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Algeria currently has a number of 24 functional photovoltaic power plants on its national territory, which are
poorly investigated. This study focuses on the performance analysis of one of these existing solar power plants. It
is located in Ain Skhouna, situated in Saida province, and has a capacity of 30 MWp (polycrystalline solar cell
technology). This study was carried out according to the standardized norms IEC 61,724 (IEC) using one year
(2018) of data. A linear relationship between the monthly module and ambient temperatures was evaluated (R2
= 0.994). The monthly total loss increases linearly with the increase in monthly ambient temperature and solar
irradiation (R? = 0.98). The system efficiency, PV efficiency, and performance ratio are affected by ambient
temperature. The average monthly PV, system, inverter efficiencies, and PR were 13.78%, 13.29%, 96.68%, and
85.52, respectively. These results indicate that this PV power plant remains in very good working condition after
two years of service.

The effect of climate on PV plant performance was investigated in Algeria by comparing two climates: a semi-
arid and a hyper-arid. The results indicate that the semi-arid climate is more favorable than the desert climate for
PV power plants for producing electricity and that ambient temperature is a more essential parameter than solar

irradiation.

1. Introduction

The main challenge for all countries in the world at the moment is to
continuously generate electricity to meet their continuing demand. As a
result, the return to renewable energies has become a necessity. It has a
variety of advantages, including being a non-polluting and reliable
substitute for non-renewable sources. For various reasons as non-
pollutant, extensible and sure substitute for non-renewable sources.

As it has fewer ecological consequences and produces less garbage,
renewable energy has grown in popularity as an alternative electricity
creation resource.

Solar PV is a type of solar renewable energy application that uses the
photovoltaic effect to generate electricity. PV systems are classified in a
variety of ways based on their design, the efficiency and utility of their
supply, and the method in which they are connected to other electrical
loads and their interaction with other electrical loads. We can distin-
guish the connected to the network and the stand-alone systems. Grid-
connected PV systems deliver electrical power to the network at the
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same time as standard energy.Net-connected setups produce electrical
energy without battery use or transport (Jaydeep, 2015).

A stand-alone system implicates no interaction with a utility grid;
hence, the generated power supplies only the designed load. In the event
that the PV array does not directly supply a load, a storage device is
needed (Iftakhar et al., 2012), which is generally a battery. When there
is a deficit of energy created, the batteries provide it, and when there is
an excess of energy produced, they store it. This stand-alone PV power
generation will be used to electrify a home or building (Al-Bustam et al.,
2012).

Diverse studies have been performed in the literature on PV system
performance investigation (Al-Otaibi et al., 2015; Kazem et al., 2014;
Attariet al., 2016; Padmavathi et al., 2013; Sundaram et al., 2015;
Mensah et al., 2019; Sidi et al., 2016; Wichlinski et al., 2018; De Lima
et al., 2017; Okello et al., 2015; Daher et al., 2018; Jed et al., 2019;
Aoun, 2020). The PV system performance is linked to the type of PV cell
used, the inverters and the layout of the installation, and the experi-
mental conditions (solar irradiation, soiling losses, wind speed, ambient
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temperature).

Attari etal., 2016 studied a PV system located on the roof of a gov-
ernment building situated in Tangier (Morocco) for one year (from
January 1st, 2015 to December 31st, 2015). The studied grid-connected
5 kWp was composed of 20 solar modules (polycrystalline silicon). The
annual capacity factor was 14.84%, and the final yield ranged from 1.96
to 6.42 kWh/kWp. The performance ratio (PR) ranged between 58% and
98%.De Lima et al., 2017 investigated a 2.2 kWp PV system in Brazil
(State University of Ceara, Fortaleza) for a year (from June 2013 to May
2014).The reference yield was 5.6 kWh/kWp, the array yield was 4.9
kWh/kWp, and the final yield was 4.6 kWh/kWp. The PR and capacity
factor were 82.9% and 19.2%, respectively. The annual system losses
were 1.05 kWh/kWp and the annual average array, system, and inverter
efficiencies were 13.3%, 12.6% and 94.6%, respectively. In Africa, a 3.2
kWp PV system was installed at NMMU (Nelson Mandela Metropolitan
University) and evaluated for one year (2013) (Okello et al., 2015).The
PR was 84%. The results of the simulated (PVsyst) and experimental
tests were compared. In addition, two simulations employing both
measured and simulated (Meteonorm) data were performed. The results
showed that the outcomes were identical. When predicting monthly
energy yields using measured data, better results were observed. Lena D.
Mensah et al., 2019 presented performance research of a PV plant of 2.5
MW situated in Navrongo (Ghana) from June 2013 to May 2016. The
annual PR was 70.6% and the capacity factor was 16.2%.In Djibouti,
Daher et al., 2018 evaluated the performance of PV plants in desert
marine climate conditions. This study was performed for the first 4 years
using IEC 61,724 standard. The PV module and system efficiency were
12.68% and 11.75%, respectively. The average PR of the PV plants was
84%.Jed et al., 2019 presented a one-year performance study of a
954.809 kWp PV array at the Sheikh Zayed PV plant in Nouakchott,
Mauritania (from September 2014 to August 2015). Insolation and
environmental circumstances have an impact on photovoltaic array
performance, according to the research. The PR was lower (0.66%),
while the capacity factor fluctuated between 20.54% in October and
11.66% in January.

