
Article citation info: 53 

Khennane MB, Boughali S, Bechki S, Zaghba L,Fezzani A, Mahammed IH. Experimental performance characterization and economic 

efficiency of 16.28 kWp grid-tied PV systems in semi-arid climate. Diagnostyka. 2021;22(2):53-65. https://doi.org/10.29354/diag/135926   

 

  

DIAGNOSTYKA, 2021, Vol. 22, No. 2 

ISSN 1641-6414 
e-ISSN 2449-5220 

DOI: 10.29354/diag/135926 

 

 

EXPERIMENTAL PERFORMANCE CHARACTERIZATION AND 

ECONOMIC EFFICIENCY OF 16.28 KWP GRID-TIED PV SYSTEMS 

IN SEMI-ARID CLIMATE 
 

Messaouda Benbitour KHENNANE 1, 2, Slimane BOUGHALI 1, Djamel BECHKI 1, Layachi ZAGHBA 2,  

Amor FEZZANI 2, Idriss Hadj MAHAMMED 2 

1 Laboratoire des Energies Nouvelles et Renouvelables dans les Zones Arides (LENREZA), Faculté des Sciences 

et de la Technologie et des Sciences de la Matière, Université Kasdi Merbah Ouargla, Ouargla 30000 

(Algérie). layachi.zaghba@gmail.com; Algeria 
2 Unité de Recherche Appliquée en Energies Renouvelables, URAER, Centre de Développement des Energies 

Renouvelables, CDER, 47133, Ghardaïa, Alegria. 

 
Abstract 

The study of the paper aims to present a solar power plant performances and economic benefits of 16.28 

kWp grid-tied solar PV systems under the real outdoor conditions of Ghardaïa, located in semi-arid area of the 

Algeria desert. The main goal of this study is to investigate the effectiveness, suitability, feasibility and 

reliably of these plants on the level of desert areas and under the influence of harsh conditions (desert 

environment) in the first part. In the second part, the contribution of solar PV plant to conventional networks 

in the arid and semi-arid environment to assess the rate of integration. Based on experimental measurement 

data, the paper also shows economic benefits of three photovoltaic plants. It was found that from the first 

January to last August 2019, the total produced energy by all PV arrays was 171.422 MWh which supplied to 

the internal grid and while, the consumed energy by the URAER unit was 159,094 kWh. Approximately 10, 

95 % of the 159,094 MWh energy consumed in the whole year is provided from the generated PV solar 

energy that is 17,422 MWh. The  total energy fed to the internal grid has grown from 27 MWh in 05/04/2018 

to a maximum of 67.28 MWh recorded in 31/10/2019. The rate of integration of solar energy by all PV arrays 

in the internal network of the URAER varied between 6, 60% in January and 22, 96% in April. The 

integration of this renewable energy generation into the local grid in the URAER unit considered satisfactory 

over this period of operation. From the first January to last August 2019, the cost of electrical energy produced 

by solar plants is 2090,64 euro(277706,68 Algerian dinars) while the cost of energy   consumed by the 

Applied Research Unit in renewable energies is 4772,82 euro(664853,826 Algerian dinars).  
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1. INTRODUCTION 

 

In a rapidly changing global energy context 

marked by a decrease in conventional fossil fuels and 

ever-increasing greenhouse gas emissions, the 

development of renewable energies remains the most 

effective bulwark. The global electricity generation 

capacity of PV has raised from 40 GW in 2010 to 

415 GW in 2017 [1]. Of all renewable energies, solar 

photovoltaic (PV) is of particular interest for Algeria, 

since it has a solar deposit favorable to the 

development of this form of energy. Currently, the 

global installed capacity is about 344 MWp 

according to the Electricity & Renewable Energy 

Company, SKTM [2]; (www.sktm.dz). The most of 

these plants are located in arid under the external 

severe climate such (heat, sands, soiling, dust) and, 

there is no reliable model to predict instantaneous 

electricity production [3, 4]. PV systems are in 

accelerated aging conditions and degradation 

compared to installations in humid climatic zones [5, 

6]. Several studies have been conducted on the 

evaluation of the performance of PV solar power 

plants installed worldwide. Various efforts are made 

by the research community for assessing the 

performance of PV solar power plants. Some of the 

results relevant are summarized as follows. 

Environmental impacts on the performance of solar 

photovoltaic systems. Four environmental factors 

(the accumulation of dust, water droplets, birds’ 

droppings, and partial shading conditions) affecting 

system performances are investigated. It was found 

that dust accumulation reduced the power output by 

8.80% and the efficiency by 11.86%, while birds 

fouling the PV module surface was found to reduce 

the PV system performance by about 7.4% [7]. 

