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Abstract
This paper presents an experimental voltage quality analysis affected by passing clouds based on results
attained from monitoring a 9.5-kWp photovoltaic grid connected. This system is composed of three 3.2
kWp subsystems installed on the �at roof of the Renewable Energy Development Institute (CDER) in
Algeria. In this paper we analyzed and evaluated Short-term and long-term voltage �icker indexes
(Pst,Plt), power ramp event on voltage quality, harmonics caused by inverter and by the loads connected
to the PCC, and very short voltage variation (VSV). The power quality parameters at the inverter output
side have been measured using CA8335 power quality analyzer. The results show that the change in the
density of the passing clouds has a linear relationship with the change in the intensity of the ramp event
on the power generated by the PVS. Moreover, in the case of a bidirectional electrical network and with
the presence of non-linear loads, the �icker recorded has exceeded the legal limits, due the second-order
harmonics effects generated by non-linear loads and the level impedances at the grid and the PV system
connection point. The concluded results obtained can be an additional pro�t of for the electricity
distribution networks in Algeria, upon in the light of the diffusion of promoting photovoltaic systems.

1 Introduction
According to the (International Energy Agency report (IEA), 2020), during the period from 2023 to 2025,
the average annual PV capacity is expected to be increased between 130 GW and 165 GW, aiming for a
total rate of 107 GW, which consists 60% of the total predictable renewable energy capacity [1]. The IEA
report also predict that the cost of large-scale production of PV systems will be reduced by 36% over the
next �ve years, with the aim of installing the cheapest PV systems, in almost all countries [1].

Nowadays, increasing attention has been paid on PV systems that have evolved with the opening up of
electricity production to competition and therefore the possibility for consumers to choose their supplier.
In this context, Electricity Company’s competitiveness is linked to the rate and cost of the energy that can
be provided. Nevertheless, any poor electrical power performance may affect a mal system function
which generally led to unexpected standby. In addition, the �uctuation in the yearly cost can therefore be
a signi�cant impact on the energy production loss, and main cause in components’ reset. Moreover, the
electronic equipment such as computers, battery chargers, electronic ballasts, variable-frequency drives,
and switched-mode power supplies generate perilous harmonics may cause enormous economic loss,
annually. Accordingly, both power suppliers and consumers are concerned about these technical. In fact,
the electronic equipment’s could be affected by power quality problems that are not detectable with
voltage/ generators disturbances. The main disturbances likely to impair the proper functioning of
equipment and industrial processes are voltage dips, voltage �uctuations, harmonics, inter-harmonics, or
�icker, overvoltage, temporary overvoltage, as well as transient overvoltage [2, 3].

Regarding the growth of electronic inverters-based PV systems, the distribution network tested through
two-way energy �ow can create a new set of power quality challenges such as voltage quality and
harmonics in the systems PV connected to the distribution network with the presence of loads at the
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common connection point (PCC) [4,5–8,9,10]. The photovoltaic systems e�ciency is related to the
�uctuation of solar radiation, caused by the weather conditions variation which includes, the passing-
clouds through the various seasons, the characteristics of the PV erection sites and the PV array erection
types (�xed or tracked). The intermittent nature of PV generation is the main source of power quality
issues. The main power quality problems associated with rapid power �uctuations are voltage
�uctuations or �ickering of light, induced by voltage �uctuations less than 10% [5–8,11–14,15–17]. It
depends on the weather conditions, the season and the location of the PV system in the grid, which also
depends on the size of the PV generator, the output power �uctuations [18, 16]. Rapid changes in solar
radiation due to transient clouds can cause large and frequent �uctuations in PV output power, which in
turn could cause voltage �uctuations in the PV system integration node. The assessment of short- and
long-term �icker has been presented in the literature [5]. [7], based on the relative grid voltage, time of day
and date of the year. Hanaa Karawia et al. [15] studied the relationship between PVs of different
capacities, different types of 'inverters (single-phase and three-phase) and �icker in the distribution
network at the common coupling point. global irradiation gradients and clear sky index in an area.
Additional constraint on electrical equipment and the malfunction of sensitive network equipment are
presented in Ref. [19]. An appropriate rationale for how the second harmonic can cause an immediate
impact and directly increase the severity of the voltage �icker has been discussed in [20, 21].

