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Performance Evaluation of 4 kWp
grid-connected photovoltaic system in
Casablanca, Morocco
This article presents the performances of two grid-connected photovoltaic systems
(monocrystalline silicon (m-Si) and polycrystalline silicon (p-Si)) of 2kWp each one, located on
the roof of ben m'sik's faculty of sciences in the university Hassan II Casablanca, Morocco. The
experimental data were recorded in the climatic conditions of Casablanca in real time from
January 1st 2017 to December 31th 2017. Various settings were used in order to evaluate the
performances of the two systems, including energy production, system efficiency
, final
yield (
performance ratio (PR) and others. The results obtained show that the total annual
energy produced by the p-Si modules is 3372.38 kWh and by the m-si modules is 3418.24 kWh.
The annual PR was 86.58% and 87.56% while the annual
was 4.61 h/d and 4.68 h/d
respectively for the p-si and m-si. The
had been calculated to 12.96% and 13.16% in the
same order.
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1. Introduction
Morocco had adopted a national energetic strategy, which aims to reduce considerably
the heavy dependance of the country on the importation of fossil fuels, through the
development of the renewable energies and the energetic efficiency, and to contribute
significantly in the reduction of the emission of greenhouse effect gases. One of the
priorities of this strategy is to increase the contribution of renewable energies in the electric
production to 42% in 2020 and to 52% in 2030. In addition to wind power, the promotion
of solar energy is the central pillar in energetic strategy of morocco with more than 3000
houres/year of sunshine, an irradiation of 5 kwh/m2/day [1], Morocco considerably enjoys
a solar deposit.
The performance of a PV systems depends on the solar cells technologies, the
temperature coefficients (maximum power, short circuit current, open circuit voltage) and a
global sensibility to weather conditions (ambiant temperature , solar irradiation , dust and
shade) [2-11]. The effects of weather conditions on the PV performances are important to
determine which PV technology produces more energetic yield in a specific location.
The literature is rich of comparative studies on the PV performances in different
weather conditions and locations. Bianchini et al have performed a performance analysis
and an economic evaluation of eight PV modules which are connected to the network in
Italy (forli). They noticed that the HIT, a-Si and µc-Si with solar tracking system are the
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most profitable technologies [2]. Rahman et al have evaluated the effect of temperature on
the performance of an autonomous PV system composed of eight p-si modules in Saudi
Arabia (dhahran). In fact, the obtained results show that the performance of PV module
decreases with the increase of the module's temperature [3]. Marion et al have studied the
performance of different technologies of PV modules (x-si, m-si, CdTe, CIGS, a-si...) in
diferent locations (cocoa,florida,eugene,oregon and golden colorado ) in USA. They
noticed that the a-si and CdTe modules perform better than the other technologies [4].
Singh et al found that the PV performances are highly influenced by the geographic
localisation, the orientation and the PV technology [5]. Mondo et al have studied a gridconnected PV system (m-si) during three years in Northern Ireland. They noted that the
efficiency of PV modules decreases by 10% in summer and from 4% to 8% in winter [6].
Shukla et al have analysed the performances of different PV technologies (c-Si/aSi/CdTe/CSI) in India, based on simulated energy. In fact, the results obtained show that
the oven technologies perform satisfactorily under the tropical weather conditions [7].
Cornaro et al have analysed the performance of two PV technologies of silicon (a-si and psi) in Italy (Rome). They observed a seasonal trend of PR for the µc-Si modules that is due
to the influence of the temperature on the performances of the module [8]. Markids et al
have studied the effect of the temperature on different PV technologies (m-si, multi_csi,CdTe,CIGS ...) in Cyprus. They found that the increase of the temperature leads to the
loss of DC power by 8% for c-si modules decreases, 9% for the uc-si and and 5% for the
thin film modules [9]. Del cueto and al have compared the performances of PV modules of
different technologies (a-si,p-si,CdTe,...) in USA, and they noticed that c-si ,a-si,p-si and
CdTe perform better during winter, whereas the thin technology PV modules perform better
during the summer months [10]. Williams et al have compared the performances of the
CdTe, p-si and a-si. In fact, the study shows that the temperature of the module that is
affected by the weather conditions and the angle of inclination have affected the energy
production [11].
According to the performed studies in various locations, we can conclude that there is
no much information available about the energy production and the performances of PV
systems in Casablanca.
The main objective of this study is to analyse the measured performances of two PV
technologies in Casablanca during a period of a year, starting from January 2017 1st until
December 31st 2017. The results can be useful for identifying a specific PV module
technology that has been optimal at this location and locations with similar weather
conditions.
The document is organized as following: the section 1 presents an introduction about
PV systems, section 2 gives a description of materials and methods used and presents the
mathematical calculation of the parameters of the PV modules performances recommended
by the IEC standard norm. The analysis and the discussion of the results are presented in
the section 3. The most important conclusions are summarized in the section 4.
2. Materials and Methods
2.1. PV array
The photovoltaic installation located on the roof of the Ben M'sik Faculty at Hassan II
university Casablanca, Morocco (latitude 33°36" N, longitude 7°36"W) as shown in Fig 1.
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The photovoltaic system composed from eight modules PV of monocrystaline silicon with
255wp for the each one and eight modules PV of polycristallin silicon with 255 wp for each
one. The collection area is 26.72 m2 and the total power is 4 kwp. The PV system is facing
equator, tiletd by 30°. The Table 1 presents the specifications of PV modules installed
under standard conditions laboratory (STC).