Algeria is particularly interested in photovoltaic solar energy since it
has a significant solar resource. Algeria has a year-round insolation of
over 2000 h, with 3900 h in the Sahara and highlands. As a result, the
national renewable energy potential is dominated by this source. Algeria
views this source as an opportunity and a lever for economic and social
growth, notably in terms of increasing wealth and employment-
generating sectors.

Various PV solar projects with a total capacity of 800 MW have
started construction by 2020, while others with a total capacity of 200
MW will be spread between 2021 and 2030. (Webl). A long-term plan
has been set as a goal, with 12.000 MW of existing capacity (22.000 MW
between 2011 and 2030) covering national demand and another 10.000
MW potentially exportable if long-term purchase guarantees and
external funding are secured (Web2). This plan calls for the construction
of roughly sixty PV solar and thermal facilities, as well as wind farms and
hybrid plants, by 2020. It was carried out under the Ministry of Energy
and Mines’ supervision.

Currently, there are 23 PV plants in Algeria, which have been
established by the SKTM company (Shariket Kahraba wa Taket Mou-
tadjadiada) since 2014. These power plants are classified into three
classes based on their geographical location, namely, the East Highlands
unit, the West Highlands unit, and the Southern Unit, with capacities of
121.1 MW, 145 MW, and 78 MW, respectively. These photovoltaic
power plants were erected as part of a 343 MWp project that was part of
the national renewable energy program’s first phase (Web3). These
power plants were not thoroughly investigated. Indeed, Only one study
on the Adrar power plant’s performance was found (Aoun, 2020).

This study was carried out to investigate the performance assessment
of a 30 MWp PV power plant in Ain Skhouna, located in Saida province
(Algeria), for a year (2018), according to the International Electro-
technical Commission standard (IEC 61724).This photovoltaic plant was
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compared to another in a desert hyper-arid climate, namely Adrar
(Algeria), to see how climate affects performance. This paper is divided
into three sections. The first is devoted to the system description (the
site’s geographic location, the PV power station, the performance pa-
rameters (standard IEC61724), and the data used), and the second is
devoted to the results and discussion. The conclusion was given the last
section of the paper.

2. System description
2.1. Geographical location of the site

The Ain Skhouna PV power plant station (30 MWc) is located in
Algeria’s Saida province (Wilaya), with a latitude of 34°48'43" north, a
longitude of 4°10'58” east, and an altitude of 900 m (highlands).This
location receives a significant amount of solar energy throughout the
year, depending on the seasons. Fig. 1 represents the 12-month average
daily solar irradiation. It varies by month and season. Winter had the
lowest seasonal solar irradiation (G) mean value (124.26 kWh/mz), and
summer had the highest seasonal G mean value (206.28 kWh/m?). The
greatest monthly G value of 224.39 kWh/m? was recorded in June,
while the lowest monthly G value of 111.04 kWh/m? was recorded in
January.

The climate in Saida province is semi-arid, with hot and dry summers
and harsh winters with frequent frost. The monthly variation of ambient
temperature(T,), wind speed (v), and relative humidity (Rel.humidity)
was illustrated in Fig. 2.The monthly average temperature (T,) ranges
from 9.08 °C in February to 32.99 °C in July, with a mean of 18.48 °C.

The average Rel.humidity is 50%, with the highest value of 63.91%
(November) and the lowest value of 22.78% (July). The v varies from
month to month, with the highest values recorded in the spring season
(8.72 m/s in March) and the lowest values recorded in the winter season
(3.42 m/s in December). The v has an average monthly value of 5.68 m/
s.

2.2. PV power station description

The Ain Skhouna solar PV plant (Fig. 3) is a grid-connected station; it
injects its produced power directly into the national network at 60 kV. It
was carried out by the German operators, BELECTRIC group, and
Shariket Khahraba wa Taket Mutadjadida (SKTM).This power PV station
includes 119.520 polycrystalline silicon PV panels (CS6P-250P type),
each one with a peak power of 250 Wp as indicated by its electrical
characteristics listed in Tablel. These PV panels are oriented towards
the south and they are inclined at an angle of 15°.