Considering the large number of passing clouds through- above a site, the incident solar radiation is
therefore much dispersed and �uctuating that results the output power of the PV systems very
intermittent. The cloud cover affects the performance of solar panels by reducing their lower power
production. The partial cloudy sky has a minimum impact on the PV array energy production which can
drop by medium average rate between 10–25% [8, 16] The very intermittent power output of PV systems
causes sudden and frequent �uctuations in voltage at the PCC, thus generating a large number of voltage
�uctuations and �ickers to low voltage distribution networks.

This problem has been analyzed through the current attempt, following a deep analysis of voltage quality
of a PV system connected to low distribution grid, erected at our research center CDER, Algiers, taking into
account different PV production penetrations by inserting non-linear loads at the PCC. Moreover, the
contribution of the �icker level associated with solar PV production on the energy quality at the PCC were
studied Furthermore, high power ramp rate analyzes were performed. The correlation between the �icker
level and the grid voltage and meteorological parameters were studied. The interaction between the grid
and the PV system was also presented. The measurement data done with the �icker indices for the
observation period were recorded and analyzed. Accordingly, the �eld measurements of the power quality
of the PV system were carried out, for various operating conditions. Hence, the method used to calculate
the �icker indices is different from the common method de�ned in IEC 61000-4 -15 Standard, was then
assessed and deemed appropriate during the study.

This paper is organized as follows. Section 1. presents the introduction. Section 2.
Locationcharacteristics, material and methodology. Section 3. Passing-clouds effects on different PV
system connected network. 4. Result and discussions. The �ndings are presented in section 5.
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2 Location Characteristics, Material And Methodology

2.1 Location Characteristics
Algeria is one of the sunniest regions in the world. Indeed, following the satellite assessment, the German
Aerospace Center (DLR) concluded that Algeria has the greatest solar potential in the Mediterranean
basin: 169,440 TWh / year [22, 1, 23, 24, 25]. The average duration of sunshine over almost the entire
national territory exceeds 2000 hours per year, and an annual average daily sunshine of between 5 and 6
kWh / m2 / day, received on a horizontal surface, The daily energy obtained on a surface horizontal of
1m2 is around 5 kWh over most of the national territory, i.e. around 1,700 kWh / m2 / year for the North
and 2,650 kWh / m2 / year for the South of the country, as it is illustrated in Table1. Adding to the huge
“albian” underground water reservoir, in the southern part, the area is characterized by cold weather, in
winter, and an extreme heat, in summer when, around 10.7 ° C, is the minimum average temperature level
recorded in January (the coldest month), and around 34 ° C as the high average level temperature,
recorded in July (hottest month). [22].The Algerian government has launched a national program to
install various stations of renewable source supply with a total capacity of 22 GW by 2030. This program
aims to reduce around 193 million tonnes of CO2 emissions [23, 26]. Figure 1. (a) illustrates the map of
global solar irradiation at optimum tilt, showing that more than 3.58 kWh / m2 / day can be affected in
northern regions. Figure 1. illustrates the Algerian maps; (a) global solar irradiation at optimal inclination,
(b) the cloud cover. The cloud covering the Northeast region produces less than 0.41 kWh / m2 / day.
Compared to clear weather a signi�cant loss of 3.17 kWh / m2 / day.

The grid-connected PV system considered in this study is installed on the roof of the Renewable Energy
Center (CDER) in Bouzareaha, Algeria. The research center building is located at (L36.80 N, LE of 3.03E
and Al.347 m), installed in 2004. The system's location near the sea has given it characteristics of the
Mediterranean climate that affect the performance of the system, where the solar radiation number
reaches about 12 hours per day. The average temperatures are on the whole moderate due to the
temperature of the Mediterranean Sea. This location is also characterized by high humidity, which
reaches 90% in winter and 80% in summer. There are also frequent passages of cloudy systems in winter
and clear sky situations in summer with stormy systems in the off-season periods, namely winter-spring
and summer-autumn. The wind is generally calm except in the winter period when average values of
around 30 km/hour can be recorded in situations where meteorological disturbances come from the
North [27].
 

