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 In this paper, we focus on the optimization of electric energy consumption in 

public lighting of a region in Agadir proposing the integration of renewable 

energy sources, especially the photovoltaic (PV). Two models have been 

adopted, simulated and compared with experimental results under the 

MATLAB/Simulink environment. The first model is devoted to the simulation 

of the conventional street lighting in the area supplied by the “Substation 9” 

in Dcheira El Jihadia in Agadir city, while the second model provides 

modeling and simulation of the PV powered public lighting system, as an 

alternative for the street lighting in the testing area. The results of simulation 

show that the solar street lighting system is much more economical and, 

moreover, it is inexhaustible and non-polluting compared to the classic street 

lighting. 
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1. INTRODUCTION 

Street lighting system is one of the major energy consumption in the world and it is one of the most 

important needs in our daily lives. The public lighting accounts for a significant share of the energy 

consumption of the municipalities and of the entire country. With the liberalization of the electricity market 

and the sharp rise in energy costs charged to municipalities, the public lighting has become a major issue. In 

many municipalities, the energy consumed by street lighting accounts for the highest share of their annual 

electricity bill; for example, around 80% of the budget in the municipality of Agadir. 

As a source of comfort and productivity, public lighting contributes to the quality of life and 

attractiveness of municipalities and cities. Yet the quality of lighting, in terms of light stability and continuity 

of service, depends on the quality of the electrical energy consumed. The power supply for street lighting 

networks has therefore become increasingly important due to the decrease in available non-renewable resources 

and environmental problems. As a result, many renewable power generation plants, such as wind, photovoltaic 

(PV), hydroelectric plants, and fuel cells, are connected to the distribution grid [1]–[8]. 

In fact, a study is being conducted in Hungary [9] to show the savings to be generated by installing 

PV systems and light emitting diodes (LED) lamps in street lighting. It concerns all the villages in the country 

that are lit by 229 light points. This study, carried out over a 20-year period, demonstrated that the solar 
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powered public lighting allows energy savings of up to 60%, and the smart street lighting offers up to 70% 

energy savings compared to conventional public lighting system. 

Within this context, we recommended public lighting optimization measures [10], [11] to minimize 

energy consumption and reduce the municipality’s energy bill. These recommendations were made after 

gathering preliminary knowledge in the field and carrying out an inventory. 

The present paper is organized as follows: after this introduction, we present in section 2 the tools of 

investigation and the inventory of street lighting in the area supplied by the “Substation 9”. Then, in sections 

3 and 4, we describe the public lighting models of the testing area, namely the conventional street lighting 

model and the PV based public lighting model. Then, the simulation results will be presented, compared with 

the measurements and discussed in section 5. Finally, conclusion in section 6. 

 

 

2. CONTEXT AND TOOLS 

2.1.  Work context 

Our investigations began with an analysis of the state of the street lighting substation, named 

"Substation 9", in the Dcheira El Jihadia municipality. This analysis revealed significant renovation needs. 

Indeed, at the beginning of our study, an exhaustive inventory of the control cabinet components and light 

points is essential. Following this inventory, it allowed us to identify the number of lamps supplied by each 

feeder, as well as the total power demand of the feeders. Furthermore, the testing substation supplies four 

feeders as shown in Figure 1, the first of which serves 22 light sources with a total power of 7.8 KW. Then,  

49 lamps are supplied by the second feeder with a power of 4.26 KW. Then, the third feeder serves 27 light 

sources with a total power of 5.76 KW. Finally, the last feeder supplies only 15 lamps with a power of  

2.98 KW. Table 1 summarizes the various types and powers of lamps used to illuminate the different areas. 

Most of the lamps used are high-pressure sodium (HPS). 

 

 

 
 

Figure 1. Distribution of public lighting feeders of "Substation 9" according to total power of the lamps 

 

 

Table 1. Types and number of lamps supplied by the "Substation 9" 
Designation Feeder 1 Feeder 2 Feeder 3 Feeder 4 

Number 11 11 29 3 2 1 4 4 6 1 1 13 12 1 9 5 

Type HPS Economic LED HPS MH HPS HPS 

Power (W) 400 250 36 70 100 150 70 150 250 150 70 150 250 70 150 250 
Total 113 

 

 

2.2.  Development tools 

The tools used in this work for the development of the models and for carrying out the various 

simulations are: 

− MATLAB/Simulink R2013a (8.1): for the development of PV street lighting models and their simulation. 