This power plant has two fields, namely, Saida 1 (Boucle 1) and Saida
2 (Boucle 2), with a combined power of 15.936 MWp and 13.944 MWc,
respectively. The fields Saida 1 (Boucle 1) and Saida 2 (Boucle 2) are
composed of eight (08) subfields (named Skide) and seven (07) photo-
voltaic subfields, respectively. Thus, the Saida power plant contains a
total of 15 subfields. All the subfields are identical, with a peak power of
1.992 MWp each. Two (02) inverters, four (04) central boxes, and a
transformer make up each subdomain. Each inverter is powered by two
central boxes containing 11 cables, each with its own safety fuse. Each of
the first ten cables with a 200 A protective fuse has eight (8) tables in
parallel, whereas the last line with visible 100 A protection has three (3)
tables in parallel. Furthermore, a table is made up of two (02) strings
that run in parallel. There are 24 photovoltaic panels(CS6P-250P) in
each one. As a result, each Sunny Central 850CP XT inverter manages
3984 panels. Upstream of the photovoltaic inverters are 60 central boxes
(junction boxes) in the Ain Skhouna photovoltaic plant.

Three computers are located in the control room. Data from the
central and control systems is collected by two of them (inverters,
connectors, panels, etc.). The remaining computer is used to monitor the
grid’s GRTE (Company Network Manager of Electricity Transport) to
guarantee that photovoltaic inverters are operating properly. The data
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Fig. 1. Monthly solar irradiation (G) evolution in Ain Skhouna (Saida, Algeria).
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Fig. 2. Monthly temperatures(T, and Ty,), wind speed, and relative humidity evolution in Ain Skhouna (Saida, Algeria).

monitoring system has been designed in accordance with IEC61724. G,
T,, module temperature (Ty,), v, and the energy generated by DC and AC
(E4c and E,.) are measured instantly every 15 min during the day. The
control room meets the IEC 60,529 (Labouret et al., 2010) standard for
IP 54 protection, which protects against the filtering of foreign items
(such as dust deposits) and negative effects caused by water infiltration.

2.3. Performance parameters description

The international energy agency establishes photovoltaic parameters
used in performance studies as described in the IEC 611,724 standard
and as reported in the literature(De Lima et al., 2017; Okelloet al., 2015;
Daher et al., 2018; Jed et al., 2019; Aoun, 2020, Rabindra et al., 2021,
Divineet al., 2021,Dahmoun,et al., 2021). The normalized indicators
used are energy generated (Eq.), energy fed to the utility grid (E,c),
reference yield (Y,), array yield (Y,), final yield (Yf), module efficiency
(npv), inverter efficiency (niny), system efficiency (nsys), energy loss
(array capture loss (L.) and system loss (Ls)), and PR.

2.3.1. PV array system energy generated (Eg.)
The following equation is used to determine the daily DC power

output (Eqc,q4) value:

T

Eqea = ZPdc x T,

=1

1.1)

In addition, the monthly DC power output (Egcm) is calculated as
follows:

N
Egem = ZEdc,d
a1

Where T;, Ty, and N are the recording time offset, the reporting time,
and the number of operating days of the plant in a month, respectively.

(1.2)

2.3.2. Energy output (Eqo)

The energy output (E,.) is a measurement of energy across the
inverter output terminals that the data logger records every 15 min. The
total daily measured AC energy output (E,cq) is calculated as follows:

Top
Eac‘d = ZPar x T, (2.1)
=1

The monthly AC energy generated (E,cm) is given as:
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Fig. 3. General scheme of the Ain Skhouna (Saida) PV power plant (Web4).

Table 1

Electrical characteristics of PV modules used in Ain Skhouna power station.
PV module Type CS6P-250P
Electrical data
Maximum power (Ppax) 250 W
Voltage for maximum power (Vpp) 30.1V
Current for maximum power (Inp) 8.30 A
Open circuit (Vo) 37.2V
Short-circuit current (Is.) 8.87 A
Temperature coefficient of Vo, —0.34%/C
Temperature coefficient of (Isc) 0.065 %/C
Temperature coefficient of (Pyax) —0.43 %/C
NOCT 47C
Efficiency reduction from1000 W/m? to 200 W/m?> + 96.5 %
Dimensions
Length 1.638 m
Width 0.982 m
Weight 18.5 kg
Cells
Number per module 60

Cell technology
Cell size (square)
Cell yield
Linking cells

poly-crystalline
(0.163*0.163) m*
15.54 %

3 busbars

N
Eac,m = ZEac,d (2.2)
d=1

2.3.3. Reference yield (Y;)

The Y; is the number of hours in which the total solar irradiation
received on the panel surface equals the reference radiation. It’s calcu-
lated by dividing the amount of received illumination by the amount of
reference radiation Gg(1 kW/rnz). It is provided by:

— Ht

Y, ="
Go

B.1)