 



Page 5/30

Table 1
Solar potential Algeria[23]

Regions Coastal Region High Plains Sahara Total

Surface (%) 4 10 86 100

Area (km2) 95270 238174 2048 297 2 381 741

Mean daily sunshine duration(h) 7.26 8.22 9.59 -

Average Sunshine duration(h/year) 2650 3000 3500 -

Received average energy (kWh/m2/year) 1700 1900 2650 -

Solar daily energy density (kWh/m2) 4.66 5.21 7.26 -

Potential daily energy (TWh) 443.96 1240.89 14 870.63 16 555.48

2.2 Description of the Experimental System
The Fig. 2. shows the different parts of the PV system connected to the low voltage distribution grid and
composed of 90 PV modules with a total installed capacity of 9.45 kW;of Isofoton type with a nominal
value (Peak power: 106 Wp and a nominal voltage: 12 V. The PV system splits into three sub-systems of
30 PV modules, each. The three identical �elds are connected to the three-phase through three single-
phase transformers less inverters of the SMA Sunny Boy 3000TLST-21 type with a nominal power of 3
kW. The collected data in the PV plant is recorded at �ve minutes time step and saved on a daily basis in
SMA Sunny WebBox data logger. The metrological data is collected through the Sunny Sensor Box
installed on the PV module which houses various instruments to measure climatic data (wind speed,
irradiance, ambient and panel temperatures). Our plant is equipped with a protection system at two
locations. The �rst is DC protection located between the PV array and the inverter, and the second is AC
protection found between the inverter and grid injection phases for the safety of personnel and easy
manipulation of the system [27]
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Table 2
PV Module Speci�cations

Symbol Parameter Value Units

T Cell temperature 47 °C

V Nominal voltage 12 V

Pmax maximum power 106 ± 5% Wp

Isc.ref Short-circuit current 6,54 A

Voc.ref Short-circuit voltage 21,6 V

Impp.ref MPP current 6,1 A

Vmpp.ref MPP voltage 17,4 V

  
Table 3

Inverter Speci�cations (at Rate Conditions)

  Symbol Parameter Value Units

Input PDC Nominal Power 3200 W

  I
DC

The max input current 15 A

  V
DC

Input Voltage max 750 V

  V
DC

Input Voltage Min 125 V

Output P
AC

The nominal power 3000 W

  CosØ Factor of nominal power 1  

  f The frequency 50 Hz

  V Rated mains voltage 230 V

  E�ciency 96 %

2.3 Method of Measurements
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The measurements were taken at the research laboratory (grid connected PV system). The test bench
consists of a Chauvin Arnoux C.A8335 power analyzer and a computer to acquire all the data. Electrical
parameters such as voltage, active power, short-term �icker (Pst), long-term �icker (Plt), harmonic
distortion rate THD of current and voltage were measured at the outputs of the three inverters of the PV
system and at the PCC in the presence of nonlinear loads with a resolution of 1munite. Solar radiation is
collected through the Sunny Sensor Box installed on the PV module every 5 min. Measurements in real
conditions were carried out over several periods from April 23 to 29, 2021, March 11, 2021, April 5, 2021,
and April 6, 2021.

2.3.1 Chauvin Arnoux C.A8335
The Chauvin Arnoux C.A8335 network analyzer consists of nine input channels (voltage and current), four
MN 93 current sensors (200 A) and �ve voltage sensors up to 1000 V, the data transfer carried out by the
Power Analyzer software. Transfer (PAT2). The device complies with IEC 61010-1 standards. Harmonic
calculations are performed by FFT (16 bits), 1024 points over four cycles.

2.3.2 IEC 61000-4-15 Standard
Generally,�ickermeters must be tested with different types of voltage according to the 61000-4-15 IEC
standard [28–34]. The International Electrotechnical Commission (IEC) has developed a set of standards
which systematically account for many di�culties of the "�icker curve" methods [28]

Several authors have proposed to use the CEI �ickermeter as a universal �icker quanti�cation method [29,
34]. The IEC 61000-4-15 standard is becoming the most widely used method for measuring �icker.The
architecture of the �ickermeter can be divided into two parts, each part performing one of two tasks;
simulations of the brain lamp-eye chain response and on-line statistical analysis of the �icker signal and
presentation of the results. A Digital Implementation of the 61000-4-15 Flickermeter describes the
structure and operation according to the standard whose �ickermeter consists of �ve blocks [29–34].