− DiaLux 4.12: for calculating optimum brightness in public lighting installation. 

− PVsyst 6.4.3: for sizing the PV systems required for PV street lighting. 

− PLECS Blockset 3.4.7: for the simulation of the conventional public lighting model. 
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3. MODELING OF CONVENTIONAL STREET LIGHTING 

In order to design and predict the system to be implemented, based on PV panels, to provide public 

lighting in the testing area, it is essential to model the existing conventional street lighting system. For that 

purpose, as shown in Figure 2, we developed a simplified block diagram under Simulink, modeling the 

conventional public lighting. This diagram consists of the following 3 components: the transformer substation 

with its protection system, the light fixture, and the measurement system. 
 

 

 
 

Figure 2. Simplified model of the conventional street lighting system of "Substation 9 El Jihadia" 

 

 

3.1.  Transformer substation and protection system 

This section mainly consists of equipment containing one or more transformers in order to ensure the 

derivation of current on the network, the protection of the transformer on the high voltage type A (HVA), the 

high voltage/low voltage (HVA/LV 22,000V/230V) transformation, the protection of the transformer on the 

LV side, and the energy meter (Figure 3). 

For protection purposes, all metal masses of the substation are connected to the earth ground. During 

maintenance or other interventions in the substation, the incoming lines must be disconnected and the 

interconnected cables must be grounded. 

The simulated protection system aims to distribute electrical energy to the light points at appropriate 

times and in complete safety. This device ensuring the safety of users, operators as well as the equipment, is 

integrated into the control cabinet with a control device consisting of the metering equipment and an 

astronomical clock for controlling operating times. 
 
 

 
 

Figure 3. Electrical model of the transformer substation with a protection system 

 

 

3.2.  The light fixture 

This part is also called a lantern. Its essential function is to emit, distribute and control the light 

provided by a light source, namely the lamp. The light fixture contains a ferromagnetic ballast, an ignitor, 

capacitors depending on the type of lamps used, and finally a lamp. The equivalent circuit of this light fixture 

is shown in Figure 4. 
 

 

 
 

Figure 4. Equivalent model of the light fixtures 
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The light fixture have specific characteristics that are essential to any lighting project. Its main 

properties are described in Table 2 [12], [13]. The Table 3 summarizes the key characteristics of the capacitors 

associated with the light fixtures depending on the lamps powered by "Substation 9" [14]. 

 

 

Table 2. Types and properties of street lighting lamps implemented in the Dcheira El Jihadia city [15] 

Type HPS 
Metal halide 

Conventional With ceramic arc tube 

Light efficiency (Lm/W) 47⎯150 54⎯120 55⎯95 

Economic lifetime (h) 12,000⎯16,000 4,000⎯8,000 4,000⎯8,000 

Temperature (K) Standard 3,700⎯6,100 3,000⎯4,200 

Improved IRC 2,200   

Color rendering index 

(CRI) (%) 

Standard⎯High flux 20 65⎯93 83⎯93 

Improved IRC 65⎯80   

Control gear 
Ballast or ballast and ignitor Ballast, ignitor Ballast, ignitor 

⎯⎯ High frequency electronic ballast High frequency electronic ballast 

 

 

Table 3. Characteristics of capacitors associated with light fixtures according to powers and types of lamps 

Reference (µF) Voltage (V) Size (mm) 
Power (W) 

HPS lamp Mercury lamp MH lamp 

10 250 Ø30/H70 70 125 70 

20  250 Ø35/H94 150 250 150 
32  250 Ø35/H135 250 400 250 

50  250 Ø45/H135 400 1,000 400 

 

 

3.3.  Measurement of electrical consumption 

The third part of the model in Figure 2, as shown in Figure 5, consists of devices for measuring 

quarterly electrical energy consumption in conventional street lighting system. Indeed, in the block diagram 

shown in Figure 5, the total power is defined by the product of the root mean square (RMS) value of the current, 

the voltage and the Power factor  which is equal to 0.9, related to block "cte" in Figure 5. Then, the consumed 

energy is calculated by multiplying the total power by the operating period during one year as shown in  

Table 4. This is ensured by the "Stair" bloc which generates a signal corresponding to the number of lighting 

hours per quarter for 2 years. 

