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Abstract - The aim of this investigation is to analyze the performance of one array grid connected with a capacity of 13.936 
MWp for one year (from January 2018 until December 2018). This study was carried out according to standardized norms 
(International Electrotechnical Commission) IEC 61724. This array is located in Ain Skouna solar PV plant situated in Saida 
province (Algeria). The normalized indicators studied are array yield, final yield, reference yield, module efficiency, inverter 
efficiency, system efficiency, performance ratio, capacity factor, and energy losses (array capture losses and system losses) . 
The results found indicate that the annual average daily performance ratio (PR) of the studied array has an average value of 
86.26%, which is greater than 80%. This value corresponds to a system whose performance approaches the ideal 

performance under STC conditions. Thus, Ain Skhouna plant has a very interesting performance index which confirms that 
it operates under good conditions without degradation. 
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I. INTRODUCTION 

 

Energy is a key element of the essential foundations 

of the prosperity of modern civilization and economic 

development. With the increase of the world 

population, the demand for energy increases 

considerably. Currently, the return to renewable 

energies has become a necessity to continue 

developing our civilization safely.  

 

Algeria has an insulation duration that exceeds 2000 
hours annually and reaches 3900 hours (highlands 

and Sahara). As a result, since the national potential 

in renewable energies is strongly dominated by solar 

energy. Algeria considers this energy as an 

opportunity and a lever for economic and social 

development, notably through the establishment of 

industries that create wealth and jobs.  

 

Algeria has a particular interest in Solar photovoltaic 

since it has a very important solar potential. Algeria's 

energy strategy is based on accelerating the 

development of solar energy. Indeed, the government 
plans to launch several solar photovoltaic projects 

with a total capacity of about 800 MWp by 2020. 

Other projects with a capacity of 200 MWp per year 

should be carried out over the period 2021-2030. At 

present, there are 23 photovoltaic plants in the 

country.  

 

The purpose of monitoring PV systems is to provide 

useful information on their operation and the 

measures to be taken to improve their performance 

[1]. The monitoring and evaluation of PV systems 
have become a critical task since the defined the 

characteristics, behaviour, and sensitivity to the 

meteorological parameters in the outdoor 

environment [2]. Different studies have been 

conducted on the performance parameters of installed 

PV power plants in different geographical locations 

and different climatic conditions [1,3,4,5,6,7,8,9, 

11,12,13,14,15,16].  

 

In this paper, a performance evaluation of an array 

with a capacity of 13.936 MWp in the grid-connected 

PV system installed in Saida province, in Algeria is 

presented. This study is done using the standardized 

norms (International Electrotechnical Commission) 
IEC 61724. Different performance evolution 

parameters are presented in this study, including Ead 

energy, Eac energy, reference yield, array yield, final 

yield, array efficiency, system efficiency, inverter 

efficiency and performance ratio. This paper is 

organized as follows, section 1 presents an 

introduction, section 2 gives material and methods 

including the description of the solar PV plant used in 

this study, data monitoring and collection and 

performance analysis. Section3 presents the results 

and discussion and finally a conclusion will ends this 

paper.  
 

II. MATERIAL AND METHODS 

 

2.1 Installation site 

The photovoltaic power plant (Figure 1) examined in 

this study is installed at Saida province in Algeria, 

exactly at Ain Skhouna. It is obout 80 km from the 

capital of this province. It is on latitude of 34°48'43" 

North and longitude of 4 °10'58" East. Saida occupies 

a central position in western Algeria. It is 

characterized by a semi-arid climate, hot and dry in 
summer and cold in winter with frequent frosts. Ain 

Skhouna PV solar plant covers an area of 42 ha with 

a construction cost estimated at 50 million Euros. 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 8, Issue-3, Mar.-2020, http://iraj.in 

Performance Evaluation of the Photovoltaic Generator (13.944MWp) in GRID6 Connected PV (Saida, Algeria) 

 
42 

 
Figure 1: Ain Skhouna solar PV plant. 

 

2.1Description of Ain Skhouna Solar PV Power 

plant 

The Ain Skhouna solar PV is connected to Algeria's 

high-voltage national grid (60 kV). It consists of 

119520 polycrystalline silicon solar modules operated 

from the German operators, BELECTRIC group. 

Each one with a peak power of 250 Wp and 
comprised 60 solar cells. The characteristics of PV 

modules are summarized in Table I. 