The voltage �ickers were measured by the power grid analyzer according to the IEC 61000-4-15 standard
which de�nes the severity of the voltage �uctuation by two indices, namely the short-term �icker severity
index (Pst), and the long-term �icker severity index (Plt) [29,34]. According to IEC 61000-4-15 standard, the
Psts are the values measured for ten minutes. Flicker severity indices are statistically calculated from this
data in the �fth block of the �icker-meter. The �icker index at Pst is given by the formula (1) [12, 35]:

Pst = aP0.1 + bP1s + cP3s + dP10s + eP50s

1

Where

a = 0.0314, b = 0.0525, c = 0.0657, d = 0.28, e = 0.08

√
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P3s =
P2.2 + P3 + P4

3

P10s =
P6 + P8 + P10 + P13 + P17

3

P50s =
P30 + P50 + P80

3

While; P0.1, P1s, P3s, P10s, and P50s are the instantaneous values of Pst for 10 minutes respectively for 0.1,
1, 3, 10, and 50% of time.

The Plt is a moving average of the Pst values over a two hour period according to the following formula
(2):

Plt =
3 ∑ 12

i=1P3
st , i

12  (2)

Table 4. gives the values of Pst and Plts according to the IEC 61000-4-15 standard

  
Table 4

Pst and Plts According to the IEC 61000-4-15 Standard .
Voltage level Absolute severity of Pst Absolute severity of Plt

LV System 1 0.8

11kV to 33kV 0.9 0.7

> 33kV 0.8 0.6

3 Passing-clouds Effects On Different Pv System Connected Network

3.1 Impact the Second Harmonic Order on the Flicker Level
The second harmonic order causes waveform distortions characterized by asymmetries between the
positive and negative half cycles. Some single phase converter topologies, when supplied with
asymmetrically distorted voltage waveforms [36, 37, 20, and 21]. A very strict limit for controlling the
second harmonic order is set by international power quality standards [37], the second harmonic order

√
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greater than 3% may occur due to possible faults in some of devices and operations of electrical
electronic that may cause a slight of different voltage drops on their internal impedances [37].

3.2 PV Power Ramp Event
A ramp event occurs when the magnitude of the increase or decrease in the power signal in the interval
∆t is greater than a prede�ned threshold value. Many researchers should hold a de�nition for ramp
events by the following variables: ramp start time, ramp time, ramp rate, ramp swing, and ramp end time.

According to the ref. [38, 40], a ramp event occurs when the difference between the maximum and
minimum output power measured in an interval ∆t is greater than a threshold value. As well as Abrupt
power change is usually calculated by the percentage of installed capacity.

Equations (3) and (4) give the models used to calculate the lengths of the ramps [38]. The ramps can
generally be divided into two basic types: ascending ramp and descending ramp. In meanwhile the ramp
event of solar radiation can be calculated.

(P(t + Δt) − P(t)) > Pval

3

(maxP(t + Δt) − minP(t + Δt)) > Pval

4

Figure 3. illustrates the variations of solar radiation incident on the PV system connected to the CDER
building network, during the year 2021, it can be observed that the high lengths ramps event are
highlighted during the period from January until December.

at maximum value with the presence of clouds in relation to the summer where large incident radiation
and high temperature too. This, in turn, affects the amount of power produced and low presence of
clouds. the maximum event ramp lengths reaching 1000 W / m2 in March and more than 800 in April and
May, while in summer the event ramp lengths of low radiation which does not exceed 400 W / m2 due to
low presence of clouds. in Autumn and winter the lengths of the ramps remain between (600 and 800) W
/ m2 because the amount of incident radiation is medium although the passage of clouds is dense in
these seasons.

