33 MW photovoltaic power plant of Zagtouli which must inject its electricity production into the national interconnected 
grid of Burkina Faso, from the Zagtouli substation located in Ouagadougou. In the NEPLAN software, the scenario adopted 
consisted in varying the power of the photovoltaic electricity injected at the injection point of the Zagtouli substation until 
an overload of one or more elements of the network was observed. The simulation results showed that the maximum power 
of photovoltaic electricity that can be injected at the Zagtouli substation is 20 MW and those, without regulating the voltage 
of the unstable network. For photovoltaic powers between 20 MW and 70 MW, voltage and active power regulation are 
necessary. The results of this study can be used to optimize the injection of electricity from photovoltaic power plants into 
the interconnected national electricity grids of West African countries, which are experiencing the same instability 
problems as the national interconnected network of Burkina Faso. 
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1. Introduction 
 
In developing countries, the demand for electricity is growing 
more and more, in particular due to demographic changes and 
the development of certain geographical areas. For a number 
of years, West African countries have been plunged into a 
major energy crisis marked by grid outages and load 
shedding. In this context, it is essential to resort to the 
production of electricity from renewable sources. Because of 
the enormous solar potential of this sub-region, the 
establishment and integration of photovoltaic power plants in 
national electricity grids are prioritized to deal with this 
energy crisis. Major photovoltaic electricity injection projects 
are planned to improve the supply of access to electrical 
energy [1].  
 In West Africa, many large-capacity photovoltaic solar 
projects with injection into national electrical grids have been 
carried out. This is the case of the 6.5 MWp photovoltaic 
power plant of Praia in Cape Verde [2], the 33 MWp 
photovoltaic power plant of Zagtouli at Ouagadougou in 
Burkina Faso. In Togo, it is a photovoltaic solar power plant 
with a power of 50 MWp, installed in the city of Blitta and 
connected to the national electrical grid. Other photovoltaic 
power plants are ongoing construction, such as the Awandjélo 
solar power plant. With a power of 42 MWp, this installation 
will be connected to the national electrical grid of Togo. 
 However, the injection of electricity from a photovoltaic 
power plant into the distribution network can have impacts on 

the electricity network [3-4]. In addition, the characteristics 
and disturbances of the distribution network can influence the 
operation of the photovoltaic power plant [5-6]. The injection 
of photovoltaic electricity causes a local rise in the voltage at 
the injection point. This problem was tested by Hadj Arab et 
al. [7]. Even with low injected power, they noticed that the 
voltage at the injection point was high. According to Thi Minh 
Chau Le, during a period of strong sunshine and low 
consumption, the injection of photovoltaic electricity creates 
an overvoltage at the injection points. The voltage of some 
nodes of the network can exceed the admissible threshold 
which causes the decoupling of the photovoltaic power plant 
[8-9]. Another consequence of the injection of photovoltaic 
electricity is the pollution of the electrical network by 
harmonics. It generates harmonics that disturb the voltage 
waveform [10]. When this is not sinusoidal, there will be a 
malfunction and overheating of the receivers and equipment 
connected to the network [11]. The injection points of 
photovoltaic power plants are located at the level of the 
distribution network [12]. However, the distribution network 
is designed to transport power flows from the source 
substation to the consumers. Sometimes production exceeds 
consumption, which creates an upward flow of active power 
[13-14]. If the photovoltaic electricity injection rate is high 
enough, the energy flows from the distribution network to the 
transmission network, which causes local congestion. 
According to ZERKOUT et al. [15], the multiplication of 
photovoltaic injections into the network is one of the reasons 
for the increase in the number of congestions [16]. The 
injection of photovoltaic electricity causes the imbalance 
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between phases [17]. In the case of the use of single-phase 
inverters, an imbalance between phases appears, because the 
power produced is not correctly distributed between the three 
(3) phases of the same three-phase photovoltaic system. This 
leads to an imbalance in the electrical grid [18].  
 An unsuitable coupling between photovoltaic power 
plants and the electricity grid can lead to a low level of 
reliability and poor quality of the network. It is therefore 
necessary to develop analytical tools and carry out in-depth 
studies of the interactions between photovoltaic plants and the 
grid [19-20]. The challenge of injecting photovoltaic 
electricity into public networks lies not only in the optimized 
management of this injection, but above all in the impact of 
the injection in terms of disruption of the network, which is 
already unstable. The problem is how to manage an 
intermittent resource injected into a network itself unstable, 
characteristics of African networks. 
 It is therefore essential to seek models for the optimal 
injection of photovoltaic power plants power into these 
interconnected networks [21]. 
 In Burkina Faso, located in West Africa, where this study 
is taking place, the ambition is to inject nearly 650 MW into 
its electricity grid by 2030 [22]. Currently, the electricity 
production of three photovoltaic power plants is injected into 
the national interconnected electricity grid, namely 
photovoltaic power plant of Zagtouli with a peak power of 33 
MW ; Ziga photovoltaic power plant with a peak power of 1.1 
MW and Nagréongo photovoltaic power plant with a peak 
power of 26 MW, ie a total power of 60.1 MW injected at this 
moment, which represents only about 9% of the planned 
power. 