The PV plant has an overall installed capacity of 30 

MWp, The panels are inclined at 15° toward the 

south. The PV modules are arranged in two fields 

(also called boucle); Saida 1 (boucle 1) and Saida 2 

(boucle 2) with a power of 15.936 MWp and 

13.944MWp respectively. The PV modules are 

arranged in two fields (also called boucle); Saida 1 

(boucle 1) with 8 subfields (Skide) and a power 

capacity of 15.936 MWp. Saida 2 (boucle 2) with 7 

subfields and a power capacity of 13.944MWp. So 
they are 15 subfields in the PV plant.  

 

The PV modules are arranged in two fields (also 

called boucle); Saida 1 (boucle 1) with 8 subfields 

(Skide) and a power capacity of 15.936 MWp. Saida 

2 (boucle 2) with 7 subfields and a power capacity of 

13.944MWp. So they are 15 subfields in all the PV 

plant. Each subfield with a peak power of 1.992 

MWp,  is composed of two (2) inverters, four (4) 

central boxes and a transformer. Each inverter 

collects 3984 panels and the technical specifications 
of the inverter (type Sunny Central 850CP XT) are 

regrouped in Table II. 

 

 
Table 1 PV module specification 

 
Table 2 Inverter specifications 

 

2.3 Data monitoring and collection 

The Ain Skhouna solar PV plant is equipped with a 

data logger that monitors and records the output DC 

energy from photovoltaic modules, the AC energy 

output from the inverter and report performance 

parameters and weather data. These sets of data are 

recorded at 15 minute intervals. The results noted in 

this study consist of one year of Saida 2 (boucle 2) 

field data (with a power capacity of 13.944MWp), 

recorded between January 1, 2018 and December 31, 

2018 according to the performance parameters 
specified by the International Energy Agency (IEA). 

 

2.4 Performance analysis 

In order to analyze the performance of a PV solar field 

Siada2, performance parameters have been specified 

by the International Energy Agency (IEA) and are 

described in the IEC 61724 [10]. These parameters are 

the reference efficiency (Yr), the yield of the PV field 

(Ya), the final yield of the PV system (Yf), the 

performance ratio (PR), the losses of the system (LS) 

and the various losses (LC)[7,8,9,11,12,13.14.15.16]. 
These parameters give information with respect to the 

system’s energy production, available solar resource 

utilization and in general effect of system losses [13]. 

 

 Energy generated by the PV array system (Edc). 

The total daily monitored value of DC power 

output (Edc,d) is given by the following equation:  

,

1

t Trp

dc d dc r

t

E P T




    (1.a) 

Where: 

Tr  is the recording time interval ; 

Trp the reporting period ; 

Pdc: is the DC power, it is given as: 

Pdc=Vdc*Idc.          (1.b) 
Where: 

Vdc  is the DC voltage ; 

Idc is the DC courant. 

 

 Energy output or Energy fed to the utility grid 

(Eac) is the measure of the energy across the 

inverter output terminals, recorded every 5-min 

by the data logger. The total daily monitored 

value of AC power output (Eac,d) is done by this 

equation: 
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,

1

t Trp

ac d ac r

t

E P T




    (2.a) 

When the AC power is given as  

Pac=Vac*Iac.          (2.b) 
Where: 

Vac : is the AC voltage ; 

Iac:: is the AC courant. 

 

 The reference efficiency (Yr) is the ratio between 

the total amount of solar radiation Ht (kWh/m2) 

intercepted by the surface of the PV solar panels 

and the amount of reference radiation G0 (1 

kW/m2). It depicts the number of hours during 

which the illumination is equal to that of the 

reference. Yr defines the solar resource for the 
PV system, it is given by: 

0

t

r

H
Y

G
     (3) 

 

 The efficiency of the PV field ( Ya) is defined as 

the ratio between the total energy generated Edc 

(kWh) by the PV rows for a defined period (day, 

month or year) and the nominal power P0 (kWc) 

of the rows under the standard conditions (STC: 

irradiation: 1000 W/m2, 25 °C ambient 

temperature and AM 1.5-G reference spectrum). 

The daily efficiency of the PV field (Ya,d) is 

given by the following equation: 

,

,

( )

dc d

a d

pv rated

Y
E

P
    (4) 

 

 The final efficiency corresponds (Yf) to the total 

energy produced by the PV system, Eac (kWh) per 

the installed nominal power P0 (kWp). This 

quantity represents the number of hours during 
which the PV field should operate at its rated 

power. The daily final efficiency corresponds 

(Yf,d) is given by: 

,

,

( )

ac d

f d

PV rated

Y
E

P
    (5) 

 

 The module efficiency (ηpv) presents the effective 

energy generated by module with respect to the 

available radiation. The daily PV array efficiency 

is given by the following equation:  

ηpv ,d =
Edc ,d

G×Am
× 100  (6) 

Where: 

Edc,d: is the dc energy generated by PV array system; 

G: presents the global solar irradiation; 

Am: presents the area of PV module. 

