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The productivity of the PV modules installed in southern Algeria is affected by the difficult desert envi-
ronmental conditions. There are several factors that must be considered in order to ensure the performance
and quality of this system. Several works have been conducted in attempts to explain the real performance
characterization of the a-Si PV modules when deployed outdoors. The degradation rate can be based on the
comparison of the monitoring outdoor performance with the initial indoor measurements taken as refer-
ences, or by applying LR (Linear Regression) and CSD (Classical Seasonal Decomposition) methods with
temperature correction. The a-Si PV modules present light-induced degradation (LID) due to the Staebler-
Wronski effect (SWE) and are attributed to recombination-induced breaking of weak Si—Si bonds by optical-
ly excited carriers after thermalization, thus producing defects that decrease carrier lifetime. The electrical
performance degradation of these modules is very important during the initial exposure to outdoor light due
to changes in photoconductivity and dark conductivity. In this study, a pilot platform was created to obtain a
database related to the actual environmental conditions and electrical performance parameters of the PV
modules. This work assesses the impact of climatic conditions on the behavior of the QS-60DGF modules in-
stalled in the URERMS Adrar (research unit in southern Algeria). The degradation evaluation of the
QS-60DGF modules was performed with various defects, using electrical properties (I-V/P-V) under daily
weather conditions and visual examination (glass breaking). This study is to investigate the degradation
rates of a-Si PV module after more than one year of outdoor exposure in desert conditions.
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1. INTRODUCTION

The solar energy is a free, unexploited and clean
source of energy and is the focus of many recent energy
researches [1-3]. The main objective of these research
works is to study the factors that affect the performance
of PV modules in order to look a solution for solving or
limiting this effect. On the other hand, different studies
in the literature compare the performance of PV mod-
ules under different operating conditions [4-6].

The manufacturers of PV modules typically give the
data that are measured based on standard test condi-
tions (STC: determined at AM 1.5 with an irradiance of
1000 W/m? and a cell temperature of 25 °C). Usually,
these standard test conditions (STC) are not always rep-
resentative of the actual operation of a PV module and
the performance of these solar PV modules may decline
after being exposed to outdoor field conditions due to the
change in weather conditions from one environment to
another and amplified by the effect of aging of the PV
modules. Thus, the characterization of different types of
PV modules under real-life operating conditions is essen-
tial in order to obtain a global view of the real electrical
performance of different technologies at a given site.

The performance and efficiency of PV modules is in-
fluenced by several factors such as solar radiation, am-
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bient temperature, humidity, wind, shading and sand
dust accumulation [7, 8].

The objective of this work is to conduct an empirical
study on the effect of different temperatures and radia-
tion on PV performance parameters. Performance deg-
radation is evaluated after placing (QS-60DGF) thin-
film module in a desert environment. By using visual
inspection of module defects or by the I-V characteristic
measurement normalized at STC condition to compare
with the initial I-V characteristic produced by the
manufacturer (STC Nominal Data). On the other hand,
an experimental investigation of the QS-60DGF module
performance was carried out on two different days
(clear and cloudy).

Adrar in the southern Algeria is characterized by a
hot and arid climate in the summer. Hence, it is very
important to understand the effect of climatic conditions
of the region on PV systems in order to enable installers
and investors to estimate the reliability of PV systems
for a more extended lifetime. As a result, it was con-
ducted an assessment and analysis of the degradation
rate of a-Si PV module. After that, comparison of PV
modules degradation from the literature by taking into
account different parameters (climate, test duration)
was presented.
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2. EXPERIMENTAL PROCEDURE AND
MODULE DESCRIPTION

Evaluation of the degradation of PV modules re-
quires measurements of both the environmental and
electrical parameters associated with the modules. As
part of this work, a dedicated measurement platform
has been set up operational since January 2019. It is
installed on the site of Research Unit in Renewable
Energies in the Saharan Medium (URERMS) in the
south-west of Algeria (Adrar). It is also dedicated to
determine the prevailing operating conditions of PV
modules installed in our study area.

2.1 The Measurement Site

The measurement platform is installed in the region
of Adrar located between longitude 0.27° west and lati-
tude 27.88° north with an altitude of 31 m.

Algeria has the largest solar deposit in the Mediter-
ranean basin. The average duration of solar radiation

Table 1 - STC specifications for the three modules
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in the Algerian territory exceeds 2000 h per year and
can reach nearly 3500 h of solar radiation in the Saha-
ra desert. The total energy received is estimated at
169 400 TWh/year, which is 5000 times higher than the
annual electricity consumption of the country [9].

2.2 Presentation of the Measurement Platform

The measurement platform of PV module perfor-
mance evaluation in this work uses the software and
hardware of EKO instruments (MP-160 I-V tracer).
This tracer equipment is used for the field measure-
ment of the I-V characteristic curves and main charac-
teristic parameters of solar modules. The instrument
measures at the same time the voltage and current, as
well as the incident solar irradiance and temperature
utilizing a pyranometer and a thermocouple.

The technical specifications of the modules given by
the manufacturer are shown in Table 1.

Parameters Symbol a-Si TF (QS-60DGF)
Maximum power Pn (W) 60
Open-circuit voltage Voe (V) 80.3
Short-circuit current I (A) 1.22
Voltage at maximum power Vi (V) 62.3
Current at maximum power Inp (A) 0.96
Temperature coefficient of open-circuit voltage Ky (%/K) —0.28
Temperature coefficient of short-circuit current Ki (%/K) 0.09

3. EXPERIMENTAL RESULTS AND
DISCUSSION

3.1 Degradation Analysis Methodology

There are several methods to assess the PV modules
degradation such as visual inspection, I-V characteris-
tic measurement normalized at STC condition, and
analytical calculation of the degradation rates [10, 11].