This work concerns the optimization of electricity 
injection from the 33 MW photovoltaic power plant of 
Zagtouli located in Ouagadougou, Burkina Faso. At the peak 
of its production, the Zagtouli plant was only able to inject 18 
MW. The injection of photovoltaic electricity from this plant 
into the distribution network of the Burkinabè national 
electricity company causes enormous problems which do not 
allow the optimal injection of photovoltaic electricity into the 
interconnected electricity grid [23-24]. 
 This study will not only focus on the maximum capacity 
of the injection point like previous research, but will highlight 
the impact of this injection on the grid, in particular the 
variation in voltage and the contribution of the balance node; 
i.e. the interconnection with Ghana. 
 The main objective of this study is to find the maximum 
power of photovoltaic electricity from the 33 MW 
photovoltaic power plant that can be injected at the injection 
point of the Zagtouli substation, without causing a major fault 
on the whole of the national interconnected grid (NIG). 
 
 
2. Studied site presentation 
 
The studied site is that of the 33 MW photovoltaic solar power 
plant of Zagtouli, located at Ouagadougou in Burkina Faso, 
West Africa. Ouagadougou is the political capital of Burkina 
Faso. Its area is 520 km2, with an estimated population of 2.8 
million in 2022. The city of Ouagadougou is the largest urban 
center in the country.  
 The 33 MW Zagtouli photovoltaic power plant is located 
in the suburbs of Ouagadougou. The site, property of the 
national electricity distribution company is 14 km west of 
Ouagadougou and 1 km south of the National Road number 
1. The Figure 1 shows the geographical location of the 
photovoltaic power plant of Zagtouli in Ouagadougou. 

 

 
Fig. 1. Geographical location of the Zagtouli photovoltaic power plant. 
 
 Figure 2 presents the spatial occupation of the Zagtouli 
power plant [25]. 
 

 
Fig. 2. Spatial occupation of the photovoltaic field of the PV plant [17]. 
 
 The plant has 129,600 photovoltaic modules of 260 Wp 
each in polycrystalline silicon, mounted on 1,800 structures 
inclined at 15° and facing south, over an area of 60 hectares. 
The total peak power of the photovoltaic power plant is 33 
MW. The power plant's electricity is produced without 
storage and injection takes place at the Zagtouli substation on 
the 33 kV busbar. Figure 3 shows the injection point of the 33 
MW Zagtouli photovoltaic power plant. 
 The regulation of the voltage at the injection node is 
carried out by the set of switchings of the two reactances of 
15 MVAR and 30 MVAR locally from the station or remotely 
from the dispatching in a manual or automatic way. 
 This plant is of modular configuration and comprises 
sixteen transformer stations. Each substation includes one 
transformer (420 V / 33 kV) and two inverters (270 VDC / 
420 VAC). All the elements of each station are housed in a 
building called the Integrated Photovoltaic Center (CPI). The 
service life of the plant is at least 30 years. 
 



Seydou Ouedraogo, Ousmane Nikiema, Moussa Tissologo, Emmanuel Nanema and Adekunlé Akim Salami/ 
Journal of Engineering Science and Technology Review 17 (6) (2024) 132 - 139 

 134 

 
Fig. 3. Injection point of the Zagtouli power plant [17]. 
 