Makrides et al evaluated 13 different photovoltaic 

technologies in two localities (Nicosia, Cyprus and 

Stuttgart, Germany), all connected to the network 

with the power of 1kWp. The results have shown 

that the highest energy yields (1580 kWh /kWp) 

compared to those installed at Stuttgart (1194 kWh 

/kWp) [8]. Kymakis et al conducted a study on the 
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analysis of the performance of a power plant 

connected to the network 171.36kWp electric powers 

on Crete Island, Greece in 2002. Monitoring of this 

PV system was carried out during a year: the 

performance report and the different power losses 

(temperature, dust, electrical network, availability of 

network) have been calculated. Final yield (Yf) 

varies between 1.96 and 5.07 hours per day and the 

performance report between 58 to 73% with an 

annual ratio of 67.36% [9]. Behiri et al presents an 

experimental investigation for performance 

evaluation and energy efficiency estimation of a 

specific grid connected photovoltaic power system 

under real meteorological conditions installed in 

Ma'an, Jordan. The grid connected photovoltaic 

power system was considered satisfactory during this 

period, where the annual energy efficiency of the 

OPVP was 12.1%, the average annual value of the 

performance ratio was 78.14%, and the average 

annual capacity factor was 26.34% [10] .A more 

recent study by Sharma et al focused on the 

evaluation of the performance of different PV 

technologies made of polycrystalline silicon, thin-

film and amorphous silicon at the Center for Solar 

Energies in India. To do this, the energy efficiency 

and performance reports have been calculated. The 

performance comparison concluded that the thin film 

and amorphous silicon technology performed better 

[11]. Performance of for connected PV system is 

highly sensitive to the operating temperature. 

Performance enhancement of grid-tied PV system 

through proposed design cooling techniques: An 

experimental study and comparative analysis [12]. 

Depending on the various works carried out on the 

topic, the purpose of our work is to assess the 

performance and economic benefits of 16.28 kWp 

grid-tied solar PV systems under extreme climate 

conditions in a desert region from the south of 

Algeria (semi-arid conditions). 

 

2. PHOTOVOLTAIC ARRAY MODELING 

The equivalent circuit of the PV cell (single diode 

model) is presented in Fig. 1. The output current of 

the photovoltaic generator is given by the following 

expression [13, 14]: 

 

𝐼 = 𝐼𝑝ℎ − 𝐼0𝑁𝑝𝑝 [𝑒𝑥𝑝 (
𝑉+𝑅𝑠(

𝑁𝑠𝑠
𝑁𝑝𝑝

)𝐼

𝑉𝑡𝑎𝑁𝑠𝑠
− 1)] −

𝑉+𝑅𝑠(
𝑁𝑠𝑠
𝑁𝑝𝑝

)𝐼

𝑅𝑃(
𝑁𝑠𝑠
𝑁𝑝𝑝

)
 (1) 

 

Where,𝐼, 𝐼𝑝ℎ and 𝐼0 are the current array, the photo 

generated and the reverse current respectively. 𝑉 , 𝑉𝑡 
are the array ant the thermal voltage respectively. a, 

is the diode ideality factor. 𝑅𝑠  , 𝑅𝑠ℎ  are cell series 

and shunt resistance. 𝑁𝑠𝑠 , 𝑁𝑝𝑝  are the number of 

modules in series and parallel. 

The equation of the internal temperature of the cell 

is a function of the ambient temperature. The 

nominal operating temperature of the cell (NOCT) is 

as follows [13, 15]: 

𝑇𝑐 = 𝑇𝑎 + (
𝑁𝑂𝐶𝑇−20

800
)𝐺                     (2) 

 

Fig 1. Equivalent circuit of a PV cell, single diode model 

 

Where, 𝑇𝑎 is the ambient temperature and 𝑇𝑐 is the 

PV module temperature. 

The experimental PV array efficiency is calculated 

using the following expression [16, 17]:  

𝜂𝑒𝑥𝑝 =
𝑉𝑑𝑐𝐼𝑑𝑐

𝐺𝐴
                            (3) 

Where, 𝑉𝐷𝐶is the PV voltage output, 𝐴 is the total 

area occupied by the PV array (m²). 