2.3.4. Array yield (Yy)

The Y, is the ratio of total energy generated by E4. (kWh) to nominal
power Py (kWc) under typical conditions for a certain period (day,
month, or year). The yields of the daily (Y,,q) and monthly (Y, ) arrays
are as follows:
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Edca
Yoag=—2 1
4="p, 4.1
1 N
Yom = () D_ Yaa (4.2)
d=1

2.3.5. Final yield (Yy)

The Y¢represents the number of hours that the PV array must operate
at full power. It is the proportion of total produced energy E,. (kWh) to
maximum power Py (kWp). The daily and monthly efficiencies (Y ) and
(Ygm) are calculated using the following formulas:

Euc,d
Py

Yia= (5.1)

1 N
Yim = (ﬁ) Z Yia (5.2)
=

2.3.6. PV module efficiency (i)

The nyy, also known as energy efficiency, is calculated as the ratio of
Eqc power to solar energy captured. The daily and monthly efficiencies
of the npy achieved are given as follows:

Egca
Mova = Gy g % 100 6.1)
Edcm
= : 1 .2
Mo = Grac A < 100 6.2)

Edc,d and Eqem are the daily and monthly energy produced, respec-
tively. G is the solar energy received by the PV system, and Ay, is its area.

2.3.7. Inverter efficiency(Hiny)

The njpy is also used to determine the system’s conversion efficiency.
It’s the ratio of the system’s DC power output Eq. to its energy output
Eac. The monthly 1,y is determined as follows:

@)

2.3.8. System efficiency(nsys)
The ngys refers to the system balance, which includes the PV gener-
ator and inverter module. It is given by the following quation:

ﬂsys,m = npv X ”inv (8)
2.3.9. Standardized performance index (PR)

The PR, also known as the standardized performance index, ex-
presses the relationship between the Yyand the Y; as described in eq. (9).
It reflects the effect of losses on the system’s energy output.
Y

PR="
Y,

)
2.3.10. System losses by conversion (Lg)

These losses, which are connected to the conversion of continuous
current to alternating current, are recorded in the inverter. As indicated
in equation eq. (10), they are expressed as Y, minus Y.

Ls=Y,-Y; (10)
2.3.11. Array capture loss (L.)

As demonstrated in eq. (11), the L. is equal to the difference between
Y: and Y,.

Le=Y,-Y, an
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2.4. Data used to assess performance

Weather data such as G, T,, and v are recorded with a 15-minute time
step by a high-precision meteorological station. Indeed, a multi-
parameter meteorological sensor (MULTI-5P) was used to measure the
following climate parameters: wind speed with a 3% accuracy, ambient
temperature with a 0.2 °C accuracy, and relative humidity with a 3%
accuracy. A CMP116 pyranometer was used to detect solar irradiation
with an accuracy of 0.2 %.

Furthermore, utilizing a real-time embedded capture card connected
to the data logger, all electrical properties of the PV system, such as Eqc,
Eae, and Ty, are recorded with a 15-minute time step. The results dis-
cussed in this study cover a year’s worth of data, from January 1st to
December 31st of 2018.

3. Results and discussion

Monthly Ty, variations follow the same pattern as monthly T, vari-
ations. The maximum monthly Ty, and T, were recorded at 39.64 °C and
32.99 °C respectively, during the summer season (July month).The
winter season (December) had the lowest monthly Tm and Ta, with
values of 13.64 °C and 7.50 °C, respectively. The T, affects the Ty, and
an increase in the T, induces an increase in the Ty,. A linear relationship
between these two parameters is given by eq.12, which has a high
determination coefficient of 0.994:

T, = 1.032 x T, 4+ 5.206 12)

Tm and T, differed by 6.93 °C in December and 4.79 °C in April,
respectively. This is due to a high v value in April, which favors solar
module cooling. The v value, on the other hand, was at its lowest in
December, resulting in the substantial temperature difference observed.

The monthly average daily evolution of Eq4. and E,. during the
studied period is illustrated in Fig. 4. Both of these energies appear to
follow the same pattern. In addition, the Eq4. is greater than the E,.. The
monthly average Eq. varied from 3084.24 MWh in January to 5689.025
MWh in June, with the monthly average E,. spreads from 2945.43 MWh
(January) to 5493.79 MWh (June).

Fig. 5 shows the monthly average daily Y, Y,, and Y¢ yield evolu-
tions. The Y; varies between 4.35 h (November) and 7.74 h (June). The
Y, ranges from 4.00 h in December to 6.57 h in June. The Y takes the
highest value of 6.34 h in June and a minimum value of 3.89 h in
November and December. The annual Y¢ of the PV system is 4.90 h. This
value is similar to that recorded for a PV system in Oman (5.1 h) (Kazem
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et al., 2014) and India (4.81 h) (Padmavathi et al., 2013). It is greater
than that recorded in Kuwait (4.5 h) (Al-Otaibi et al., 2015) and Morocco
(4.45 h) (Attari et al., 2016).