 
3. Materials and Method 
 
The scenario consists of varying the power of the photovoltaic 
electricity injected at the injection point of the Zagtouli 
substation, up to the convergence limit, i.e. until an overload 
of one or more elements of the grid is observed. It is necessary 
to model the national interconnected network and then 
simulate the injection of photovoltaic electricity into the grid 
using a simulation tool. The simulation mode will permit to 
determine the maximum power of the photovoltaic electricity 
to be injected into the interconnected electrical grid seen from 
the city of Ouagadougou, taking into account the constraints 
of the involved grid in relation to static security. 
 There are several simulation tools in the form of software 
or simulator. There are simulators for distribution and/or 
transportation networks. Real-time simulators include OPAL-
RT Technology, hypersim, etc. Existing software is that of 
static and/or dynamic simulation in real time and offline. In 
the offline simulation software group, there are EUROSTAG, 
PSS/E (Power System Simulator for Engineering), dIgsilent 
power factory (Digital Simulation and Electrical NeTworks), 
NEPLAN, etc. 
 Our study having the objective of determining the 
maximum power in the electrical network, the type of 
simulation is static simulation in delayed time. The NEPLAN 
software is free for up to 50 nodes and meets pre-established 
criteria. The modeling of the interconnected network seen 
from Ouagadougou and the simulation of the injection of 
electricity into the network in this study are carried out with 
the NEPLAN modeling and simulation software. 
 
3.1 NEPLAN software presentation 
Version 5 of the NEPLAN software is a tool used in planning 
and information systems for electricity, gas, water supply 
grids, as well as heating grids [26]. All the basic components 
of the electrical grid in NEPLAN are represented in the 
structure figure 4. 
 An element corresponds to a component of the grid, such 
as a line, a transformer or an electrical machine. There are 
active and passive elements. An element is conceptually 
described by a starting node and an ending node. For three-
winding transformers, a third node must be given. The 
elements are electrically described by the nominal current, the 
nominal power, the nominal voltage, parameters such as 
losses, reactances, etc. 
 

 
Fig. 4. Electrical grid components representation in NEPLAN software. 
 
 In NEPLAN, parameters are entered using an input data 
mask. The active elements are the supply grids, the 
asynchronous and synchronous machines, as well as the 
supply stations or groups. A feeder grid represents a neighbor 
grid. Passive elements are lines, coupling elements, breaking 
elements, 2 and 3 winding transformers, shunts and loads. 
Loads can be entered along a line without the need to enter a 
node (line loads). 
 The NEPLAN software allows simulation in static and 
dynamic regimes. The calculation method used in NEPLAN 
is that of Newton Raphson, which uses the principle of 
iteration. This method consists in the use of an algorithm for 
the resolution of equation by successive approximations. The 
working process of the algorithm is based on convergence. 
The calculation converges when the equation to be solved has 
a solution. 
 
3.2 Grid modeling 
The simulation of the injection of photovoltaic electricity on 
the interconnected grid seen from the city of Ouagadougou, 
involves modeling the interconnected electrical grid seen 
from the city of Ouagadougou. Modeling of the 
interconnected grid takes into account loads, transformers, 
generators, lines and busbars [27]. 

The methodology considered to assess these powers is as 
follows: inventory of the load equipment of the 
interconnected grid seen from the city of Ouagadougou; 
inventory of load equipment attached to the interconnected 
grid seen from the city of Ouagadougou ; aggregation of 
powers connected to the node. 
 Active elements are modeled using their sub-transient 
reactance. For a power distribution calculation, these 
elements are modeled by their active and reactive powers or 
by the magnitude and angle of a voltage at the designated 
node. The data collected on the entire grid will allow to find 
the powers connected to each node of the grid. The active 
power connected to node i is calculated according to relation 
(1). 

      (1) 

 
where:  

• 𝑃𝑖 is the active power connected to node i (W),  
• 𝑝𝑘, 𝑘𝑢𝑘, 𝑘𝑠𝑘 are respectively the power, the utilization 

factor and the simultaneity factor of the household 
k,  

• 𝑚 is the number of plots connected to the node,  
• 𝑛 is the number households in plot j. 

 
 The reactive power connected to node i is calculated 
according to relation (2). 
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where:  
• Qi is reactive power (MVAr) 
• 𝑃𝑖 is the active power connected to node i,  
• 𝑄𝑖 is the reactive power connected to node i,  
• j is the phase shift. 

 
 In addition to nodes there are lines and transformers. The 
lines are characterized by type, length, current capacity, linear 
resistance, linear reactance and linear capacity. As for 
transformers, they are defined by apparent power, iron losses, 
primary voltage, secondary voltage, short-circuit voltage. The 
voltage variation at the injection station is given by relation 
(3). 
 
D% = ("#$%&'"%$()∗+,,

"#$%&
       (3) 

 
where:  

• D% is the voltage variation at the injection station,  
• Udisp is the voltage given by dispatching,  
• Usim is the voltage resulting from model simulations. 

 
 The average variation is given by relation (4). 
 