 

 

 
 

Figure 5. Electrical model of the measuring system 

 

 

Table 4. Number of lighting hours per quarter during one year 
Quarter of the year 1 2 3 4 

Number of lighting hours (h) 1,189 985 1,032 1,240 

 

 

The model developed above in Figure 5 can serve as a basis for comparison between a public lighting 

installation using a ferromagnetic ballast and one using an electronic ballast. The latter does not require a 

compensation capacitor, thus it contributes to an increase in the lamp lifetime, with a power factor greater than 

0.9. Moreover, the efficiency of an electronic ballast can exceed 93%, whereas the average efficiency of a 

ferromagnetic ballast is only 85% [16]. 
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4. MODELING OF PV SOLAR STREET LIGHTING 

In order to confirm the possibility of replacing conventional public lighting with solar-powered 

lighting, we propose to study and simulate the power involved in street lighting powered by PV. Subsequently, 

we make a comparison with the actual energy consumption of the tested area. In order to model PV solar public 

lighting, we first need to choose suitable LEDs. This selection is made using the DiaLux 4.12 software. 

The method is based on modeling the geometry of the area to be illuminated using DiaLux software. 

Next, the proposed LED lamp/light fixture, which offers higher light efficiency than a conventional lamp, is 

integrated into the model. The maintenance factor is then set to 0.8, this factor is proportional to the LED 

lamp’s lifespan. Finally, the simulation is run to generate and validate the lighting design results. The LEDs 

thus chosen are described in Table 5 [17]. 
 

 

Table 5. Description of suitable LEDs replacing the lamps used in conventional street lighting 
Replacement LEDs 55 W 130 W 200 W 300 W 

Conventional lamp HPS 70 W HPS 150 W HPS 250 W HPS 400 W 

Power (W) 55 against 80 130 against 169 200 against 276 300 against 433 

Light efficiency (Lm/W) 115 against 79 122 against 93 145 against 105 167 against 115 
Luminous flux (Lm) 6,300 15,800 29,000 50,000 

 

 

The next phase is devoted to modeling, using MATLAB/Simulink software [18], the PV panel-based 

system to be implemented in street lighting. Moreover, the characteristics of the various components of the 

solar streetlight are summarized in Table 6, which includes the results obtained regarding the sizing of a 55 W 

PV streetlight with an average of 11 hours of public lighting per day [19]. 
 
 

Table 6. Sizing results using PVsyst for the PV installation replacing the public lighting of "Substation 9" 
Daily energy needs 0.605 KWh 

Selected PV module Model: poly 80 Wp 36 cells 

Type: polycrystalline 
Quantity: 1 module 

Nominal power: 80 Wc 

Vmpp: 18.1 V 
Impp: 4.42 A 

Voc: 22.6 V 

Isc: 4.68 A 
Number of cells in series: 36 

Open-circuit temperature coefficient: -74.4 mV/°C 

Short-circuit temperature coefficient: 2.8 mA/°C 
Chosen battery Type: GEL/12 

Quantity: 1 battery 

Nominal capacity: 120 Ah 

 

 

Figure 6 illustrates the developed model equivalent to the PV solar public lighting system to be 

implemented for the "Substation 9" in Dcheira El Jihadia in Agadir. The model shown in Figure 6, which will 

be simulated further below, comprises the three main components described. 
 

 

 
 

Figure 6. Equivalent model to the PV powered street lighting in the testing area 
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4.1.  The photovoltaic source 

This module constitutes the renewable source, especially the PV. At the input of the PV panel model, 

we need the irradiance G (in W/m²) as shown in Figure 7, equivalent to the amount of light received per unit 

area (W/m²), and the ambient temperature T was set to a fixed value of 298.15 K. At the output of the PV 

module, we have the generated current I [20], [21]. Figure 8 shows the equivalent electrical diagram of a PV 

cell. 