The PV array output power can be calculated 

using the following expression [18]: 

𝑃 = 𝑃𝑠𝑡𝑐𝜂𝑠𝑡𝑐𝐴[1 − 𝛿(𝑇𝑐 − 25)]              (4) 

Temperature effect on PV parameters can be 

calculated using the following expression [19][20]: 

{
 
 

 
 
𝑃𝑚𝑝𝑝(𝑇) = 𝑃𝑚𝑝𝑝[1 − 𝛾(𝑇 − 25°𝐶)       

𝑉𝑚𝑝𝑝(𝑇) = 𝑉𝑚𝑝𝑝[1 − 𝛽(𝑇 − 25°𝐶)        
 

𝐼𝑚𝑝𝑝(𝑇) = 𝐼𝑚𝑝𝑝[1 − 𝛼(𝑇 − 25°𝐶)         

𝑉𝑜𝑐(𝑇) = 𝑉𝑜𝑐[1 − 𝛽(𝑇 − 25°𝐶)

𝐼𝑠𝑐(𝑇) = 𝐼𝑠𝑐[1 − 𝛼(𝑇 − 25°𝐶)
             

  (5) 

Where, 𝐼𝑚𝑝𝑝 and 𝑉𝑚𝑝𝑝 are short circuit current and 

open circuit voltage respectively at Standard Test 

Conditions. 𝑉𝑜𝑐  and 𝐼𝑠𝑐  are open circuit voltage and 

short circuit current respectively . 𝛼 , 𝛽 and 𝛾 are the 

current/ temperature the voltage/temperature and 

power temperature/ coefficient respectively. 

 

3. POWER GAIN 
 

The performance of the system’s power gain is 

calculated using the equation bellow [21]: 

 

𝑃𝐺𝑎𝑖𝑛 =
𝑃𝑡𝑟𝑎𝑐𝑘−𝑃𝑓𝑖𝑥

𝑃𝑡𝑟𝑎𝑐𝑘
× 100              (6) 

 

Where,  𝑃𝑡𝑟𝑎𝑐𝑘  is the power output of the solar 

tracking system, 𝑃𝑓𝑖𝑥  the power output of a fixed 

solar system and 𝑃𝐺𝑎𝑖𝑛 is the power gain. 

 

4. EXPERIMENTAL SETUP 
 

This study focused on the desert environment, the 

experiment was carried out in the Applied Research 

Unit for Renewable Energies (URAER) located at 

Ghardaia, southern Algeria (32,29°N – 3,40°E), 

affiliated to the Renewable Energy Development 

Center (CDER). This power plants include three 

grid-tied PV systems, the first is a fixed power plant 

inclined with an angle of 32° with a capacity of 2.25 

kWp installed on the roof of parking car connected 

to the internal grid of URAER unit through an 

inverter sunny boy 3000 TL 20 working since 
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October 2014 and the second is a dual-axis tracking 

solar power plant with a capacity of 2.25 kWp tied to 

the internal grid of URAER unit through an inverter 

sunny boy 3000 HF, while the third power plant with 

a capacity of 11.28 kWp, contains three similar 

plants of 3.76 kWp each connected to one of the 3 

internal network phases of the unit through an 

inverter sunny boy 4000 TL. The purpose of these 

power plants is to know the effectiveness, suitability, 

reliably and economic efficiency of these plants on 

the level of desert areas and under the influence of 

harsh conditions for this environment (desert area). 

The objective also is to see the rate of integration and 

the energy contribution of solar PV to conventional 

networks under the arid and semi-arid environments. 

Fig 2 shows a map that contains a PV plant 

installed at the field of Applied Research Unit for 

Renewable Energies (URAER), Ghardaia as a 

specific desert climate environment. [22, 23] .It has 

an extremely hot and dry climate throughout the 

year. Temperature ranges from 35 ° C to 45 ° C and 

exceeds 48°C in summer; rain is rare and low 

humidity rate. The months of March, April, and May 

are a transitional period in which sand storms occur, 

which leads to the accumulation of sand dust on the 

surfaces of solar panels [24, 25]. 

 

 

Fig. 2. Location of the power plant installed at Ghardaia, Algeria by Google Earth 

 

A global diagram of all the Mini-power stations is represented by Fig 3. 

 

Fig. 3. Schematic of three grid-connected PV systems located in URAER, Ghardaia, Algeria. 
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4.1 Data monitoring and collection 

Agilent 34970A includes a multiplexer module 

Agilent 34902A with sixteen channels that were used 

to measure both the DC and AC electrical parameters 

of the PV array (energy, power, current, voltage, 

etc.). Also, the meteorological data (ambient 

temperature and global radiations) were measured 

using a thermocouple and a pyranometer 

(KIPP&ZONEN CM11 type) respectively. These 

parameters are recorded with an interval of five 

minutes and saved on daily files. All the measured 

parameters are sent to the PC via the RS232 interface 

as shown in Fig 4. 