      (4) 

 
where:  

• Dmoy% is the average variation, 
• D% is the voltage variation at the injection station,  
• N is the number of measurement points. 

 
 After the grid model seen from Ouagadougou, it is 
essential to check the validity of the model. 
 

 
Fig. 5. Steps for solving an optimization problem. 
 

3.3 Simulation injection of photovoltaic electricity 
The optimization of the injection consists in determining the 
maximum power to be injected beyond which serious 
disturbances can occur on the electrical grid. The constraints 
linked to the optimization of the injection are such that the 
voltage of the grid must remain within the contractual limits, 
the frequency of the grid must remain within the contractual 
limits, the total energy in the lines must be at most equal to 
the capacity of this, the powers supplied by the generators and 
the transformers must be within the nominal limits. The 
diagram in figure 5 defines the steps in the optimization of a 
given problem. 
 
 
4. Results and Discussions 
 
4.1 Modeling of the interconnected grid seen from 
Ouagadougou 
The interconnected electricity grid of Ouagadougou city 
consists of seven (07) power stations, namely Zagtouli, 
Komsilga, Ouaga 1, Ouaga 2, Kossodo, Patte d’Oie and 
Ouaga 2000. In addition to being interconnection stations, 
Ouaga 1, Ouaga 2, Kossodo and Komsilga are thermal power 
plants and Zagtouli benefits from a photovoltaic power plant 
and two 225 kV lines from Côte d’Ivoire and Ghana. Energy 
exchanges with the rest of the country take place through the 
substations of Zagtouli, Patte d’Oie and Kossodo. Figure 6 
represents the structure of the electricity grid of Ouagadougou 
city. 

 
Fig. 6. Structure of the interconnected electrical grid of Ouagadougou 
city. 
 
 Table 1 represents the values resulting from the 
dispatching and those from the simulation of the model. To 
allow an exhaustive evaluation of the results, all the nodes are 
considered. 

 
Table 1. Node voltage characteristics from model simulations 

Posts Nods 
Number landmark Nominal voltage (kV) Simulation voltage 

(kV) (%) 
Zagtouli 1 JDB_225kV_Zagtouli 225 225 100 

2 JDB_90kV_Zagtouli 90 92,5 102,8 
3 JDB_33kV_Zagtouli 33 34,6 104,8 
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 Table 2 presents the node voltages obtained from 
dispatching and model simulations. 

 

Table 2. Characteristics of dispatching node voltages and from simulations 
Designation JDB JDB number Dispatching volage 

(%) 
Model voltage 

(%) 
JDB_225kV_Zagtouli 1 100,6 100 
JDB_90kV_Zagtouli 2 104,5 102,8 
JDB_33kV_Zagtouli 3 104,6 104,8 

 Figure 7 shows the model structure of the interconnected 
electrical grid, seen from Ouagadougou city. 
 

 
Fig. 7. Structure of the electrical grid model seen from Ouagadougou 
city. 
 
 In Figure 7, point P1 is a measurement point at the 
Zagtouli substation which includes three busbars of 225 kV, 
90 kV and 33 kV. This point has 3 nodes: N1, N2 and N3; 
point P2 is a measurement point at the Ouaga 2 substation 
which includes three busbars of 90 kV, 33 kV and 15 kV. This 
point has 3 nodes: N4, N5 and N6); point P3 is a measurement 
point at the Ouaga 1 substation which includes two busbars of 
90 kV and 15 kV. This point has 2 nodes: N7 and N8; P4 is a 
measurement point at the Kossodo substation which includes 
five busbars of 90 kV, two of 33 kV and two of 15 kV. This 
point has 5 nodes: N9, N10, N11, N12 and N13; point P5 is a 
measurement point at the Patte d'Oie substation which 
includes four busbars of 132 kV, 33 kV and two 15 kV. This 
point has 4 nodes: N14, N15, N16 and N17; point P6 is a 
measurement point at the Ouaga 2000 substation which 
includes two busbars, 33 kV and 15 kV. This point has 2 
nodes: N18 and N19; point P7 is a measurement point at the 
Komsilga substation which includes three voltage levels: 90 
kV, 33 kV and 15 kV. This point has 3 nodes: N20, N21 and 
N22. 
 The model thus defined has a total of twenty-two (22) 
nodes. The electrical grid studied being connected to the 
national electrical grid, the modeling of the latter must take 
into account the external lines attached to it. These lines are 
those of Zano (Load_Zano), Ouahigouya 
(Load_Ouahigouya), Koudougou (Load_Koudougou, Pa 
(Load_Pa) and that of Bolgatanga coming from Ghana. 
 