Fig. 1. PV systems installed on the rooftop of the Ben m’sik faculty at Hassan II
University, Casablanca, Morocco.

Table 1: electrical characteristics of two PV modules.
Parameter
STC power rating
(Wp)
Short circuit current
Isc (A)
Open circuit voltage
Voc(V)
Voltage at nominal power
Vmp (V)
Currant at nominal Power
Imp (A)
Panel efficiency ƞ (%)
Temp coefficient of Isc
(%/°C)
Temp coefficient of Voc
(%/°C)
Standard test condition

Monocristalin
255

Polycrystalline
255

8.66

8.88

37.8

38

31.4

30.9

8.15

8.32

15.2
0.04

15.2
0.051

-0.30

-0.31

1000W/m2

25°C

2.2. Inverters
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Two invertors sunny Box SB2000 are used, in order to convert the DC current to AC
current, with a maximal efficiency of 93.5% and an alternative power of 2000 W. The
specifications of the inverters used are summarized in the Table 2. In our installation, we
used string inverter architecture (Fig2), in this architecture an inverter is placed at the end
of each chain which aims to increase the number of DC/DC converter which leads to the
possibility of extracting the maximum power [12]. The main specifications of the inverter
are showing in Table2.

Fig. 2. Schematic of the PV plants installed on the rooftop of the Ben m’sik faculty at
Hassan II University, Casablanca, Morocco.
Table 2: Sunny Boy 2500 HF inverter specifications
Parameters
Input DC
Maximum DC Power (W)
Maximum input voltage (V)
MPP Voltage rang (V)/nominal input
voltage (V)
Minimum input voltage (V)/ initial input
Voltage (V)
Maximum input current (A)
Maximum input current per string (A)
Output AC
Rated out Power (W)
Maximum apparent AC power (VA)
Nominal AC voltage/ rang (V)
AC power frequency (Hz)/rang
Maximum output current (A)
Maximum efficiency (%)/European
efficiency (%)

Value
2100
700
175-560/530
175/220
12
12
2000
2000
220, 230, 240/180-280
50, 60/-4.5….+4.5
11.4
96.3/95

2.3. Monitoring tools
A mini weather station (fig 3) was installed to follow the weather parameters including the
ambient temperature, the modules temperature, and the horizontal and inclined solar
irradiation. PT100 sensors (±0.3 ° C) measured the temperature, while the solar irradiation
was measured using two modules of polycristallin silicon "sun plus 20" that was suitable
for industrial usage. The electric data (power, voltage, the AC and DC current) and the
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weather data are collected in real time with a step of 5 minutes via Bluetooth and recorded
in daily files on PCduino cards.

Fig. 3. View of weather station.
2.4. Methodology
Power conversion efficiency value of PV modules is very low. Since their available
power depends on environmental conditions such as solar irradiance, temperature and other
weather conditions. Performance assessment of PV modules becomes important. In order to
investigate the energy performance of the PV modules, some indicators proposed by IEC
61724, NREL and SMA etc, can be used [20]. In this context, AC power, DC power, solar
irradiance and surface area are used to calculate the performance of modules.
The energy output is defined as the amount of alternating current (AC) power produced
by the system over a given period. The hourly, daily and monthly energy produced can be
given by equation [27]:

Where

, is AC energy output at time t and N is number of observations in the data.