 

4.2 Description of the solar PV power plant 

4.2.1 First fixed mini-photovoltaic power plant 

  This grid-connected pilot photovoltaic power plant 

installed on the roof of parking, with a total power of 

2.25 kWp, has fully injected the energy produced 

into was fed into the internal electrical of the 

URAER, since it was inaugurated on 10/14/2014. It 

consists of 18 modules of amorphous silicon (thin 

film), of 110 Wp each, mounted in 9 branches of two 

modules in series, the sunny boy SMA 3000 TL 

inverter with two inputs of 150 V, 15 A and a single-

phase output 220 V 50Hz.  

Fig’ 6 shows the characteristics I (V) and P (V) 

of the Inventux series X photovoltaic module at T = 

25 ° C and G = 1000 W/m². 

 

Fig. 4. Measurement data of both electrical and 

meteorological parameters using Agilent 34970A data 

logger 

 

 

Fig. 5. Mini-photovoltaic power plant fed into the internal electrical grid of the URAER unit 

 

 

 

DC 
Box 

AC Box 

SMA Inverter 
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Fig. 6. Current-voltage and power-voltage characteristics 

of the PV module. Type: Inventux X3 – 125 

 

Characteristics of the X3-125 electrical PV 

modules and electrical properties of the Sunny Boy 

SB 3000TL-20 inverter are presented in table 1. 

 
Table 1. Specification of the installed PV module X3-125 

and the eelectrical proprieties of the inverter sunny Boy SB 

3000TL-20 
PV Module : Thin Film 

Inventux Solar technologies 

SB 3000TL-20 

Type  X3-

125 

Max DC power  3200 W 

Typical maximum 

power 

127 

W 

Max DC voltage                      550 V 

Voltage at maximum 

power (Vmp) 

127 V PV voltage range, 

MPPT (UPV, max)     

125 V – 

440 V 

Current at maximum 

power (Imp) 

1.01 

A 

Recommended range at 

nominal power    

188 V – 

440 V 

Short-circuit current 

(Isc) 

1.22 

A 

Max input current (IPV, 

max)           

17 A 

Open-circuit voltage 

(Voc) 

168 V Number of MPP 

trackers               

1 
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Fig. 7. Variation of monthly energy production DC and 

AC of the PV system (2018) 

 

Figure 7 shows the measurements data of total 

DC and AC energy produced per month for the one 

year 2018 (kWh) by the first 2.25 kWp fixed mini- 

power plant. It can be observed that the DC energy 

produced by the PV array varied between 229, 86 

kWh/kWp in February and 317, 0074 kWh/kWp in 

June, while monthly AC energy generated by the 

inverter which directly fed the internal grid varied 

between 218,367 kWh in February and 298,938 kWh 

in June. The total DC energy produced by the PV 

array over the year 2018 is 3327,159 kWh (3,327 

MWh) while the total AC energy feeding directly to 

the local grid is  3152,309 kWh (3,152 MWh). 

 

 

 

4.2.2 Second mini-photovoltaic power plant 

with dual axis tracking  

The grid-connected field consists of 15 

polycrystalline silicon solar modules 150Wp (Table 

2) each one overall installed capacity of 2.25kWp, 

covering a total surface area of 30 m2 and with dual-

axis tracking to increase the energy production 

(power gain) of the mini-power plant about 45% 

compared to fixed structures. This power plant was 

inaugurated in 19/05/2016. The PV modules are 

arranged in series and connected to a 3000 W Sunny 

Boy SB3000 HF inverter (Table 2) feeding directly 

into internal the grid of the URAER unit (see Fig. 8). 

Its efficiency is 96% in the bad case conditions. At 

the outlet of the inverter, there is a single-phase 

alternating voltage of 230 V, 50 Hz and at the front, 

there is a display to read out the DC/AC voltage, the 

DC/AC current and the DC/AC output power, daily 

and total amounts of electrical energy generated by 

the solar PV modules (see Fig. 8). Table 1 shows the 

specifications of the PV module and the inverter. 

 

  

 

Fig. 8. Mini-photovoltaic power plant with dual axis sun 

tracking (2.25 kWp) fed into the internal electrical grid, 

installed at the URAER unit 

Fig. 9 shows the PV-array energy output is 12,95 

kWh, with peak production of almost 1700 watts, for 

a cloudy day (09/08/2018). It can be seen that the 

power production profile is disrupted due to the 

passage of a cloud which subsequently leading to 

decreased power production. 