 

 

 
 

Figure 7. Day evolution of solar irradiance in the testing area 

 

 

 
 

Figure 8. Equivalent block diagram of the PV cell 

 

 

The mathematical equations governing the operation of the PV panel, consisting of 36 cells connected 

in series, are given by the following system of equations: 

 

{
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𝑅𝑠ℎ = 350 𝛺
𝑅𝑠 = 0.359 𝛺
𝑘𝑖 = 2.8 𝑚𝐴/𝐾

𝑘𝑣 = −74.4 𝑚𝑉/𝐾

𝑞 = 1.6 ∗ 10−19 𝐶

𝐺𝑛 = 1000 𝑊/𝑚²
𝑁𝑠 = 36
𝑁𝑝𝑣 = 1

𝐼𝑠𝑐𝑛 = 4.68 𝐴
𝑉𝑜𝑐𝑛 = 22.6 𝑉
𝑎 = 1.3

𝐾 = 1.38 ∗ 10−23 𝐽/𝐾
𝑇𝑛 = 298.15 𝐾
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4.2.  The battery 

Among the countless ways to store the energy produced by a PV generator throughout the day, 

batteries are considered economically and technically accessible. This storage system is necessarily placed 

between the PV generator and the LED, as the power supply for the street lighting system comes mainly from 

the battery during the night. The load profile is illustrated in Figure 9. 

 

 

 
 

Figure 9. Load profile 

 

 

At the input, we have the current Ipv generated by the PV module and the voltage Vpv between its 

terminals. At the battery’s output, the current Iout and voltage Vout supply the load, which consists of an LED. 

The equivalent model of this battery is shown in Figure 10. 

 

 

 
 

Figure 10. Equivalent model of the battery 

 

 

4.3.  Solar charge controller 

In our study, we chose to use a series regulator, which serves as a protective element for the battery. 

In fact, the system illustrated in Figure 11 includes a buck DC-DC power converter, controlled using the 

principle of pulse width modulation (PWM). This chopper is modeled by the equivalent electrical diagram 

shown within the dotted frame in Figure 11 [22]. 

 

4.4.  Light emitting diodes 

After the three components described above related to the PV powered public lighting, the final link 

in the chain is introduced. This final element is the one that provides illumination via LEDs. Its key 

performance advantages compared to conventional lamps include high irradiance, long lifespan, enhanced 

luminous efficiency, and energy-saving capabilities [6]. The corresponding model of these LEDs is given in 

Figure 12. 
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Figure 11. Equivalent electrical circuit to the solar charge controller 
 

 

 
 

Figure 12. Electrical model of the chosen LEDs 

 

 

4.5.  Measurement of electrical consumption 

The last part of the model in Figure 6, as illustrated in Figure 13, comprises the various devices used 

to measure the annual electrical energy consumption in PV solar street lighting. The energy consumed is defined 

as the product of the total power and the operating period over one year. This function is ensured by the "Stair" 

bloc. Moreover, the total power is determined by multiplying the RMS value of the current and the voltage. 
 

 

 
 

Figure 13. Electrical model of the measuring devices 
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5. RESULTS AND DISCUSSION 

The different models of conventional and PV solar street lighting system presented above, as well as 

their simulations, have allowed us to identify the quarterly energy consumption curve. These simulation results, 

as shown in Figure 14, are compared with the actual billed electricity consumption of "Substation 9" in Dcheira 

El Jihadia in Agadir city. The actual consumption data were collected based on billing records from 2015, as 

illustrated in Table 7. 

 

 

 
 

Figure 14. Actual energy consumption compared to simulations for PV and conventional street lighting of the 

"Substation 9 El Jihadia" 
 

 

Table 7. Quarterly consumption data of street lighting of the "Substation 9 El Jihadia" 
Electric energy consumption Quarter 1 Quarter 2 Quarter 3 Quarter 4 

Cumulative real energy consumption (KWh) 5,547 17,433 19,206 12,016 

Simulated cumulative energy consumption 

for conventional street lighting (KWh) 

3,922.08 12,052.32 21,820.37 38,944.02 

Simulated cumulative energy consumption 

for PV solar street lighting system (KWh) 

43.11 131.54 237.78 424.02 

 
 

Following the studies presented above, as shown in Figure 14, we observe that the actual consumption 

(pink curve) is higher than the conventional energy consumption (green curve) simulated under 

MATLAB/Simulink. This discrepancy is due to the existence of an additional load supplied by the "Substation 

9 El Jihadia": the mosque. However, still according to the results in Figure 14, the simulated energy 

consumption in PV solar public lighting (blue curve) is significantly lower than that of conventional street 

lighting system, since PV LED lamps are more efficient than HPS lamps in terms of light efficiency, lifespan 

and maintenance cost, as illustrated in Table 8. 
 