The study of the timing and extent of the effect of changing the effects of solar radiation on the quality
of electrical energy in grid-connected photovoltaic network, requires deep investigation of its �uctuations
through the year. Figure 4. shows the probabilities of the solar radiation ramp events by months of the
seasons in the year 2021. It can be seen that the solar radiation ramp events can be occurred during all
the months of the year. Within distinction in depths according to months and seasons, the shading, and
the clouds number of that pass during each month. These changes are minor in summer, while, their
depth reaches between (400 and 500) W / m2 with the effect of shading. These ramp events increase in
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winter and fall between (600 and 700) W / m2, due to the presence of clouds during these months, while
they reach their highest level in February and March, and this is due to the increase in solar radiation
number and clouds passing together, where it reaches 800 W / m2.

3.3 Very Short Voltage Variation (VSV)
The IEC-61000-4-15 standard for power quality measurements de�nes two aggregated time intervals for
changes in RMS voltage: very short duration for 3 seconds intervals and short duration for 10 min interval
[19, 39]. The 10-minute values are used to quantify the performance of the system, where, the 3s values
used to quantify the effects of sensitive equipment such as short-term voltage �uctuations(Ush)

calculated as follows [39] : Ush(tk) = 
1
N ∑k

i=k −N+1U2
us ti  (5)

Where:

N: Number of 3 s values in the 10 min interval.

tk : Sample time corresponding to the end of a 10 min clock interval

In order to analyze the impact of power �uctuation on the characteristics of the loads at the PCC, we used
the techniques of voltage variations(ΔUsh) at 10 min intervals [39]. ΔUshde�nes the difference between
values of 3s and values of 10 min on the one hand, and the very short variations ΔUusof 3s on the other
hand is de�ned as the difference between the rms voltage of 3 s and the rms value of the values 3 s in
the previous 10 min.

ΔUus(tk ) = Uus tk − Ush(tk ) (6)

ΔUsh(tk ) = 
1
N ∑k

i=k −N+1ΔU2
us ti  (7)

ΔUus tk  : Voltage variation for 10 min

ΔUsh(tk ): very short voltage variation during 3s

4 Result And Discussions
Aims to study the effect of �uctuations caused by clouds on the voltage quality with the possible reasons
of the PV system connected to the low voltage distribution grid in Algiers.

Figure 5. shows the daily voltage on the three phases of the PV system. These days were chosen because
most of the out-of-range voltages occurred during this period (effect of radiation and clouds), and the

√ ( )

( )

√ ( )

( )
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different scenarios of the loads at PCC on each phase versus the days of operation of the 23, 24, 25 26,
and 29 April 2021 (working days in the laboratory), and the days without use of loads corresponding to
the weekend on April 27 and 28, 2021.

A comparison between the daily voltage pro�les of the three single-phase phases during the seven days
of testing shows that the voltage decreases during the hours of PV production and peak load usage at
the PCC between 8:00 am and 5:00 pm, where, the voltage varies between the three phases according to
the loads connected. The maximum voltage variation is seen during the �ve working days, from Sunday
to Thursday, compared to the two weekend days.

Figure 6. to Fig. 8. illustrate the active power produced by the PV system, the Pst and the Plt �icker indices
of the three PV systems, respectively.

A signi�cant correlation was shown between the active power and the �icker indices. However, a slight
effect of PV systems on the �icker level during the hours of PV production with �uctuations in power
produced by the PV system is observed, due to the absence of the clouds during those days. However, the
low impedances and loads connected at the PCC make the Pst and the Plt �ickers very signi�cant. The
values are initialized from different initial values that dependent on the connection impedance of each
phase, loads connected at PCCs, and the THD of the network at PCC.

Figure 6. is showing the variations of the Pst and the Plt for the �rst PV subsystem, with respect to the
power produced vary between 0.5 and 2 in the most of the time, due to the load �uctuation. In addition, a
slight effect of the �uctuating power due to the clouds passing over the system compared to the very
high Pst level observed in the duration of the PV production. The Plt level during the entire measurement
period is greater than one, and a slight effect of the PV production on the Plt level is observed.

Figure 7. is showing the Pst level of the second PV subsystem varies between 0.4 and 1.6, where these
values started at an initial value of 0.4, that represents the Pst of the network, which depends on the
connection impedance of this phase and the load connected at the PCC. The effect of PV production is
well observed; where the Pst level follows the active power variation. The same effect is observed for the
Plt, whose range of variation is 0.4 to 1.2 at low cost.