4.2 Model validity 
The validity of the model is dependent on the results 
conformity of the model simulation with respect to the state 
of the grid according to the peak of 18 MW on the date of 
04/15/2022. To this end, the characteristics of the loads are 
introduced and simulations are carried out in such a way as to 
obtain values of the voltages of the nodes which are identical 
or close to those received from dispatching. All network 

nodes are considered in the validity of the model, ie twenty-
two (22) nodes. 
 The conformity of the characteristics resulting from the 
simulations of the model with those of the dispatching is 
evaluated by a calculation of the relative variation between 
these quantities. The results are recorded in Table 3. 
 
Table 3. Model and dispatch voltage values 

Voltage from 
dispatching (%) 

Voltage from 
model (%) 

Variation 
 
 

(%) 
10.6 99 .6 1.0 

104.5 102.3 2.1 
104.6 104.8 -0.2 
103.0 101.6 1.4 
99.2 104.1 -4.9 

104.2 105.8 -1.5 
102.7 101.6 1.1 
103.5 103.4 0.1 
102.1 101.5 0.6 
99.7 101.4 -1.7 
99.7 101.3 -1.6 

104.4 101.7 2.6 
104.5 102.8 1.6 
99.9 102.10 -2.2 
97.6 101.6 -4.1 

102.3 104 -1.7 
101.7 104 -2.3 
98.8 100.2 -1.4 

101.9 103.7 -1.8 
104 102.6 1.3 

101.5 103 -1.5 
101.7 103 -1.3 

 
 The maximum relative variation between the magnitudes 
of the model voltage and those of the dispatching is 4%. The 
average of less than 1% or precisely 0.6%. These values being 
relatively low, the model therefore reflects the reality of the 
electrical grid of the city of Ouagadougou or the national 
electrical grid seen from Ouagadougou. 
 
4.3 Injection simulation results 
The results obtained after simulation of the injection at the 
Zagtouli substation, up to the convergence limit are presented. 
In Table 4, the injected photovoltaic electricity power, 
variation of the substation voltage and the transmission angle 
on the line coming from Ghana are represented. 
 When there is no PV power injected at the Zagtouli 
substation, the voltage variation compared to the nominal 
voltage ranges from 92% at the Patte_Oie substation to 98.6% 
at the Zagtouli substation. For the injection of photovoltaic 
power at the Zagtouli substation, the maximum allowable 
photovoltaic electricity power at the injection point is 70 MW. 
When the injected power exceeds 70 MW, the two 90 MW / 
33 kV transformers operate respectively at more than 80% 
and in the event of loss of the Koudougou line, they go to 
104% each. The transport angle varies between -20.6° to 
10.2°. The permissible limiting angle is 20°. 
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Table 4. Voltage variation in substations 

PV 
power 

injected 
(MW) 

Voltage variation  
(%) Angle 

(°) Substations 

Zagtouli Kossodo Komsilga Ouaga2 Ouaga1 PatteOie Ouaga2000 

0 98,6 96,9 97 97,4 97 92 92,7 10,2 
18 104,8 104,6 103,8 105 103,7 100,4 100,4 -0,9 
20 105,17 105 104,2 105,4 104,1 100,9 100,8 -1,7 
30 106,7 106,9 105,8 107,1 105,8 102,8 102,7 -5,8 
40 107,6 107,9 106,8 108 106,7 103,9 103,8 -9,1 
50 108,5 108,9 106,5 109 107,7 105 104,9 -12,7 
60 109,2 109,9 108,6 109,9 108,5 106 105,8 -16,6 
70 109,7 110,6 109,2 110,6 109,1 106,8 106,5 -20,6 

 
 Figure 8 shows the variation curves (%) of the node 
voltage as a function of the injected PV power (W) into the 
Zagtouli substation. 
 