 

Table 8. Comparison between PV LED lamps and HPS lamps 
Type of lamps Light efficiency (lm/W) Lifetime (h) Maintenance cost 

PV LED lamp 150–180 50,000–100,000 Low 

HPS lamp 47–150 12,000–24,000 High 

 

 

5.1.  Energy and financial gains 

The annual energy savings are calculated as the difference between the annual energy consumption 

of the conventional installation of the "Substation 9 El Jihadia" (54,200 KWh) and that of the PV system 

(16,300 KWh). This result is then divided by the energy consumed by conventional street lighting (54,200 

KWh), giving an energy saving of approximately 70%, as shown in Table 9. 
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Table 9. Energy and financial gains obtained for the "Substation 9" 
Energy and cost savings data Conventional street lighting PV powered public lighting 

Annual consumption (KWh) 54,200 16,300 
Annual cost (MAD) 60,200.48 18,104.57 

Annual energy and cost savings (%) 70 

Annual energy savings per lamp (KWh) 355 

 

 

The key indicator for annual energy savings per lamp is calculated by multiplying the total power of 

the conventional light fixture (70 W+10 W) by the number of lighting hours per year (4,446 h); the result is 

then divided by 1,000, which gives 355 KWh/lamp/year. 

 

5.2.  Ecological gain 

CO2 emissions are calculated using the emission factor for electricity, which is 0.705 Kg CO2/KWh. 

Solar-powered street lighting provides a 70% reduction in CO2 emissions compared to conventional public 

lighting for the "Substation 9 El Jihadia", as shown in Table 10. 

 

 

Table 10. Ecological gain obtained for the "Substation 9" 
Key parameters of ecological gain Conventional street lighting PV powered public lighting 

Annual consumption (KWh) 54,200 16,300 
Emission factor of CO2 (Kg CO2/KWh) 0.705 

CO2 total emission (Kg CO2) 38,211 11,491.5 

CO2 emission reduction (Kg CO2) 26,719.5 
Ecological gain (%) 70 

 

 

5.3.  Payback period 

In order to determine the payback period for the PV powered street lighting of "Substation 9 El 

Jihadia", we have to calculate the first parameter which is the initial investment [23]. The initial investment 

cost is defined as the sum of the acquisition cost and the labour cost for the installation. The cost of equipment 

of the PV system is about 1,349,480 MAD, while the labour cost is approximately 8,475 MAD. Whereas the 

price of the components of the conventional installation did not exceed 618,290 MAD, with a labour cost of 

the installation of approximately 25,425 MAD as shown in Table 11. 
 
 

Table 11. Payback period for the "Substation 9" 
Costs data Conventional street lighting PV powered public lighting 

Cost of equipment (MAD) 618,290 1,349,480 

Labour cost (MAD) 25,425 8,475 
Initial investment cost (MAD) 643,715 1,357,955 

Annual cost of energy consumption (MAD) 88,080 48,415 

Annual energy savings (MAD) 88,080 
Annual operating cost (MAD) 87,450 26,950 

Annual operating savings (MAD) 60,500 
Annual cost savings (MAD) 148,580 

Payback period (years) 9 

 

 

The second parameter is the annual cost of energy consumption which is the product of total power 

of the lamps by the lighting hours per year (4,446 h) and the price of the Kilowatt-hour (1.11071 MAD). This 

average annual cost for the conventional installation is about 88,080 MAD. In the case of PV system where 

consumption is free, the equivalent of annual cost is about 48,415 MAD. 

The last parameter is the annual operating cost which includes the annual cost of energy consumption 

and the annual cost of maintenance related to replacement cost. The conventional system has generated a 

significant cost of about 87,450 MAD. On the contrary, the operating cost for the PV system is only 26,950 

MAD corresponding only to the annual cost of maintenance. Finally, the payback period, which is defined as 

the ratio between the initial investment cost and the annual cost savings [24], [25], is equal to 9 years for the 

testing area as shown in Table 11. 

According to the Figure 14, and Tables 9 to 11, we observe that the PV street lighting system offers 

up to 70% energy savings compared to the conventional system; and also allows for a 70% reduction in CO2 

emissions related to the sustainable development goal 13 (SDG13). 

All these key indicators will help municipality make a decision regarding the implementation of this 

PV installation and, consequently, to fundraising, as this PV installation aligns perfectly with the national 

sustainable development strategy and directly addresses several UN sustainable development goals (SDG7, 
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SDG11, SDG13, and SDG 9), in order to reduce the initial capital investment and thus minimize the payback 

period, which is approximately 9 years. 