For the third PV subsystem (Fig. 8.), the level of the initial Pst is low compared to the other PV
subsystems from which it starts at an initial value of 0.2, and the same for the calculated Plt from which
it increases by a value of 0.2 up to 1.

4.1 Impact of PV System Penetration on Pst and Plt �icker
indices
A case study is performed to investigate the severity of the �icker caused by varying PV penetration levels
of the three PV systems when the power grid is used as a power source. This study is carried out for two
selected days. In order to reveal the penetration effect of PV production in the three subsystems, the �rst
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day is a reference day of April 27, 2021, which represents a weekend, is considered as a reference day
where, the effect network and loads at the PCC can be neglected. The second day of April 24, 2021, is
selected to reveal the the Pst and Plt �icker indices variations caused by the PV system with the presence
of the loads connected to the PCC.

Figure 9. illustrates interaction impact between the network and the power penetration of the PV system
on the Pst and Plt indices of the �rst subsystem. As can be seen that for the reference day when the PV
system is not connected to the grid (0% of the production capacity), the �icker indices Pst and Plt are
respectively 1.28 and 1.05. These values represent the �icker indices of the loads connected to the PCC
which exceed the normalized values (see table). The variations of these indices at PCC may depend on
the impedance connection between the PV system and the grid, in addition to the loads connected and
the problems of harmonics on this phase. When the PV production penetration increases from 25%, 50%
and from the maximum capacity the Pst vary respectively 1.28, 1.3,1.3, and the Plt vary respectively
(1.05,1.07,1.13,1.15). During the second day the �icker at the PCC is combined with the �ickers
introduced by the power �uctuations and solar radiation. It is also observed that the Pst indices become
almost the same values as on the reference day, due to the very high indices levels of the indices
produced by the loads and the grid at the PCC for all the PV power levels where the Pst varies respectively
(1.28, 1.3,1.3,1.98), and the Plt vary respectively (1.05,1.16,1.26,1.54)

Figure 10. illustrates the indices Pst and Plt of the second PV subsystem. When the PV subsystem is not
connected to the grid during the two days, the Pst and Plt are respectively 0.5 and 0.44. For the reference
day, the results show a signi�cant increase in Pst and Plt on the second phase, when the PV capacity
gradually increases from 25% to the maximum production capacity. Pst increases from 0.55 to 0.58 for
50% of the capacity, and from 0.78 for the maximum capacity. Plt increases from 0.49 to 0.51 for 50% of
production, and 0.7 for maximum capacity. For the second day we can observe a slight effect of the
power �uctuations in the indices levels or these indices increase compared to the penetration level of the
PV system, and the activities of this phase, otherwise the values of the �icker indices in short and long
term are respectively (0,5,0.92, 1.18,1.18) and (0.44,0.82,0.94,0.92).

For the third PV subsystem, the effect of �uctuations appears when the effect of the dominance of the
loads and the grid are weak; Fig. 11. shows that the Pst and the Plt are respectively 0.3 and 0.29 when the
PV system is not connected to the grid for the two days. A signi�cant increase in Pst and Plt on the third
phase, when the PV capacity gradually increases from 25% to the maximum production capacity. Pst
goes from 0.36 to 0.37 for 50% of the capacity, and from 0.55 for the maximum capacity. Plt increases
from 0.35 to 0.36 for 50% of production, and 0.52 for maximum capacity. For the second day we can
observe that the power �uctuations effect on the indices levels, these indices increase compared to the
level of penetration of the PV system, and the activities on this phase. The values of the short and long
�icker indices term are respectively (0.3,0.36, 0.46,1.34) and (0.29,0.33,0.36,0.81). In this phase, the effect
of loads and the network are weak but the effect of power �uctuations is also weak and has no
signi�cant impact on the �icker indices.