Fig.10 shows the PV-array power output for a 

sunny day (28/09/2019). As in the previous case, the 

power follows the instantaneous changes in the 

irradiance. The PV-array energy output is 18,376 

kWh. The electrical power output is constant along 

the day and reaches the maximum about 1848 kWh 

due to dual-axis sun tracking system operation. We 

note according to Figure 10 that the electrical energy 
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delivered by a fixed module is practically low 

compared to that of a motorized module. In the case 

of the fixed PV module, our curve is far from the real 

curve in the morning and the evening, but the values 

get closer when we tend towards noon see Figure 10. 

This divergence explains the need to orient panels 

towards the sun along the day to have maximum 

power for each moment of the day. 
 

Table 2 Electrical PV module characteristics Sunmodule 

150 and electrical proprieties of the inverter sunny Boy SB 

3000HF 
Parameters PV 

Module  

PV array SB 3000 HF 

Type  Sunmodule  Sunmodule Max DC power  3150W 

Typical 

maximum 

power 

150 Wp 2250 kWp Max DC 

voltage                      

700 V 

Voltage at 

maximum 

power (Vmp) 

18.3 V 274.5 V PV voltage 

range, MPPT 

(UPV, max)     

210 V 

– 560 

V 

Current at 

maximum 

power (Imp) 

8.27A 8.27 A Recommended 

range at 

nominal power    

530 V 

Short-circuit 

current (Isc) 

8.81 A  8.81 A Max input 

current (IPV, 

max)           

15 A 

Open-circuit 

voltage 

(Voc) 

22.5V 337.5 V Number of 

MPP trackers               

1/2 

Rendement ɳ 14,3 %  Nominale 

power AC (230 

V, 50 Hz) 

3000 

W 

Number of 

module in 

series (Ns) 

1 15 Efficiency 96,3 % 
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Fig. 9. Daily PV power production profile on a cloudy day 

(09/08/2018) 
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Fig. 10. Daily PV power production profile on  

a sunny day (28/09/2019) 
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Fig. 11. The energy produced per month for the year 2019 

 

Fig. 11 shows the monthly total energy generated 

and feeding directly  to the local grid by the power 

system during the monitored period the monitored 

data of the plant form 1st January, to December, 31 

,2019 varied between 313,629 kWh/kWp in February 

and 575,117 kWh/kWp in June. The total energy 

over the year 2019 is 5423,174 kWh (5,423 MWh). 

 

4.2.3 Third mini-photovoltaic power plant 

with dual axis tracking  

 

The 11.28kWp photovoltaic system connected to 

the network ensures the total injection of the energy 

produced in the internal grid of the applied research 

unit for renewable energies (URAER). This power 

plant was commissioned in November 2017. It 

consists of 3 mini-power plants of 3.76 kWp 

equipped with a sun tracking system to increase their 

energy efficiency compared to the same fixed-tilt 

system. Each mini-power plants connected to one of 

the three phases of the unit's internal network 

through a single inverter sunny boy 4000 TL (Table 

3). Each mini-central is equipped with 16 

monocrystalline silicon modules 235 Wp 24 V 9 A, 

"CentroSolar S-Class Professional", with a total 

surface area of 30 m². Fig. 12-14 shows the grid-

connected PV system configuration. 

 

Fig. 12. Photovoltaic mini-power plant with solar tracking 

system (11.28kWp) connected to the internal network of 

the URAER unit 

 

The electrical characteristics of an S 235P60 

Professional polycrystalline module array and the 

inverter sunny Boy SB 4000 TL is presented in the 

following table. 
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Fig. 13. Inverters and injection cabinets 

 
Fig. 14. Synoptic diagram of the three PV power plants 

dual axis solar tracking with connected to the local grid 

 
Table 3. Electrical PV module characteristics CentroSola S 

235P60 and electrical proprieties of the inverter sunny Boy 

SB 4000 TL 

Parameters PV 

Module  

PV 

array 

SB 4000TL 

Type  CentroS
olar  

CentroS
olar  

Max DC 
power  

4200
W 

Typical 

maximum 
power 

235 Wp 3513.51 Max DC 

voltage                      

550 V 

Voltage at 

maximum 

power (Vmp) 

28,70  

V 

429 PV voltage 

range, MPPT 

(UPV, max)     

175 V 

– 440 

V 

Current at 

maximum 

power (Imp) 

8,19 A 8.19 Recommended 

range at 

nominal power    

400 V 

Short-circuit 
current (Isc) 

8,59 A  8.59 Max input 
current (IPV, 

max)           

15 A 

Open-circuit 
voltage (Voc) 

36,46 V 546.9 Number of 
MPP trackers               

1/2 

Rendement ɳ 14,3 %  Nominale 

power AC 
(230 V, 50 Hz) 

4000 

W 

Number of 

module in 

series (Ns) 

1 16 Efficiency 97 % 

 