 

 

6. CONCLUSION 

The investigations presented in this paper have allowed us to compare the energy consumed by 

conventional street lighting system with the predicted energy consumption if it were replaced by PV solar 

public lighting for "Substation 9" in Dcheira El Jihadia in Agadir city. According to the expected results, we 

can then confirm that the integration of renewable energy sources, such as PV, in street lighting system is much 

more economical with Annual energy and cost savings of about 70%; and, moreover, it is inexhaustible and 

non-polluting allowing a 70% reduction in CO2 emissions. In perspective, a smart street lighting control system 

using machine learning-based optimization will be developed. 

 

 

FUNDING INFORMATION 

Authors state no funding involved. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration.  

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Fatima Outferdine ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Farid Douslimane ✓    ✓ ✓  ✓ ✓  ✓    

Meriem Boudouane  ✓   ✓   ✓ ✓   ✓   

Lahoussine Elmahni  ✓   ✓   ✓  ✓     

Mohamed Ajaamoum    ✓ ✓   ✓  ✓     

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT 

Authors state no conflict of interest. 

 

 

DATA AVAILABILITY 

Derived data supporting the findings of this study are available from the corresponding author, FO, 

on request. 

 

 

REFERENCES 
[1] M. G. Villalva, J. R. Gazoli, and E. R. Filho, “Comprehensive approach to modeling and simulation of photovoltaic arrays,” IEEE 

Trans. Power Electron., vol. 24, no. 5, pp. 1198–1208, 2009, doi: 10.1109/TPEL.2009.2013862. 

[2] B. J. Huang, M. S. Wu, P. C. Hsu, J. W. Chen, and K. Y. Chen, “Development of high-performance solar LED lighting system,” 
Energy Convers. Manag., vol. 51, no. 8, pp. 1669–1675, 2010, doi: 10.1016/j.enconman.2009.11.046. 

[3] Y. Ueda et al., “Advanced analysis of grid-connected PV system’s performance and effect of batteries,” Electr. Eng. Japan (English 

Transl. Denki Gakkai Ronbunshi), vol. 164, no. 1, pp. 21–33, Jul. 2008, doi: 10.1002/eej.20660. 
[4] B. J. Huang, P. C. Hsu, M. S. Wu, and P. Y. Ho, “System dynamic model and charging control of lead-acid battery for stand-alone 

solar PV system,” Sol. Energy, vol. 84, no. 5, pp. 822–830, 2010, doi: 10.1016/j.solener.2010.02.007. 

[5] C. H. Li, X. J. Zhu, G. Y. Cao, S. Sui, and M. R. Hu, “Dynamic modeling and sizing optimization of stand-alone photovoltaic power 
systems using hybrid energy storage technology,” Renew. Energy, vol. 34, no. 3, pp. 815–826, 2009, doi: 

10.1016/j.renene.2008.04.018. 

[6] M. S. Wu, H. H. Huang, B. J. Huang, C. W. Tang, and C. W. Cheng, “Economic feasibility of solar-powered led roadway lighting,” 
Renew. Energy, vol. 34, no. 8, pp. 1934–1938, 2009, doi: 10.1016/j.renene.2008.12.026. 

[7] L. Al-Kurdi, R. Al-Masri, and A. Al-Salaymeh, “Economical Investigation of the Feasibility of Utilizing the PV Solar Lighting for 

Jordanian Streets,” Int. J. Therm. Environ. Eng., vol. 10, no. 1, pp. 79–85, 2015, doi: 10.5383/ijtee.10.01.012. 

[8] H. J. El-Khozondar et al., “Photovoltaic Solar Energy for Street Lighting : A Case Study at Kuwaiti Roundabout , Gaza Strip , 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Comparative study of the public lighting using a conventional and solar energy-case … (Fatima Outferdine) 

3893 

Palestine,” Power Eng. Eng. Thermophys., vol. 3, no. 2, pp. 77–91, 2024, doi: 10.56578/peet030201. 
[9] G. Pintér, N. H. Baranyai, A. Wiliams, and H. Zsiborács, “Study of photovoltaics and LED energy efficiency: Case study in 

Hungary,” Energies, vol. 11, no. 4, pp. 1–13, 2018, doi: 10.3390/en11040790. 