 
Fig. 8 Variation curves (%) of the node voltage as a function of the 
injected PV power (W) - Zagtouli substation 
 
 As peak consumption in 2022, the Zagtouli photovoltaic 
plant injected 18 MW. From the curves plotted in Figure 8, 
the observation is that when the injected power decreases, the 
voltages of the nodes decrease. On the other hand, when the 
power of photovoltaic electricity increases, the voltage at the 
nodes evolves in the same direction. PV injection at the 
Zagtouli substation has a maximum power of 70 MW. When 
the injected power into the Zagtouli substation increases from 
18 MW to 70 MW, the voltage varies from 104.9% to 112.6% 
at Zagtouli substation, from 102.9% to 110.9% at Komsilga 
substation, from 109.8% to 101.9% at Ouaga1 substation, 
from 100.9% to 108.9% at Kossodo substation, from 101% to 
108.9% at Ouaga2 substation, from 98% to 106.2% at 
Patte_Oie substation and from 97.9% to 106.2% at 
Ouaga2000 substation. 
 The variation in grid voltage is then from 92% to 100%, 
i.e. a drop of 8% in the nominal voltage (Un).  
The operating constraints of the grid being ±5% of the 
nominal voltage in N safety and ±10% in N-1, PV injection at 
the Zagtouli substation requires voltage regulation at the 
injection point. 
 Figure 9 shows the evolution of the transmission angle 
according to the photovoltaic power injected into the 
interconnected grid at the Zagtouli substation in 
Ouagadougou. 

 
Fig. 9. Transport angle variation. 
 
 The transport angle, i.e. the phase difference between the 
voltage and the current of the interconnection line with Ghana 
which constitutes the pendulum node varies in absolute value 
between 10.2° and 20.6° (Figure 9). The grid operating 
constraints being ± 5% of the nominal voltage in safety N and 
± 10% in N-1, the transport angle of 20°. 
 The implementation of photovoltaic injection at the 
Zagtouli substation requires voltage regulation at the injection 
point. The intermittency of production is effectively 
modulated by the interconnection with Ghana. 
 
 
4. Conclusion 

 
The main objective of this study is to find the maximum 
power of photovoltaic electricity to be injected into the 
unstable interconnected electrical grid without causing a 
major fault in the grid. The considered site for this study is the 
33 MW photovoltaic power plant of Zagtouli which must 
inject its electricity production into the national 
interconnected grid (NIG) from Ouagadougou. 
 In the NEPLAN software, the scenario adopted consisted 
in varying the power of the photovoltaic electricity injected at 
the injection point of the Zagtouli substation until an overload 
of one or more elements of the grid was observed. 
 The simulation results showed that the maximum power 
of photovoltaic electricity that can be injected at the Zagtouli 
substation is 20 MW and those, without regulating the voltage 
of the unstable grid. Any injection of photovoltaic electricity 
into the interconnected grid from Ouagadougou whose power 
does not exceed 20 MW, the self-regulation of the electricity 
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grid is sufficient to contain the voltage of the nodes within 
admissible proportions. For photovoltaic powers between 20 
MW and 70 MW, voltage and active power regulation are 
necessary. Beyond 70 MW a need to reorganize the electrical 
grid is necessary. 

The injection of photovoltaic electricity into the grid 
generates as many static problems. It causes the voltage to 
increase at the injection point and throughout the grid. The 
injection of photovoltaic electricity also generates dynamic 
instability. It causes an inadmissible variation of the power of 
the pendulum node. 
 This study highlighted the impact of the injection of PV 
production on the network, in particular the variation in 
voltage between 92 and 110% and the contribution of the 
balance node, which represents the compensating power for 
the intermittency of PV production. (-142 and -91 MW) or a 
variation of 51 MW. In the case where it is the 
interconnections which provide this compensation, it is 
necessary to provide an equivalent power reserve to support 
the grid, if an interconnection failure occurs.  
 On an economic level, the optimization of PV injection on 
the interconnected national grid will make it possible to 
reduce the cost of electricity by up to 0.102 $ per kWh. 

 From an environmental perspective, PV injection is an 
alternative to the use of Heavy Fuel Oil (HFO) and Diesel 
Distillated Oil (DDO), which are very polluting. 
 From the structure of the interconnected national grids of 
each country (Figure 6), the model of each region can be 
developed like that of figure 7. 
 The results of this study can be used to optimize the 
injection of electricity from photovoltaic power plants into the 
interconnected national electricity grids of West African 
countries, which are experiencing the same instability 
problems as the national interconnected grid of Burkina Faso. 
 
Acknowledgements 
The authors want to thank the Regional Center of Excellence 
for Electricity Control (CERME) of University of Lomé, The 
Norbert Zongo University of Koudougou, the Nazi Boni 
University of Bobo-Dioulasso and the National Center for 
Scientific and Technological Research for providing an 
enabling environment during the research. 
 
This is an Open Access article distributed under the terms of 
the Creative Commons Attribution License.  