The monthly average daily losses (L. and L) at this power station
over the mentioned period are illustrated in Fig. 6. The L. has an average
value of 0.72 h per day, ranging from 0.31 h per day in January to 1.43 h
per day in July. The L, range from 0.11 h per day in December to 0.28 h
per day in September, with a mean of 0.18 h per day. These losses are
directly related to the converter efficiency. Furthermore, when the
greatest value of September is excluded, these values are reasonably
constant, averaging 0.17 h/day. As a result, the PV system’s inverters
work effectively while converting DC to AC.

As seen in Fig. 7, the high value of Ls in September is due to lower
incident G values during this month. Indeed, conversion losses ranged
from 99.4 W/m? on September 17th to 478.8 W/m? on September 1st.
Moreover, Fig. 1 shows that the average monthly solar irradiation for
September was 361.97 W/m?, which is lower than the figure for
October. The second reason for the high conversion losses is that two
inverters in the Saida 2 field were turned off during September. This
technical incident is clearly visible in the 1,y evolution shown in Fig. 9.
In September, the 1,y hits its lowest point of the year.

As shown in Fig. 8, the monthly total loss (L), which is the sum of the
L. and Lg losses, rises as the monthly T, and G rise. Furthermore, L varies
linearly with T, and G. The following equation, with a high coefficient of
determination of 0.98, can be used to represent the relationship between
L, Ta, and G:

L, =0.036 x T, +0.0039 x G —0.387 13)

The monthly npy, Nsys, and niyy are shown in Fig. 9. The npy values
range from 12.45% recorded in July to 14.50% registered in January
and February. During the study period, the average daily n,, was at
13.78%, which is higher than Morocco’s at 12.39% (Attari et al., 2016).
The ngys follows the same pace as the npy. Its average value was 13.29%.
Its values range from a minimum of 11.98% in July to a maximum of
14.03%, recorded in January and February. The nsys average value is
higher than the value of a Moroccan PV power plant (12.00%) reported
by Attari et al., 2016.

The minimum 7sys and npy values recorded in July match the
maximum Ty, (39.22 °C) and the maximum T, (32.99 °C) recorded. As
the T, rises, the nss and 1,y decrease, as shown by the following
equation:

My = —0.08 x T, + 14.78(R* = 0.972) (14.2)

M Eac MEdc

8T-INnf
81-8ny
81-das
81-10
8T-NON
81-22@

Monitored period (months)

Fig. 4.
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Eac and E4cenergy monthly variations in the Ain Skhouna PV plant (Saida, Algeria).
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Npy = —0.076 x T, + 15.19(R* = 0.904) (14.b)

The monthly niyy values range from 93.94% in September to 97.05%
in December. Moreover, Fig. 6 shows that the low 1,y value observed in
September is attributable to the high Ls found during this month (as
mentioned above).

Without taking September into account, the average ni,y value for
the analysed time is around 96.68%. This figure is said to be in the [95%-
98%] range as reported by Fujisawa et al., 2001. It is similar to that
reported by Attari et al., 2016 in Morocco (96.7%) and higher than that
reported by Sundaram et al., 2015 in South India (88.2%). Furthermore,
it was noted that the n;,y was affected by G, as seen in September, but not
by T,.

The PR is the most important primary parameter used for comparing
different solar power plants. It indicates the overall effect of Ls, which
includes converter losses, losses due to non-STC temperature, wire los-
ses, losses due to the cell, chain, and network mismatch, shading losses,
and losses due to fouling, on the nominal output. The evolution of the
monthly average daily PR of this power plant is illustrated in Fig. 10. It
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ranges from 77.08 % in July to 90.26 % in February. The monthly
average daily PR is estimated at 85.52%, which means that 14.48% of
the incident solar energy is not converted to electricity due to the
different losses cited above. This parameter is proportional to 1sys and
Npv, and it is inversely proportional to Tr, and T,. A relationship between
PR and T, with a high correlation coefficient can be proposed as:

PR = —0.519 x T, +95.12(R* = 0.972) (15)

The PR found in the literature is within the range of 0.5 to 0.9 (Attari
etal., 2016; Mensah et al., 2019; Sidi et al., 2016; Wichliniski et al., 2018;
De Lima et al., 2017; Daher et al.,. 2018; Jed et al., 2019). Moreover, the
monthly PR of the 2.5 MW solar PV power plant installed in Navrongo
(Ghana) varied between 61.8% and 76.9%, with an average value of
70.6%. These values represent the level of losses experienced by these
PV plants, which can be attributed to wire system resistance losses, dust
soiling, high ambient temperatures, and low wind speeds (Mensah et al.,
2019). At the Sheikh Zayed solar power plant in Nouakchott, two arrays
(array 1 and 17) had lower PR values as well. Array 1’s monthly PR
ranged from 63.59% to 73.56%, with an average of 67.96% percent (Sidi
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Fig. 7. G evolution on a daily basis during the month of September.
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Fig. 10. Monthly variation in PR at the Ain Skhouna PV plant.