4.2 Impact of Second Order Current Harmonic Rate
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Harmonic currents are due to the presence of non-linear electrical loads at the PCC. The circulation
current is greater than the arm current of the non-linear loads static converters is dominated by the
second order harmonic. the second harmonic current causes �uctuations voltage on the load capacitor at
the connection point between the load, the PV system, and the grid. These �uctuations depend on the
number of non-linear loads connected and the impedance of each phase, otherwise these voltage
�uctuations affects the level of �ickers at the integration point. Figure 12. shows the variation of the
second order harmonics on each phase in the test period where the harmonics effect appears in three
phases with different values except the photovoltaic production period resulting from the loads
connected in each phase

4.3 Impact variations in radiation on waveform and voltage
quality
In order to assess the relationship between the �icker indices and the current waveform which directly
depends on the solar radiations, the analysis is carried out on three typical weather conditions: an
overcast day (April 24, 2021), a cloudy day (April 26, 2021) and a sunny day (April 28, 2021). Figure 13,
Fig. 14, Fig. 15, and Fig. 16 show the current, voltage �uctuations, and �icker indices during the three
weather scenarios. According to the results there is some correlation between the weather conditions.
�icker level, and voltage waveform

According to Fig. 13, the variations in voltage observed mainly depend on solar radiation and the current
produced by the photovoltaic system, Fig. 14 and Fig. 15 show the short-term and long-term �icker
propagation during a cloudy day, a rainy day, and a sunny day, respectively. The �icker emission during
the cloudy day is higher than the emission. O�ickerin during a sunny day and a day with overcast sky

4.4 Impact of the Power Ramp Rate On The Voltage
Variations
Figure 17. is showing the voltage ramp is linked to changes in radiation and the cloud passage, otherwise
the quality of the energevent versus the power ramp event for the three PV subsystems at the PCC. To
�nd out the impact of the power ramp according to the solar radiation ramp event on the voltage quality,
we applied the two models (3) and (4) by a resolution with an accuracy of 5 min. In contrast, the results
showed that voltage �uctuations in the three subsystems are produced at the output of the inverters.The
results con�rm that the two models give different results, furthermore the second model shows the
clouds effect as the �rst takes into account the effect of connected loads which are related to the number
and load type, voltage variations do not exceed 4% according to model (03) for the three PV subsystems,
in contrast and according to the second model (04) the voltage variations 10% for the �rst subsystem, 9%
for the second sub -system, and 7% for the third.

4.5 Impact the location of the PV system
The powers at the output of the PV system, at the PCC and the powers of the loads for a period on March
11, 2020 are shown in Fig. 18. When many �uctuations in radiation were observed. To show the
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relationship between the power �uctuation caused by the �uctuations in solar radiation at the output of
PV inverters and at PCC at the level of THDi and THDv. Table 5shows the total THDi and THDv for
different power ramps on the three locations (inverter, PCC, load). According to the results, the THDi is
very sensitive to changes in the power ramp and varies depending on the location of the integration of the
PV system in the grid and with respect to the load types connected to the PCC. The THDi has an almost
inverse relationship with the actual inverter output power, which in turn affects the level of THDi at the
PCC. On the other hand, the total voltage THDv is not sensitive by changes in solar radiation but it is
sensitive to the loads type connected.