Radiation effect on the characteristic of the 

photovoltaic field 

Fig. 15 presents the evolution of the 

characteristic (I-V) and (P-V) of the PV field (16 

modules in series) as a function of the irradiation. 

a) 

 
b) 

 
Fig. 15. Effect of irradiation on the I-V and P-V 

characteristic of the photovoltaic field (16 modules in 

series) 

 

Effect of temperature on the characteristic of the 

photovoltaic field 

 

Fig. 16 shows the evolution of the characteristic 

(I-V) and (P-V) of the PV field (16 modules in 

series) as a function of temperature. 

a) 

 
b) 

 
Fig. 16. Effect of temperature on the I-V and P-V 

characteristic of the photovoltaic field (16 modules in 

series) as a function of temperature. 
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Fig. 17. Daily PV power production profile on a partly 

cloudy day (September 21, 2018) 

 

Fig. 17 presents the daily electric power of the 

photovoltaic field (September 21, 2018, clear sky). 

The power gradually increases from sunrise until 3 

kWp at noon, while from noon until sunset the sky is 

cloudy and the power decreases and becomes zero at 

night. The total produced energy by the PV array 

was 19,392 kWh. 
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Fig. 18. Daily PV power production profile on a partly 

cloudy day (June 26, 2018) 

 

Fig. 18 shows the daily electric power produced 

by the photovoltaic field (June 26, 2018, cloudy 

sky). As we can see that in the morning and evening 

the sky is sunny, but in the middle of the day the sky 

is cloudy (from 11h: 00 to 15h: 00) and the power 

reached its maximum. The total produced energy by 

the PV array was 19,111kWh. 

Fig. 19 shows the daily PV power production 

profile on a full sunny day (October 25, 2018). It 

varies during the day in a Gaussian way between 0 

W / m² and 3000 W. PV power production is weak in 

the vicinity of sunrise and sunset, and it reaches the 

maximum in the middle of the day, that is to say at 

noon when the sun's height is maximum. The total 

produced energy by the PV array was 21,553 kWh. 
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Fig. 19. Daily PV power production profile on a sunny day 

(October 25, 2018) 
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Fig. 20. Daily PV power production profile on a mostly 

sunny day (August 31, 2018) 

 

Fig. 20 depicts the daily PV power production 

profile on a mostly sunny day (August 31, 2018).The 

total produced energy by the PV array was 20,834 

kWh. 
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Fig. 21. Daily PV power production profile in an overcast 

day (August 12, 2018) 

 

Fig. 21 presents the daily PV power production 

profile on an overcast day (August 12, 2018). The 

total produced energy by the PV array was 10,722 

kWh. the electrical output is in harmony with the 

solar radiation that receives each PV panel. 

 

5. RESULTS AND DISCUSSIONS 
 

Operational performance of the all present on-

grid solar PV system installed analyzed for the actual 
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recorded output real data of the plants and weather 

parameters. 

The output daily power profile of the all PV plant 

(kW) is shown in Fig 22. The total produced energy 

by the PV array on 07 October 2019  was 79,662 

kWh while the total produced energy by the PV 

array on 30 September 2019  was 75,975 kWh. From 

all results above, we can see that all PV array have 

lower conversion efficiency compared to their 

nominal value (power losses). The PV panels under 

continuous operation eventually suffer from 

obstacles. Among the obstacles that impede these 

power plants in this site (arid and semi-arid area) are 

sand storms and the accumulation of sand, dirt, and 

dust on the solar panels which decrease the 

irradiance transmittance that caused the degradation 

in the electrical performance and reduction of PV 

power output (see Fig 23). The soiling losses were 

4–5% during the winter and 6–7% during the 

summer period, resulting in annual losses at 5.86% 

[9]. To maximize the production of photovoltaic 

solar modules and minimize degradation due to the 

accumulation of dust, frequent cleaning is strongly 

recommended. Another phenomenon (most 

important factors) can be observed that the most time 

operation temperature of the power plants was higher 

than 25 °C, which contributes to the reduction in 

output power. 
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Fig. 22. daily Output power profile of the all PV plant 

(kW) for two days: partly cloudy day (07 Oct 2019) and 

sunny day (30 Sep 2019) 

 

 
Fig. 23. picture demonstrate the influence of sandstorms on 

PV array 

 

Fig. 24 shows the daily energy generated by all 

this installation in two months, July and October. As 

we can observe that in October the daily electricity 

generated by the all power plant varied between 64 

KWh and 94 kWh, while in July, the daily electricity 

generated by the all power plant varied between 71 

kWh and 91 kWh. The total energy generated by the 

installation in October 2566 kWh (2,566 MWh) 

while, the total energy generated by the installation 

in July 2658 kWh (2,658 MWh). 
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Fig. 24. Daily energy generated by all PV power plants 

(kWh) in July and October 
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Fig. 25. The gradual incremental production of energy 

injected into the internal grid 

 

Fig. 25 shows the gradual incremental production 

of energy injected into the internal grid .As shown in 

figure , the  total energy fed to the internal grid has 

grown from 27 MWh in 05/04/2018 to a maximum 

of 67.28 MWh recorded in 31/10/2019. 