 
 

______________________________ 
References 

 
[1] R. Nantenaina, “Injection de puissances par un système 

photovoltaïque au nœud de contrôle sur un réseau radial de la côte 
ouest de Madagascar,” Master’s Thesis, Antananarivo, 
Madagascar, 2020. 

[2] C. Verde, “Études de diagnostic initial du sous-secteur des énergies 
renouvelables,” Intergovernmental Panel on Climate Change, Cap-
Vert, Apr. 2015. [Online]. Available: 
https://www.ipcc.ch/pdf/special-reports/srren/srren_report_fr.pdf . 

[3] K. Kadda, Touati-Bergheul, M. Boudour, A. Hadj Arab et A. Malek, 
"Etude de faisabilité de l’insertion d’une centrale photovoltaïque 
raccordée au réseau de distribution de Ghardaïa", Rev. Ener. 
Renouv., vol. 17, no. 2, pp. 309–322, Jun. 2014. 

[4] T. T. Guingane et al., "Impact de la pénétration du photovoltaïque 
sur le réseau électrique", American. J. Innov. Res. Appl. Sci., vol. 5, 
no 5, pp. 397-404, Nov. 2017. 

[5] M. S. ElNozahy and M. M. A. Salama, “Technical impacts of grid-
connected photovoltaic systems on electrical networks—A 
review,” J. Renew. Sust. Ener., vol. 5, no. 3, May 2013, Art. no. 
032702, doi: 10.1063/1.4808264. 

[6] Sebaa Haddi and T. Bouktir, “Contribution à l’optimisation de 
l’insertion des énergies renouvelables dans un réseau électrique 
intelligent (Smart Grid),” 2019, doi: 
10.13140/RG.2.2.19805.36329. 

[7] A. Hadj Arab et al., “Qualité de la tension au point d’injection du 
système photovoltaïque du CDER,” J. Ren. Energies, vol. 20, no. 
1, pp. 1–9, Mar. 2017, doi: 10.54966/jreen.v20i1.604. 

[8] T. M. C. Le, “Couplage onduleurs photovoltaïques et réseau, 
aspects contrôle / commande et rejet de perturbations,” Theses, 
Université de Grenoble, 2012. [Online]. Available: 
https://theses.hal.science/tel-00721980 

[9] B. H. Alajrash, M. Salem, M. Swadi, T. Senjyu, M. Kamarol, and 
S. Motahhir, “A comprehensive review of FACTS devices in 
modern power systems: Addressing power quality, optimal 
placement, and stability with renewable energy penetration,” Eneρ. 
Rep., vol. 11, pp. 5350–5371, Jun. 2024, doi: 
10.1016/j.egyr.2024.05.011. 

[10] D. E. Zegtouf, “Surveillance et détection de défauts d’un système 
photovoltaïque connecté au réseau électrique,” PhD Thesis, 
Université du Québec à Trois-Rivières, Trois-Rivières (Québec) 
G9A 5H7 CANADA, 2020. [Online]. Available: https://depot-
e.uqtr.ca/id/eprint/9547/ 

[11] E. M. Kuyumani, A. N. Hasan, and T. Shongwe, “Harmonic current 
and voltage monitoring using artificial neural network,” in 2020 Int. 
Conf. Artif. Intell., Big Data, Comp. Data Commun. Sys. (icABCD), 
Durban, South Africa: IEEE, Aug. 2020, pp. 1–5. doi: 
10.1109/icABCD49160.2020.9183805. 

[12] B. Rabah and M. Samir, “Contribution au Développement d’un 
Algorithme de Détection et Diagnostic des Défauts Dans le 
Système Photovoltaïque fonctionnant en mode connecté au Réseau 
et Autonome,” PhD Thesis, University Yahia Fares of Medea, 
Medea, Algeria, 2021. 

[13] S. Ali, N. Pearsall, and G. Putrus, “Impact of High Penetration 
Level of Grid-Connected Photovoltaic Systems on the UK Low 
Voltage Distribution Network,” Renew. Energ., Environm. Pow. 
Qual., vol. 10, no. 4, Jan. 2024, doi: 10.24084/repqj10.368. 

[14] N. K. Charles and A. Saidi, "Strategies for integrating decentralized 
production based on photovoltaic solar energy into the heavily 
overloaded low-voltage network: Application to the LV distribution 
network served by the Bosawa cabin, Kimbanseke-Kinshasa", Int. J. 
Inn. Appl.Stud., vol. 39, no. 1, pp. 259-270, Mar. 2023,  

[15] Z. Ikram and K. Chabou, “Investigation sur les pannes dans un 
réseau électrique lors de l’injection des énergies renouvelables 
(photovoltaïque)",” Master’s Thesis, Tlemcen, Algeria, 2019. 