Table 5 Total THDi and THDv for different PV capacity production

Case PPV PPCC P Load PV Penetration THD i THD v

W % PV PCC Load PV PCC load

% f % f % f %f % f % f

01 2623 2309 336.3 87.43 5.3 11.2 37.9 6.4 6.4 6.4

02 1884 1566 334.9 62.8 9 30.3 37.6 6.4 6.4 6.4

03 307.6 -32.1 334.4 10.25 24 95.6 39.3 6.5 6.5 6.5

04 292.7 -50.4 334.9 9.75 24.9 95.7 41.4 6.5 6.6 6.5

05 425.4 92.7 335.7 14.18 20 92 43.2 6.6 6.6 6.6

06 696.3 367.8 336.6 23.21 15.3 67.7 43.3 6.6 6.6 6.6

07 2263 1947 336.8 75.43 6.4 16.7 41.3 6.5 6.5 6.5

08 2698 2385 336 89.93 5.2 11.1 38.8 6.4 6.4 6.4

09 2189 1871 336.7 72.96 7.2 21.7 40.8 6.5 6.5 6.5

10 2399 2083 337.7 79.96 5.7 13.5 42.6 6.5 6.5 6.5

11 2462 2146 337.6 82.06 5.5 12.8 42.6 6.4 6.4 6.4

12 2450 2135 337.2 81.66 5.5 12.7 42.2 6.4 6.4 6.4

13 2472 2159 336.8 82.4 5.4 12.4 41.9 6.4 6.4 6.4

4.7 Impact of �uctuations on rapid variations in very short
voltage
Strong correlation has been observed between the power �uctuations, caused by clouds and the values of
Pst and VSV. In order to illustrate the impact of these �uctuations on electronic equipment and on the
malfunctions of sensitive network equipment, a cloudy day of April 5, 2021 and sunny day of April 6,
2021 s chosen. Figure 19.is showing the power at the output of a PV inverter. According to Fig. 20, Fig. 21,
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Fig. 22, Fig. 23, Fig. 24, and Fig. 25 ,the relatively slow current changes caused by passing clouds on a
partially cloudy day have a weak effect on the �icker induces, but have a distinct effect on the VSV value.
During the sunny day, the only relevant VSV peaks are related to the gradual changes in voltage levels at
the PCC caused either by abrupt changes in load or by the type and number of loads at the common
connection point.

5 Conclusion
This paper presented a detailed analysis of the relationship between changes in solar irradiance and
voltage quality at PCC. The energy quality analysis was carried out on three single-phase photovoltaic
sub-systems of the �rst photovoltaic system connected to the CDER network, through a speci�c high-
resolution electrical energy quality analyzer (seconds and up) according to IEC 61000-3-15 standard. The
obtained results concluded that, the power changes due to the clouds passing over the PV system
produce the short-term �icker (Pst) and the long term �icker (Plt) that exceed the legal limits and are
increased with the PV production penetration, the length of the power ramp, the location of the PV
system. The impedance of the network between the PV system and the second order harmonic network,
for the production hours with the presence of non-linear loads. Cloud-induced PV power changes only had
no signi�cant effect on the �icker except with the presence of non-leniary loads connected to the PCC.
Although these variations have a very important effect on the little voltage level which affects the
lifespan and fault of sensitive electronic equipment and the protection system.

As perspectives, we will continue the different smoothing technique studies in the way to contribute in
adapting the PV grid-connected systems.
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Figure 1

a) Map of the global solar irradiation at optimal inclination, b) map of cloud cover

Figure 2

PV system connected to the Algiers’s very low voltage distribution network
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Figure 3

Yearly solar radiation

Figure 4

Mondly seasons ramp events of solar radiation
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Figure 5

Voltage variation of the three phases at the PCC.

Figure 6

Active power produced by PV and the Pst and Plt �icker indices of the �rst subsystem

Figure 7

Active power produced by PV and the Pst and Plt �icker indices of the second subsystem
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Figure 8

Active power produced by PV and the Pst and Plt �icker indices of the thirth subsystem

Figure 9

Pst and Plt �icker indices for different capacities production of the �rst PV subsystem
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Figure 10

Pst and Plt �icker indices for different capacities production of the second PV subsystem

Figure 11
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Pst and Plt �icker indices for different capacities production of the third PV subsystem

Figure 12

Second harmonic order of current on the �icker

Figure 13

Current injected during a clear sky day, a cloudy day, and an overcast day.

Figure 14

Voltage �uctuations during a clear sky day, a cloudy day, and an overcast day
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Figure 15

Pst �ickers on a clear sky day, a cloudy day, and an overcast day.

Figure 16

Plt �ickers on a clear sky day, a cloudy day, and an overcast day
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Figure 17

Correlation between voltage variation and power variation



Page 27/30

Figure 18

Power ramp for a cloudy day

Figure 19

Ramp event of Power for a cloudy day

Figure 20

Voltage variation for cloudy day and sunny day
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Figure 21

Plt �ickers on a clear sky day, a cloudy day
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Figure 22

Plt �ickers on a clear sky day, a cloudy day, and an overcast day

Figure 23

daily 3 second of the rms voltage
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Figure 24

Daily very-short variations: 3 second values versus time of day

Figure 25

Daily in very-short variations: 10-min values versus time of day