 

 Inverter efficiency (ηinv) supposed to be the 

highest of module and system efficiency. It is also 

called conversion efficiency, expressed as the 

ratio between the AC power generated by the 

inverter and the DC power produced by the 

photovoltaic panel system. The daily inverter 

efficiency is given by:  

ηpv ,d =
Edc ,d

G×Am
× 100   (7) 

 

 The photovoltaic system efficiency (ηsys) is 

associated with the balance of systems 

comprising the PV generator and inverter module. 
The daily system efficiency can be calculated by 

applying this quation: 

,

,

( )

dc d

a d

pv rated

Y
E

P
    (8) 

 

 Standardized performance ratio (PR) indicates the 
overall effect of the losses in the energy 

production of the rows of a PV system. The PR 

values indicate how well a PV system approaches 

the ideal performance under real-world operating 

conditions. PR is defined as the ratio between the 

final yield and the reference yield, it is a 

dimensionless quantity: 

f

r

PR
Y

Y


    

(9) 

 

 System losses by conversion (LS) are due to the 

inverter conversion losses (DC-AC current) and 

are defined by the difference between the yield of 

the PV field Ya and the final yield Yf. They are 

given by:  

s a fL Y Y 

   

(10) 

 

 The array capture loss (Lc) is defined by the 

difference between the reference yield and the 

array yield of the PV field. They represent the 

losses due to: panel temperatures, wiring, partial 

shading, spectral losses, soiling, errors in the 

search for the maximum power point, conversions 

(DC-AC), etc. It is noted as: 

c r aL Y Y   

   

(11) 

 

III. RESULTS AND DISCUSSION 

 

In this section, the performance results of the PV 

solar field Saida 2 are discussed. The monthly 

average daily solar radiation on the tilted PV array 

indicates that the solar radiation is minimum during 

November month with a value of 4.24 kWh/m2/d and 
maximum in June with a value of 7.75 kWh/m2/d as 

noted in Figure 2. The variation of the ambient and 

module temperature are depicted in the Figure 2. The 

monthly variation of the mean daily module 

temperature follows the same pattern as the monthly 

ambient temperature. The maximum monthly ambient 

temperature and the maximum monthly module 

temperature were recorded in July with values of 

32.92 ° C and 39.18 ° C respectively. The minimum 

monthly ambient temperature and the minimum 
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monthly module temperature were recorded in 

February with values of 8.22 ° C and 13.49 °C 
respectively. 

The monthly evolution of energies Eac and Edc for 

the selected months is illustrated in Figue 3. It can be 

seen that the energy Eac follow the same pattern as 

the energy Edc and the electricity generated by the 

following field follows the same trend as solar 

radiation.  The Edc and Ed energies take a maximum 

values of 2742,13 MWh and 2645,15 MWh 

respectively and a minimum values of 1569,72 MWh 

and 1493,74 MWh respectively. 

 

 
Figure 2: Monthly insolation and temperatures evolution in 

Ain Skhouna solar PV plant. 

 

 
Figure 3: Monthly evolution of Edc and Eac in Ain Skhouna 

solar PV plant. 

 

The annual average monthly array, reference and 

final yields are 5.73, 5.01 and 4.88 h/d respectively. 

Those values of the three yields (Figure 4) vary from 

4.24 h/d in November to 7.75 h/d in June for array 

yield, 3.92 h/d in November to 6.56 h/d in June for 

reference yield and from 3.79 h/d in November to 

6.34 h/d in June for final yield. It can be seen that all 
the yields are proportional to insolation (Figure 2). 

The value of final yield of the Ain Skhouna solar PV 

plant is higher than Kuwait[14] 4.50 h/d and 

Marroco[11] 4.45 h/d. It is lower than Oman[ 15] 5,1 

h/d. 

 
Figure 4: Monthly evolution of reference, array and final yields 

in Ain Skhouna solar PV plant. 

 

The monthly average daily capture and system losses 

are shown in Figure 5. The capture losses varie 

between 0.29 h/d noted in January and 1.44 h/d 

registered in July. The average value of capture losses 
are 0.72h/d, they are proportional to ambient 

temperature, and they take higher values in summer 

and lower values in winter season. The system losses 

change between 0.11h/d (December) and 0.34 h/d 

(September) with an average value of 0.18 h/d. The 

system losses are related directly to the inverter 

efficiency, they are relatively stable and the highest 

value noted in September is related to lowest value of 

the inverter efficiency as noted in Figure 6.  