[10] M. Rebhi, A. Benatillah, M. Sellam, and B. Kadri, “Comparative study of MPPT controllers for PV system implemented in the 
south-west of Algeria,” Energy Procedia, vol. 36, pp. 142–153, 2013, doi: 10.1016/j.egypro.2013.07.017. 

[11] B. Mohapatra, B. N. Mohapatra, and B. P. Jarika, “Power Saving Solar Street lights,” Int. J. Emerg. Technol. Eng. Res., vol. 5, no. 

5, pp. 105–109, 2017. 
[12] R. G. Allwyn, R. Al Abri, and A. Malik, “Economic Analysis of Replacing HPS Lamp with LED Lamp and Cost Estimation to Set 

Up PV / Battery System for Street Lighting in Oman,” Energies, vol. 14, no. 22, pp. 1–25, 2021, doi: 10.3390/en14227697. 

[13] M. Li et al., “Comparison research of street lamps: Characteristic parameters and lighting performance of light-emitting diodes, 
high pressure sodium lamps and ceramic discharge metal halide lamps,” Appl. Mech. Mater., vol. 229–231, pp. 2610–2614, 2012, 

doi: 10.4028/www.scientific.net/AMM.229-231.2610. 

[14] D. Smith and H. Zhu, “Properties of high intensity discharge lamps operating on reduced power lighting systems,” J. Illum. Eng. 
Soc., vol. 22, no. 2, pp. 27–39, 1993, doi: 10.1080/00994480.1993.10748037. 

[15] A. T. Queiroz et al., “Efficiency Evaluation in Public Lighting by Using LED and HPS Technologies,” Int. J. Energy Sci. Eng., vol. 

5, no. 1, pp. 12–21, 2019. 
[16] M. Rico-Secades et al., “Complete low-cost two-stage electronic ballast for 70-W high-pressure sodium vapor lamp based on 

current-mode-controlled buck-boost inverter,” IEEE Trans. Ind. Appl., vol. 41, no. 3, pp. 728–734, 2005, doi: 

10.1109/TIA.2005.847281. 
[17] P. Sankhwar, “Conversion of streetlights to light-emitting diode (LED) type,” J. Electr. Syst. Inf. Technol., vol. 12, no. 1, 2025, doi: 

10.1186/s43067-025-00192-2. 

[18] A. S. Martyanov, D. V Korobatov, and E. V Solomin, “Simulation Model of Public Street Lighting Provided by a Photovoltaic 
Converter and Battery Storage,” Int. Conf. Ind. Eng. Appl. Manuf., pp. 11–15, 2017, doi: 10.1109/ICIEAM.2017.8076213. 

[19] S. P. Koko, M. Sumbwanyambe, and X. P. Yokwana, “Evaluating PWM Solar Charge Regulators for Off-Grid Solar PV Street 

Lighting Systems Using Linear Regression Approach,” Energies, vol. 18, no. 21, 2025, doi: 10.3390/en18215646. 
[20] A. Shukla, M. Khare, and K. N. Shukla, “Modeling and Simulation of Solar PV Module on MATLAB/Simulink,” Int. J. Innov. Res. 

Sci. Eng. Technol., vol. 04, no. 01, pp. 18516–18527, 2015, doi: 10.15680/ijirset.2015.0401015. 

[21] Krismadinata, N. A. Rahim, H. W. Ping, and J. Selvaraj, “Photovoltaic Module Modeling using Simulink/Matlab,” Procedia 
Environ. Sci., vol. 17, pp. 537–546, 2013, doi: 10.1016/j.proenv.2013.02.069. 

[22] S. Chakraborty, M. M. Hasan, I. Worighi, O. Hegazy, and M. A. Razzak, “Performance Evaluation of a PID-Controlled Synchronous 

Buck Converter Based Battery Charging Controller for Solar-Powered Lighting System in a Fishing Trawler,” Energies, vol. 11, 
no. 10, 2018, doi: 10.3390/en11102722. 

[23] M. O. Babatunde, T. O. Akinbulire, P. O. Oluseyi, and M. U. Emezirinwune, “Techno-economic viability of off-grid standalone 

PV-powered LED street lighting system in Lagos, Nigeria,” African J. Sci. Technol. Innov. Dev., vol. 11, no. 7, pp. 807–819, 2019, 
doi: 10.1080/20421338.2019.1586112. 