[16] T. T. Guingane, D. Bonkoungou, Z. Koalaga, and F. Zougmore, 
"Photovoltaic (PV) System Connected to the Grid without Battery 
Storage as a Solution to Electricity Problems in Burkina Faso—
Areview", Int. J. Eng. Res., vol. 6, no 1, pp. 30-33, Feb. 2017. 

[17] O. Nikiema, D. Mani-Kongnine, S. Ouedraogo, E. Nanema and A. 
A. Salami, "Diagnosing Photovoltaic Power Plant Injection 
decoupling in Burkina Faso", J. Eng. Sci. Tech. Rev., vol. 16 no. 5, 
pp. 69–75, Oct. 2023, doi: 10.25103/jestr.165.09. 

[18] G. Maliki, A. Binkou, K. Sidibe, D. Coulibaly, "Analyse des impacts 
d’une pénétration accrue des réseaux Electriques par les Générateurs 
Photovoltaïques—A review”, Maghr. J. Pure & Appl. Sci., vol. 8, 
no. 2, pp. 111-121, Dec. 2022, doi: 10.48383/IMIST.PRSM/mjpas-
v8i2.37890. 

[19] L. M. Castro, J. R. Rodríguez-Rodríguez, and C. Martin-del-
Campo, “Modelling of PV systems as distributed energy resources 
for steady-state power flow studies,” Int. J. Elect. Power Ener. Sys., 
vol. 115, Feb. 2020, Art. no. 105505, doi: 
10.1016/j.ijepes.2019.105505. 

[20] L. Zhu, S. Chen, W. Mo, Y. Wang, G. Li, and G. Chen, “Power 
Flow Calculation for Distribution Network with Distributed 
Generations and Voltage regulators,” in 2020 5th Asia Conf. Power 
Electr. Eng. (ACPEE), Chengdu, China: IEEE, Jun. 2020, pp. 662–
667. doi: 10.1109/ACPEE48638.2020.9136375. 

[21] F. F. Amigue, S. N. Essiane, S. P. Ngoffe, G. A. Ondoa, G. M. 
Mengounou, and P. T. Nna Nna, “Optimal integration of 
photovoltaic power into the electricity network using Slime mould 
algorithms: Application to the interconnected grid in North 
Cameroon,” Ener. Rep., vol. 7, pp. 6292–6307, Nov. 2021, doi: 
10.1016/j.egyr.2021.09.077. 



Seydou Ouedraogo, Ousmane Nikiema, Moussa Tissologo, Emmanuel Nanema and Adekunlé Akim Salami/ 
Journal of Engineering Science and Technology Review 17 (6) (2024) 132 - 139 

 139 

[22] “Projet de centrales solaires photovoltaïque,” Société Nationale 
Burkinabè d’Electricité, Goverment of Burkina Faso, 
Ouagadougou, Aug. 2022. 

[23] Kitmo, R. Djidimbélé, D. K. Kidmo, G. B. Tchaya, and N. 
Djongyang, “Optimization of the power flow of photovoltaic 
generators in electrical networks by MPPT algorithm and parallel 
active filters,” Ener. Rep., vol. 7, pp. 491–505, Nov. 2021, doi: 
10.1016/j.egyr.2021.07.103. 

[24] Kitmo, G. B. Tchaya, and N. Djongyang, “Optimization of the 
photovoltaic systems on the North Cameroon interconnected 
electrical grid,” Int J Energy Environ Eng, vol. 13, no. 1, pp. 305–
317, Mar. 2022, doi: 10.1007/s40095-021-00427-8. 

[25] “Panneaux solaires,” Agence Française de Développement. 
[Online]. Available: 
https://www.afd.fr/sites/afd/files/styles/visuel_principal/public/20
17-11/panneaux-solaires 

[26] A. A. Ahmed et al., “NEPLAN-Based Analysis of Impacts of 
Electric Vehicle Charging Strategies on Power Distribution 
System,” IOP Conf. Ser.: Mater. Sci. Eng., vol. 1127, no. 1, Art. 
no. 012033, Mar. 2021, doi: 10.1088/1757-899X/1127/1/012033. 

[27] L. Botet and S. Renaud, “Étude et modélisation du couplage 
PV/Hydroélectricité,” E3S Web Conf., vol. 346, Art. no. 03007, 
Aug. 2022, doi: 10.1051/e3sconf/202234603007. 

 