et al., 2016). Another lower value is recorded for the car park in Cairo
(Egypt), where the monthly PR values ranged between 51.7% and 72.7%
(Wichliski et al., 2018). On the other hand, the monthly performance
ratio of the 2.2 MWp grid-connected photovoltaic system installed at the
State University of Ceara (Brazil) ranged from 72.9% to 91.9%, with an
average value of 82.9% (De Lima et al., 2017). In addition, the measured
monthly PR of the 3.2 kWp grid-connected PV system in Port Elizabeth,
South Africa (Okelloet et al., 2015) varied from 81% to 86%, with an
annual mean value of 84.3%. For the 302.4 kWp PV grid-connected
power plant in Djibouti (Daheret et al., 2018), the monthly PR ranged
from 71% to 91%, with an average value of 84%.

The influence of T, and G on the performance of this PV power plant
was investigated using a seasonal analysis. The total G, T, and v for each
season are shown in Table 2. Summer has the highest levels of G and T,,
while winter has the lowest. The winter season has the lowest v value
(4.92 m/s), the spring season has the highest value (7.30 m/s), and the
summer (5.19 m/s) and fall (5.30 m/s) seasons have moderate values.

Because the monthly Ty, and T, are linearly related, summer has the
highest seasonal Tp,, followed by autumn and spring, while winter has
the lowest. The seasonal average monthly E4. and E,, like the seasonal
G, follow the same trend. As seen in Table 2, these parameters have
maximum values in the summer and minimum values in the winter.

As shown in Table 3, all seasonal variations in yields (Y, Y,, and Yy)
are proportional to G, with maximum values in summer (7.27 h, 6.01 h,
and 5.79 h, respectively) and minimum values in winter (4.54 h, 4.2 h,
and 4.07 h, respectively. The maximum seasonal 1,y (14.42%) and nsys
(13.96%) were recorded in the winter. As previously stated, these values
were recorded at the lowest temperature, Tp, (15.64 °C). In the summer
season, with a higher Ty, (35.55 °C), the lowest seasonal npy (12.86%)
and ngys (12.4%) were observed. The seasonal 1,y was higher (96.85%)
in the winter and lower (95.75%) in the autumn, with the latter being
related to the lowest value of 1,y recorded in September.

The L. measured in the winter was the lowest (0.34 h/d), while the L.
measured in the summer was the highest (1.26 h/d). The maximum L,

Table 2

Seasonal value of G, Ty, Ta, V, Eqe, and Ege.
Seasons G (kWh/ Ta(°C)  Tw(°C)  v(m/ Eqc(MWh)  E,.(MWh)

m?) s)

Winter 120.62 9.77 15.64 4.94 3331.84 3232.71
Spring 166.37 16.31 21.68 7.30 4408.73 4271.08
Summer 206.28 29.05 35.55 5.19 5092.6 4910.71
Autumn 132.97 18.80 24.29 5.30 3545.96 3397.59
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can be related to the highest T, observed throughout the summer season.
According to the monthly analysis, the L; was higher in the summer
season (1.48 h/d) due to the higher seasonal G (206.28 kWh/m?) and
the higher seasonal T, (29.05 °C). In contrast, winter had the lowest L
(0.46 h/d), which was associated with lower seasonal G (120.62 kWh/
m?) and lower seasonal T, (9.77 °C). Because L. has such a strong in-
fluence on PR, the highest PR was recorded in the winter season
(89.85%) and the lowest in the summer season (79.79%). As a result, the
PV power plant worked better in the winter than in other seasons, but
not so well in the summer. Furthermore, the spring and autumn seasons
had similar PR values of 86.31% and 86.15%, respectively.

The Ain Skhouna PV power plant (30 MW), which is located in a
semi-arid region, was compared to the Adrar PV power plant (20 MW)
(Aoun, 2020), which is located in a hot desert climate (hyper-arid)
typical of the Saharan zone.

The monthly average daily T, in the Adrar region ranges from
14.05 °C in December to 40.8 °C in July (July). In comparison to the
other months, the months of May, June, July, August, and September
have a higher T,. As shown in Fig. 11, the Adrar region is hotter than
Saida. In other words, the average monthly temperature in Adrar is
greater than in Saida. Indeed, the temperature difference is higher in
summer. It is above 8 °C and can reach 10.86 °C. The G at the Adrar site
ranges from 171.7 kWh/m? (January) to 251.2 kWh,/m? (May).