 

 
Figure 4:  Monthly evolution of capture and system losses in 

Ain Skhouna solar PV plant. 

The monthly average daily array, system and inverter 

efficiency through the monitoring period are depicted 

in Figure 6. The average values are 13.79 %, 13.29 % 

and 96.39 % respectively. The array efficiency varies 
between 12.42 % noted in July and 14,57 % 

registered in January. The system efficiency also 

varies between 11.95 % (July) and 14.10 % 

(January).  The lower values of array and system 

efficiency can be attributed to highest temperature 

noted in this moth as illustrated in Figure 2. Average 

value of array efficiency in Ain Skhouna is higher 

than that noted in Brazil (13.3%) [16] and in Marroco 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 8, Issue-3, Mar.-2020, http://iraj.in 

Performance Evaluation of the Photovoltaic Generator (13.944MWp) in GRID6 Connected PV (Saida, Algeria) 

 
45 

(12.39 %)[11]. Likewise, the average value system 

efficiency is higher than that noted in Brazil (12.6%) 
[16] and in Marroco (12.00 %)[11]. The inverter 

efficiency is ranged between 93.20% (in September) 

and 97.04% (in December). The lowest value noted in 

September is related to the lack of data recorded 

during this month, we have 5 days of lack, which 

represents a percentage of 30% of the production 

during this month. The average value of inverter 

efficiency in Ain Skhouna is higher than that noted in 

Brazil (94.6 %) [16] and lower than that noted in 

Marroco (96.70 %)[11]. 

Figure 7 presents the evaluation of the monthly 

average daily performance ration and ambient 
temperature in Ain Skhouna solar PV plant. A 

minimum value of 76.90 % is noted in September and 

a maximum value of 90.70 % is noted in January. As 

seen the performance ratio is related to ambient 

temperature.  

The annual average performance ratio during the 

monitored period was 85,54% and 86.26 % without 

the month of September . Which means 13.74 % of 

the incident solar energy is not converted to useable 

energy due to losses or defects in components.  The 

average value of performance ration in Ain Skhouna 
is higher than that noted in Brazil (82.9 %) [16] and 

in Marroco (79.00 %)[11]. 

 

 
 

Figure 5: Monthly evolution of module, system and inverter 

efficiency in Ain Skhouna solar PV plant. 

 

 
Figure 5: Monthly evolution of performance ratio in Ain 

Skhouna solar PV plant. 

 

IV. CONCLUSION 

 
The 30 MWp grid connected PV system located in 

Ain Skhouna in Saida province in Algeria was 

studied and its performance parameters were 

analyzed according to the standardized norms 

(International Electrotechnical Commission) IEC 

61724. This solar Pv plant was studied from January 

1st, 2018 until December 31 st, 2018 and its daily, 

monthly and annual performance parameters were 

calculated. The performance of the PV system was 

compared with that of other grid connected PV 

systems installed in the world. The main results of 

this study are summarized below: 

 The Edc and Ed energies take a mean values of 

2017.08 MWh and 1943.75 MWh respectively; 

 The annual average monthly array, reference and 

final yields are 5.73, 5.01 and 4.88 h/d 

respectively. the array yield varies from 4.24 h/d 

in November to 7.75 h/d in June, from 3.92 h/d 

in November to 6.56 h/d in June for the reference 

yield and from 3.79 h/d in November to 6.34 h/d 

in June for final yield. 

 The capture losses varies between 0.29 h/d noted 

in January and 1.44 h/d registered in July. The 
average value of capture losses are 0.72h/d and 

they are proportional to ambient temperature. 

The system losses change between 0.11h/d 

(December) and 0.34 h/d (September) with an 

average value of 0.18 h/d. The system losses are 

related directly to the inverter efficiency, they are 

relatively stable. 

 The average values are 13.79 %, 13.29 % and 

96.39 % respectively. 

 The annual average performance ratio during the 

monitored period was 86.26 % without the 
month of September . Noting that a performance 

index greater than 80 % corresponds to a system 

whose performance approaches the ideal 

performance under STC conditions. So the Ain 

Skhouna plant has a very interesting performance 

index that confirms its good operating condition 

(no degradation). 

 

This performance results show the good potential of 

producing electricity through Ain Skouna solar PV 

plant in the province of Saida in Algeria. 
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