The PV array efficiency

is important parameter determined the power conversion

efficiency for one square meter surface area. It depends on size of PV modules, DC power
) and solar irradiance as given in equation 1 [4].
(

Where
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G the solar irradiance (W/m2) and A the area of PV array (m2).
The efficiency of the solar inverters can be defined in two ways. The first approach is
based on the value of electrical DC power delivered to the inverters from PV generator
) and the AC power obtained from inverters (
). The instantaneous inverters
(
is defined as the ratio of output to input power as given in equation 3
efficiency
[21]:

The system efficiency

The reference yield ( ) is the reference time in hour and it is calculated as given in
equation 5 [22]:

Where
The total solar irradiance (KWh/m2) and
condition (1 KW/m2).

the irradiance under standard test

The PV array yield (
is the time which PV module operates under STC. This time can be
calculated as given in equation 6 [23]:

Where
: DC energy output (daily) of PV array (KWh).
: PV rate power (

.

The final yield
is defined as the energy output divided to the nameplate power of the
photovoltaic generator in STC, the as given in equation 7 [24]:

Where

: AC energy output.

The ratio performance is an important performance evaluation and it means to a measure of
the quality of a PV plant that is independent on environmental parameters. Furthermore, it
is stated as percent and describes the relationship between actual and theoretical energy
outputs of the PV plant as formulated in equation 8 [25]:
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The array capture losses
9 [26]:

The system losses

3.

are due to the solar PV array losses and are given by equation

are as result of the inverter losses and are given by equation 10 [26]:

Results and discussion

In this section, we started with an analysis of weather parameters (solar irradiation, ambient
temperature, and the modules temperature) mentioned on the Fig 4. We noticed that the
monthly average daily of solar irradiation during July presents a maximal value of 6.95
Kwh/m2, with an important decrease to a minimal value of 3,84 kwh /m2 in December. We
also note that the annual average daily of solar irradiation in 2017 is to 5,34 kwh/m2. As it
comes to the ambient temperature, we observed an yearly average daily value of 23.65°C,
with a maximal value of 30°C in August, and a minimal value of 15,74°C in December. We
note that the modules temperature varies between 36.63 °C in August and 17.58°C in
December and between 34.24°C in August and 16.29°C in December respectively for the pSi and m-Si modules. Therefore, we concluded that a high temperature and a strong solar
irradiation characterized the summer whereas a low temperature and fluctuations of solar
irradiation characterized winter.

Fig. 4. Monthly average daily radiation, temperature ambient air and PV modules
temperature measured during 2017.
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Secondly, the performance of both systems was analysed and discussed. The monthly
average daily of energy produced by each technology during the monitored period is
illustrated in the Fig 5. The maximal energy production was observed in July when the
solar irradiation were also the highest, the values were 11.68 kWh and 11.76 kWh
respectively for p-Si and m-Si. While the minimum production energy values were
observed in December, the values were 6.69 kWh and 7.01 kWh respectively for p-Si and
m-Si. The total energy injected by the two systems in 2017 are 3372.38 kWh and 3418.24
kWh respectively for p-si and m-si.

Fig. 5. Monthly average daily energy amount produced by PV modules.
The

,

and

for both technologies are summarized in the Table 3. According to

the table, we noticed that the
of p-Si and m-Si , varied respectively from 13.18% ,
13.46% in July and 14.48%, 14.93% in february, On the other hand, the
of p-Si
varies between 12.57% in July and 13.8% in February , and of m-Si between 12.62% in
July and 14.08% in February. While the
for p-Si varies between 94.39% in July and
95.34% in February, and for m-Si varies from 93.26% in May until 94.56% in September.
Table 3: PV array efficiency, system efficiency, and inverter efficiency of 2 different PV
panel, over the monitored period.

Technology
January
February
March
April
May
Jun
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p-Si
14,09
14,48
13,96
13,57
13,60
13,34

m-Si
14,59
14,93
14,37
13,88
13,88
13,60

p-Si
95,12
95,34
95,04
95,00
94,83
95,08

m-Si
94,56
94,32
93,68
93,51
93,26
93,44

p-Si
13,406
13,80
13,27
12,89
12,90
12,68

m-Si
13,79
14,08
13,46
12,98
12,95
12,71
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July
August
September
October
November
December

13,18
13,41
13,31
13,55
13,49
13,78

13,46
13,51
13,50
13,98
14,27
14,67

95,43
94,39
94,55
95,25
94,72
94,59

93,96
93,48
93,49
93,70
93,40
93,03

12,57
12,66
12,59
12,91
12,78
13,04

12,65
12,63
12,62
13,10
13,33
13,65

The PR of both technologies are illustrated in the Fig 6, the results shows that the PR of
the p-si varies from 84.02% in July to 92.24% in February, their annual PR is 86.58%.
Whereas the PR values of m-si varies from 84.33% in September to 94.08% in February,
their annual PR is 87.526%. Therefore, the measurements indicate values above 85% for
both technologies during all months of the year, except the period from May to September,
the decrease in the PR is due to the increase in the modules temperature during these
months.