• The energy injected into the internal network of the 

URAER unit by all the photovoltaic power plants 

since their commissioning until the day 05/04/2018 

is 27 MWh. 

• The energy injected by all the photovoltaic power 

plants since their commissioning until the day 

15/10/2018 is 37.62 MWh. 

• The energy injected by all the photovoltaic power 

plants since their commissioning until the day 

05/01/2019 is 45.16 MWh. 

• The energy injected by all the photovoltaic power 

plants since their commissioning until the day 

31/04/2019 is 67.28 MWh. 

The monthly production of all PV plants (kWh) 

during the year 2019 is shown in Fig. 26. The 
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production was considered high in the summer 

months (July–August) due to high solar irradiation 

resources. However, production in winter very 

limited, particularly in January and February. We 

can observe that the energy generated by all power 

plants, especially in the summer months reaches the 

highest values in July (2655, 981 kWh). Whereas it 

is lower in the winter months, especially in January 

(1623, 314 kWh). Within the reporting period (from 

1st January 2019 to last august 2019), the three power 

plants delivered 17422,252 kWh (17,422 MWh) of 

electricity to the internal grid. 

 

 
Fig. 26. Monthly energy produced by all PV plants from 

1st January 2019 to last august 2019 (kWh) 

 

 
Fig. 27. Monthly energy consumed by the URAER Unit 

from 1st January 2019 to last august 2019 (kWh) 

 

The monthly consumption of the URAER unit 

(kWh) during the year 2019 is shown in Fig. 27. 

Generally, consumption varies depending on the type 

of load and equipment used, according to the times 

and by season. The electricity consumption of the 

URAER unit, reaches the highest values especially in 

the winter and summer months. The reason is due to 

the operation of air conditioners and heating in this 

period (summer and winter), which requires 

significant energy; whereas it is lower in August due 

to the summer holiday. 

 
Fig. 28. The monthly integration rate (%) of the PV in the 

internal network of the URAER, from 1st January 2019 to 

last august 2019 

The monthly integration rate (%) of the PV in the 

internal network of the URAER during the year 2019 

is shown in Fig. 28. As we can see that the rate of 

integration of solar energy by all PV arrays in the 

internal network of the URAER varied between 6, 

60% in January and 22, 96% in April. .The 

integration of this renewable energy generation into 

the transmission network in URAER during 

considered satisfactory in 2019. 

 
Fig. 29. The monthly integration rate (%) of the PV in the 

internal network of the URAER, from 1st January 2018 to 

last august 2018 

 

The monthly integration rate (%) of the PV in the 

internal network of the URAER during the year 2018 

is depicted in Fig. 29. As we can see that the rate of 

integration of solar energy by all PV arrays in the 

internal network of the URAER varied between 8, 

20% in July and 25,96% in August .The integration 

of this renewable energy generation into the 

transmission network in URAER during considered 

satisfactory in 2018. All results obtained above are 

summarized in table 4. 

 
Table 4. All system PV production URAER unit 

consumption and integration rate (%) of the PV in the 

internal network 

  

All system 

PV 

production 

URAER unit  

consumption 

Rate 

integration 

(%) 

January 1623,314 24568,314 6,61 

February 1834,244 22276,244 8,23 

Mars 2232,58 14787,58 15,10 

April 2409,738 10492,738 22,97 

May 2439,539 12735,539 19,16 

June 1707,416 24922,416 6,85 

July 2655,981 33117,981 8,02 

August 2519,44 16193,44 15,56 

Tolal 17422,252 159094,252 10,95 

 

6. ECONOMICAL STUDY 

 

In the Algerian official journal number 23 (23 

April 2014), the selling price of energy is expressed 

at 15,94 Algerian dinars/kWh (0.12 euro/kWh) for 

many hours more than 1725 hours where the 

electricity purchase price is stabilized by the 

Algerian government and the price is 4,179 Algerian 

dinars /kWh (0, 03 euro /kWh) [26]. From the first 

January to last august 2019, the energy consumption 
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of out unit URAER CDER is 159.094 MWh. The 

energy production of all PV plants is 17.422 MWh. 