Maximum G values of over 150 kWh/m? were recorded during the
spring and summer seasons (March, April, May, June, July, and August).
The maximum incident solar irradiation difference between these two
sites was roughly 90 kWh/m? in March, whereas the smallest difference
was 19 kWh/m? (June). The incident solar irradiation in Adrar is higher
than that in Saida.

As illustrated in Fig. 11, the daily average monthly v ranges between
3.59 m/s (October) and 5.14 m/s (April) for the Adrar site. The v in the
Saida site is higher than that of the Adrar site, except for two months,
which are August and December. Thus, we can say that Saida is windier
than Adrar.

As illustrated in Fig. 12, the L; varies between 1.06 h (January) and
3.55 h (July) at the Adrar PV power plant. These values are higher than
those of the Ain Skhouna PV power plant, which range from 0.44 h
(January) to 1.64 h (July). The L; reaches its maximum levels in the
months of April, May, June, July, and August. As previously stated
(Eq.13), when T, and G are higher, the L; is higher. Furthermore, as
shown in Fig. 12, a high L; reduces nsys and PR.

At the Adrar PV power plant, the 1y ranges from 8.34% (July) to
12.37% (January). These ngys values are lower than those of the Ain
Skhouna PV power plant, which vary from 11.98% (July) to 14.03%
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Table 3
Seasonal yields, efficiencies, losses, and PR.
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Seasons Yields (h) Efficiencies (%) Losses (h/d)
Y, Ya Y Nev Nsys Ninv Ls Le PR
Winter 4.54 4.2 4.07 14.42 13.96 96.85 0.13 0.34 89.85
Spring 6.4 5.68 5.5 13.86 13.41 96.82 0.18 0.73 86.31
Summer 7.27 6.01 5.79 12.86 12.4 96.39 0.21 1.26 79.79
Autumn 4.95 4.41 4.22 13.98 13.39 95.75 0.19 0.54 86.15
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Fig. 11. Comparison of T,, G, and v between the two sites studied (Saida and Adrar).

(February) as shown in Fig. 12. The difference in the nsys between the
two power plants reaches high values during the months of May
(3.40%), June (3.55%), and July (3.50%). The greatest L; values are
responsible for this outcome.

The PR values at the Adrar PV power plant range from 55.29% (July)
to 81.96% (January), with an average value of 71.71%, as seen in
Fig. 12. These values are lower than those of the Ain Skhouna PV power
plant, where the PR varies from 77.26% (July) to 90.26% (February),
with an average value of 86.23%. Thus, across the research period, the
PR of the Adrar PV power plant is lower than that of the Saida PV power
plant. The performance ratio disparity between the two stations reaches
high levels during the months of May (19.97%), June (20.89%), and
July (21.33%), which can be related to the low L values reported during
these months.

The rise in ambient temperature, incident solar irradiation, and the
effect of dust are the main causes of decreasing PR in Adrar.

A seasonal comparison was conducted between the two power plants
in Saida and Adrar, which have different climatic conditions. G and T, in
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Adrar are higher than in Saida for different seasons, as noted in Table 4,
which is in accordance with the monthly results. At both sites, the
summer season is marked by higher G and T, values, whereas the winter
season is marked by lower values. During the four seasons, Saida is
windier than Adrar, with high winds in the spring and low winds in the
fall.

As shown in Table 5, the measured values of G and T, have a direct
impact on L, which is higher in the Adrar power plant than in Saida
power plant. Indeed, the highest L, is recorded in summer (1.57 h/day),
followed by spring (1.34 h/day) and autumn (0.84 h/day). The lowest
value of 0.75 h/d is recorded in the winter season. As a result, the nsys
and PR in Adrar are lower in all seasons than in Saida. The two photo-
voltaic power plants, Saida and Adrar, perform best during the winter
months. In fact, as shown in Table 5, the best performances (nsys
(13.96% and 12.12%)) and PR peaks (89.58% and 80.65%) are obtained
in the winter. On the other hand, the summer season is the bad season
with low performance levels.

Nsys of 11.43% and 10.71% are observed in Adrar during the fall and



R. Thaddadene et al.

Neys (%)

Solar Energy 232 (2022) 52-62

16 B Adrar W Saida

14

12

10

8

6

4

2

s 3zzzcezgoiy
5 < 5 5 2 ®m T + 2 o

Monitored period (months)

W Adrar ®Saida

$ 0z O
- 2 2 8

Monitored period (months)

Fig. 12. Ly, ngs, and PR comparison between Adrar and Saida PV power plants.