Fig. 6. Monthly average daily PR of three different PV modules types.
The Fig 7 presents the variation of ,
and
for both technologies. The
of the
installation varies between 3.84 h/d in December and 6.95 h/d in July. Although the values
respectively for the p-Si and m-Si are 6.12 h/d and 6.25 h/d in July as maximum
of the
values and 3.53 h/d and 3.76 h/d in December as minimal values. The
variation of the pSi modules was observed from 3.34 h/d in December and 5.84 h/d in July, while the
of
the m-Si modules varies from 3.5 h/d in December to 5.88 h/d in July. The annual
in
2017 is 4.61 h/d and 4.68 h/d respectively for p-Si and m-Si.
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Poly

mono
Fig. 7. The variation of the monthly average daily reference, PV array and finale yields.
The ,
and
during the monitored period are illustrated on the Fig 8. We
observed that
for the p-si varies from 0.15 h/d in February to 0.83 h/d in July and for the
m-si varies from 0.01 h/d in February to 0.7 h/d in July. Although the
for p-si and m-Si
varies respectively between 0.19 h/d in December to 0.3 h/d in august and between 0.23 h/d
in January to 0.37 h/d in July. As a result, significant losses have been observed in summer
due to the increase in temperature and dust.
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poly

mono
Fig. 8. Installation final yield and corresponding capture and system losses per month.
Finally, the results of the study of the PV modules performance was installed in
Casablanca, Morocco compared with other international studies, as shown in the table 4.
This table focuses on the parameters that are considered the most efficient performance
parameters such as ,
and PR. The
of the other PV systems monitored previously
reported on the table includes: Ireland 1.7 h/d , India 2.79-5.14 h/d , Spain 3.7h/d , and
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Malaysia 3.2 h/d. Whereas the PR of these systems : Ireland 62% , India 75.3%,Spain
64.5%, Turkey 90.7%, Malaysia 73.42% and Thailand 80%. Therefore, we can conclude
that Casablanca, especially the location of the Ben M'sik Faculty of Science, is generally a
good area for the deployment of PV systems.
Table 4: Different PV systems performances installed on different places.

Ireland
India
Spain
Turkey
Malaysia
Spain
Thailand
Morocco

PV type
m-Si
mc-i
p-Si
p-Si
Pc-Si
m-Si
mc-Si
a-SI
m-ci
p-ci

Ƞsyst(%)
9
10.52
8
11.36
10.71
13.7
5.4
13.16
12.96

PR(%)
62
75.3
71.3
64.5
90.7
73.42
89.5
80
87.96
86.58

Ref
[13]
[14]
[15]
[16]
[28]
[17]
[18]
[19]
Present study
Present study

Yf(h/d)
1.7
2.79-5.14
3.1
3.7
3.25
4.68
4.61

4. Conclusion :
In this work, the performances of two different grid-connected PV systems perform under
the weather conditions of Casablanca, Morocco were monitored along the year 2017 and
were analysed and evaluated. The results of this study can be summarized as follows:
•
•
•
•
•
•

The total energy generated by the p-Si and m-Si modules is respectively 3372.38
kWh and 3418.24 kWh.
The
,
and
were respectively 13.65%, 94.95% and 12.96% for the pSi, and 14.05%, 93.65% and 13.16% for the m-Si.
The annual of the system is 5.34 h/d.
were respectively 4.86 h/d and 4.61 h/d for the p-Si, and 5.01
The annual and
h/d and 4.68 h/d for the m-Si.
The
of both systems was 0.48 h/d and 0.34 h/d, and the
was 0.24 h/d and
0.31 h/d respectively for the p-Si and m-Si
The annual PR of the systems was compared with other systems installed in
different locations of the world, its values was found 86.58% and 87.56%
respectively for p-Si and m-Si.

In light of the results, Casablanca's solar energy potential is very useful for generating
electrical energy.
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