Fig. 30 shows the energy produced by solar 

plants and consumed by the URAER unit. It can be 

seen that the total produced energy by all PV arrays 

was 171.422 MWh which supplied to the internal 

grid and while, the consumed energy by the URAER 

unit was 159,094 kWh. Approximately 10, 95 % of 

the 159,094 MWh energy consumed in the whole 

year is provided from the generated PV solar energy 

that is 17,422 MWh. 

 
Table 5. The electricity bill sold and purchased by UEAER 

unit 
1 st January 

to 31 
August 

2019 

Energy 

(MWh) 
Unitary 

price 
Euro/kWh 

(DA/ kWh) 

Total 

price 
(Euro) 

Total price 

(Algerian 
dinars) 

Production 17.422 0.12 

(15,94) 

2090,64 277706,68 

Consumpti

on 

159.09

4 

0.03 

(4,179) 

4772,82 664853,826 
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Fig. 30. Energy produced by solar plants and consumed  

by the URAER unit 
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Fig. 31. The electricity bill sold and purchased by UEAER 

unit a) with Euro b) with Algerian dinars 

Fig. 31 shows the electricity bill sold and 

purchased by the UEAER unit with Euro and with 

Algerian dinars. The cost of electrical energy 

produced by solar plants is 2090,64 euro (277706,68 

Algerian dinars) while the cost of energy consumed 

by the Applied Research Unit in renewable energies 

is 4772,82 euro (664853, 826 Algerian dinars). 

 

7. CONCLUSION 
 

This paper investigates the performance analysis 

based on experimental measurements of 16.28 kWh 

photovoltaic grid-connected systems installed in the 

site of the Applied Research Unit for Renewable 

Energies (URAER) located at Ghardaia, southern 

Algeria. The results demonstrate that the Ghardaia 

region (arid and semi-arid climate) has the great 

potential of producing electricity through 

photovoltaic solar energy due to its strategic location. 

The photovoltaic generators operated better, but 

some factors this harsh environment drastically 

disrupts the electric output power which should be 

taken with some caution such as an increase in cell 

temperature and the accumulation of dust and sands 

on the photovoltaic surface, frequent cleaning is 

strongly recommended. Based on the analysis carried 

out in this work, the following conclusions are 

summarized: 

• From the first January to last august 2019, the 

electricity production from the PV system was 

17,422 MWh fed into the internal electrical grid 

of the applied research unit for renewable 

energies unit (URAER) and the electric energy 

consumption was 159,094 MWh. These values 

are satisfactory. 

• Photovoltaic panels carried out on dual-axis sun 

tracking are more efficient in terms of output 

power (power gain). It allows for increasing the 

production of energy (power gain) from 30 to 40% 

compared to a fixed PV system. 

• The exploitation of the energy produced by mini-

power stations within our unit proves the benefit, 

energy efficiency and reliability of this type of 

system. 

• The rate of integration of solar energy by all PV 

arrays in the internal network of the URAER 

varied between 6, 60% in January and 22, 96% in 

April. .The integration of this renewable energy 

generation into the transmission network in 

URAER during considered satisfactory in 2019. 

• From the first January to last August 2019, the 

cost of electrical energy produced by solar plants 

is 2090, 64 euro (277706,68 Algerian dinars) 

while the cost of energy consumed by the 

Applied Research Unit in renewable energies is 

4772,82 euro (664853, 826 Algerian dinars). 

• The total energy fed to the internal grid has 

grown from 27 MWh on 05/04/2018 to a 

maximum of 67.28 MWh recorded on 

31/10/2019. The energy from these continuous 
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systems reduces the electricity bills consumed 

within our unit. 

• For high energy production of solar panels, the 

best weather conditions are required, excellent 

solar brightness, low temperature, and the solar 

panels are very clean. 

• As a conclusion, the integration of this renewable 

energy generation with the transmission network 

is considered satisfactory. Generalization of the 

application of this type of system and its 

integration into the conventional electrical 

network is recommended. 

• The presented study would be used to serve as 

guidelines (a catalog) to guide designers and 

researchers or implement small applications of 

grid-connected PV systems and large-scale solar 

photovoltaic plants especially in countries with a 

similar climate (arid and semi-arid).  

Dust is generally a major concern and constraint 

that greatly affects the yield of grid-connected PV 

systems and cannot be neglected in these harsh 

climates. Therefore, regular cleaning becomes 

necessary after each period. Another problem facing 

photovoltaic systems is the terrible rise in 

temperature, especially in the summer, cooling 

techniques suggested as one of the solutions .In next 

future work,techno-economic analysis of a similar 

photovoltaic power plant is recommended. 
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