4.0 B Adrar M Saida
3.5
3.0
2.5
=
= 2.0
-
1.5
1.0
0.5
0.0 > > o o
g 3 =Z 2 £ € z 9
5 eyt ys=§E3 3583
Monitored period (months)
100
90
80
70
— 60
X
o 50
o
40
30
20
10
0 — > — —
g ¢ = = c ¢
5 < ¥ 7 2
Table 4
Comparison of seasonal weather parameters between Adrar and Saida.
Seasons G (kWh/m?) Ta(°C) v(m/s)
Saida Adrar Saida Adrar Saida Adrar
Winter 120.62 186.30 9.77 15.03 4.94 4.49
Spring 166.37 235.19 16.31 25.94 7.30 4.57
Summer 206.28 237.04 29.05 37.01 5.19 4.6
Autumn 132.97 187.04 18.80 25.87 5.30 3.97
Table 5
Seasonal Ly, neys and PR comparison between Adrar and Saida power plants.
Seasons Li(h/d) Neys(%) PR(%)
Saida Adrar Saida Adrar Saida Adrar
Winter 0.46 1.21 13.96 12.12 89.58 80.65
Spring 0.90 2.24 13.41 10.71 86.31 70.79
Summer 1.48 3.05 12.40 9.27 79.79 61.11
Autumn 0.73 1.56 13.39 11.43 86.15 75.48

spring seasons, respectively. PR, on the other hand, takes the values of
75.48% and 70.79%, respectively. In Saida, nsys of 13.41 % and 13.39 %,
are observed during the spring and fall seasons, respectively. PR, on the
other hand, takes the values of 86.31% and 86.15%, respectively. It
should be noted that at the Saida PV plant in both spring and autumn,
similar values for ngys and PR are recorded, which can be attributed to
the high v (7.3 m/s, see Table 4) during the spring season, which favors
PV panel cooling.

The climatic conditions have an important effect on PV performance.
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The installation sites for PV plants must be chosen according to envi-
ronmental conditions. It is true that solar irradiation is the key criterion
in the installation of PV or thermal plants. However, the high temper-
atures caused by the high solar irradiation intensities elevate the Ty, and
the L; while lowering the nes and PR. As a result, measures to minimize
PV module temperature and dust are needed to increase the perfor-
mance of PV plants previously erected in the desert zone.

4. Conclusion

Ain Skhouna PV power plant (30 MWp) located in Saida (Algeria) is
presented as a solar energy application for electricity production. This
study is focused on its performance evaluation during the 2018 year,
according to the norm IEC 61724. The most important parameters that
affect this performance are also evaluated.

The monthly energy generated E4q. ranges from 3084.24 MWh
(January) to 5689.025 MWh (June), and the monthly variation of daily
average output energy spreads from 2945.43 MWh (January) to 5493.79
MWh (June). These two energies are linearly proportional to the inso-
lation. The annual reference, array, and final yields are 5.79, 5.07, and
4.90 h, respectively. The annual capture and system losses are about
0.72 h/d and 0.18 h/d, respectively. The mean monthly PV, system, and
inverter efficiencies are 13.78%, 13.29%, and 96.68%, respectively. The
mean monthly performance ratio is 85.52%, which is comparable to that
of other PV power plants throughout the world.

The ambient temperature has a greater impact on this power plant’s
monthly and seasonal performance than solar irradiation or wind speed.
Winter is the best season for its performance, followed by spring, fall,
and finally summer.

The effect of climate on PV plant performance was investigated by
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comparing two PV plants in Algeria: Ain Skouna (Saida), which has a
semi-arid environment, and Adrar, which has the typical hot desert
climate of the Saharan zone (hyper-arid). Adrar zone receives more total
solar irradiation, has a higher ambient temperature, and is less windy
than Saida zone. According to the monthly analysis, Adrar PV plant has
higher overall losses than Saida PV plant, which has a higher system
efficiency and performance ratio. The months of April, May, June, July,
and August have the highest total losses at Adrar plant, which can be
linked to the maximum ambient temperature and total solar irradiation.
The system’s efficiency and performance ratio decrease as a result of the
high temperatures.

According to the ambient temperature, the winter season at both
power plants is the best, with higher system efficiency and performance
ratios, while the summer season is the worst, with low performance
levels.

As a result, for PV power plant electricity production, a semi-arid
climate is preferred over a desert climate. Indeed, the efficiency of a
PV plant is influenced by the ambient temperature more than solar
irradiation. This explains why the PV plant in Ain Skhouna was placed
first in Algeria’s PV plant classification.

At both power plants, the winter season was the best, with higher
system efficiency and performance ratios, while the summer season was
the worst, with low performance levels, according to the ambient tem-
perature. As a result, for PV power plant electricity production, a semi-
arid climate is preferred over a desert climate. Indeed, the efficiency of a
PV plant is influenced by the ambient temperature more than solar
irradiation. This explains why the PV plant in Ain Skhouna is placed first
in Algeria’s PV plant classification.
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