[24] E. Belloni, A. Massaccesi, C. Moscatiello, and L. Martirano, “Implementation of a New Solar-Powered Street Lighting System: 

Optimization and Technical-Economic Analysis Using Artificial Intelligence,” IEEE Access, vol. 12, no. April, pp. 46657–46667, 
2024, doi: 10.1109/ACCESS.2024.3382191. 

[25] M. M. Ibrahim, A. M. Elwany, and L. K. Elansary, “Sustainable technical design and economic–environmental analysis of SMART 

solar street lighting system in Giza City, Egypt,” Int. J. Energy Environ. Eng., vol. 12, no. 4, pp. 739–750, 2021, doi: 
10.1007/s40095-021-00403-2. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Fatima Outferdine     Ph.D. researcher, Laboratory of Engineering Sciences and 

Energy Management (LASIME), High School of Technology of Agadir (ESTA), Ibn Zohr 

University, Agadir, Morocco. Her field of research interests include renewable energy, solar 

street lighting, internet of things, wireless sensor networks, energy audit, power electronics, 

and energy efficiency. She can be contacted at email: fatima.outferdine@edu.uiz.ac.ma. 

  

 

Farid Douslimane     was born in Agadir, Morocco, in 1971. He has been a professor 

since 1994 in the Department of Physics at the Faculty of Sciences, Rabat. He holds a 

Baccalaureate in Electrotechnics (1989), a diploma from the Higher Normal School of 

Technical Education (ENSET), Rabat (1994), and a Diploma of Advanced Studies (DESA) 

from the Mohammadia School of Engineers (EMI). His research focuses on the smart grid and 

the integration of renewable energy, with particular interest in energy efficiency and intelligent 

electrical systems. He can be contacted at email: f.douslimane@um5.ac.ma and 

farid.douslimane@edu.uiz.ac.ma. 

  

https://orcid.org/0009-0001-5055-6520
https://scholar.google.com/citations?user=YXjUOvIAAAAJ&hl=fr&authuser=1&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57222628182
https://www.webofscience.com/wos/author/record/51512056
https://orcid.org/0009-0002-3048-4985


                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 15, No. 5, October 2026: 3882-3894 

3894 

 

Meriem Boudouane     graduated in electronics from Al Idrissi Technical High 

School. She then obtained a University Diploma of Technology (DUT) in Electrical 

Engineering from the Higher School of Technology (EST) Agadir, a fundamental degree in 

Physical Sciences, and a Master’s degree in Materials Engineering and Renewable Energy at 

the Physics Department of the Faculty of Science, University Ibn Zohr Agadir, Morocco. She 

is currently working on her research into the management and optimization of microgrid energy 

flows. She can be contacted at email: meriemprof@gmail.com. 

  

 

Lahoussine Elmahni     was born in Agadir, Morocco in 1968; Professor (1993) in 

electrical engineering at faculty of science with bachelor (1989) in electronics in higher normal 

school of technology (ENSET), Rabat and a post graduate degree in (2008), of energy and 

environment in the National School of Applied Sciences (ENSA) of Agadir. His research is 

focused on smart grid, electric vehicles, demand response, energy efficiency, renewable energy 

integration, energy storage, and distributed resources. He can be contacted at email: 

l.elmahni@uiz.ac.ma. 

  

 

Mohamed Ajaamoum     professor Ph.D. at the Department of electrical 

engineering, High School of Technology of Agadir, Ibn Zohr University, Agadir, Morocco. 

His research interests are in photovoltaic systems, fuzzy control, neural network, renewable 

energy technologies, system modeling, and power electronics. He can be contacted at email: 

m.ajaamoum@uiz.ac.ma. 

 

https://orcid.org/0009-0000-2790-6943
https://www.scopus.com/authid/detail.uri?authorId=59500604600
https://www.webofscience.com/wos/author/record/57885965
https://orcid.org/0000-0002-4355-2628
https://scholar.google.com/citations?user=LbV2uVEAAAAJ&hl
https://www.scopus.com/authid/detail.uri?authorId=56737211800
https://www.webofscience.com/wos/author/record/HPF-1818-2023
https://orcid.org/0000-0003-0119-8541
https://www.scopus.com/authid/detail.uri?authorId=55810337800
https://www.webofscience.com/wos/author/record/62144442