In this work, the investigation of QS-60DGF module
was carried out using visual inspection, outdoor I-V
and P-V characteristic measurements of the module
under STC.

3.1.1 I-V and P-V Characteristic Curves
Measurement Results

Before treating degradation of electrical performance,
it is advisable to analyze climate data. Measurements
were carried out at Adrar in the southern Algeria.
Fig. 1-Fig. 3 provide a summary of climate data for
both clear and cloudy days. All data values were meas-
ured every 15 min from 12:00 a.m. to 11:45 p.m.

Fig. 4 presents the results of the experimental inves-
tigation of both clear and cloudy days (clear day: 13-03-
2019 at 11:25 a.m., cloudy day: 04-04-2019 at 11:04 a.m.).
The electrical parameters of these dusty and clean
modules are provided in Table 2 in order to assess the
effect of a cloudy day and the dust on the output power
reduction with increasing solar irradiance. Both the
open-circuit voltage and short-circuit current increase
and hence the maximum power point varies.

We note that the output power difference between
the clean module in a clear day and the clean module in
a cloudy day is equal to 42.7 W, and the output power
difference between the clean module and the dusty mod-
ule in a cloudy day is equal to 2.77 W. The cause of this
variation is the reduction in intensity of sunlight reach-
ing the PV module, leading to the decrease in the short-
circuit current (Isc of a clean module in a cloudy day 1is
0.25 A, I of a clean module in a clear day is 1.21 A).
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Fig. 1 - Solar irradiance of both clear (13-03-2019) and cloudy
(04-04-2019) days
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Fig. 2 - Ambient temperature of both clear (13-03-2019) and
cloudy (04-04-2019) days
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Fig. 3 - Wind speed of both clear (13-03-2019) and cloudy (04-
04-2019) days
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Fig. 4 - IV and P-V curves of dusty and clean modules under
operating climatic conditions

3.1.2 Visual Inspection Results

Glass breakage is an important degradation factor
in PV modules. This occurs most often during installa-
tion and maintenance, especially during the transfer of
PV modules on their installation sites.

From Table 3, a loss of more than 35 % of output
power is observed on this test. Glass breakage is an
event that can be attributed to thermal stress.

Based on the experimental results, a cracked PV
module is practically diagnosed by the I-V and P-V
characteristics, which present a significant drop of Is
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(Fig. 5). There is also a drop of the resultant Pmax and
fill factor (FF). However, the open-circuit voltage (Voc)
has a lower degradation.
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Fig. 5 — The I-V and P-V characteristics results

3.1.3 Analytical Calculations of Degradation
Rates

To assess the PV modules performance, the degrada-
tion rate (Rp) of each parameter was determined under
real climatic conditions by the following analytical ex-
pression [12]:

Ry (X)(%)= [1_;;}100 ,

0

where X is the maximum output current (Imax), maxi-
mum output voltage (Vmax), maximum power output
(Pmazx), open-circuit voltage (Voc), short-circuit current
(Isc) and fill factor (FF) after degradation and Xo repre-
sents the reference (nominal) values of the parameters
given by the manufacturer data under STC (Pmnax0, Imaxo,
VmaxO, IscO, VocO, FFO)

The annual degradation rate (Rp.) is calculated
from the global degradation factor. In this equation, At
represents the module’s exposure period (in years) from
the first operation day until the test date:

G
RDa (X)(%) = ?? :

Table 4 contains the values of degradation rate (Rp)
and annual degradation rate (Rps) for each perfor-
mance parameter of PV modules with broken glass af-
ter 14 months of outdoor exposure in real conditions.

Based on the experimental results, a cracked PV
module is practically diagnosed by an I-V characteristic
which presents a significant drop of L. (Fig. 7). There is
also a drop of the resultant Pmax and FF. However, the
open-circuit voltage (Vo) has a lower degradation rate.

In order to compare the Rp. values found for Pn in
our climate with other climates, we summarized in Ta-
ble 5 different values found in the literature.

By means of comparison, studies conducted on out-
door exposed a-Si PV modules exhibited approximately
1.76-2.21 %lyear performance loss [15]. However, it has
been reported that Rp, values are of 20.4 % in Malaysia
and 18.8 % in Australia and Spain.

These values are lower than what we found in our
measurement, this is mainly due to the harsh atmos-
phere in our region.

05010-3



B. BENABDELKRIM, T. GHAITAOUI, A. BENATILLAH

Table 2 — Parameters of clean and dusty PV modules
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Parameters Isc [A] Voc [V] | Ipm [A] | Vom [V] | Pm [W] FF 1 [%]
Clear day + clean module 1.21 75.67 0.97 55.43 53.66 0.58 4.90
Cloudy day+ clean module 0.25 73.39 0.19 56.57 10.96 0.59 4.59
Cloudy day+ dusty module 0.19 72.1 0.15 56.09 8.19 0.59 4.35
Table 3 — Parameters for PV modules with and without broken glass
Parameters Isc [A] Voc [V] Ipm [A] Vom [V] P [W] FF 1 [%]
Unbroken module 1.29 79.21 1.02 58.45 59.51 0.58 5.34
Broken module 0.90 77.19 0.69 56.29 38.58 0.55 3.46
Table 4 — Degradation parameters of broken PV modules under STC conditions
Parameters Isc [A] Voc [V] | Inm [A]l | Vom [V] | P [W] | FF
Rp (%) 26.23 3.87 28.12 9.65 35.7 14.06
Rp,(%/years) 21.85 3.22 23.43 8.04 29.75 11.71
Table 5 — Summary of some studies on thin-film PV module field degradation around the world
Location Climate Test duration Modules Degradation rate Reference
technology (%lyears)
Perth Temperate 16-19 months | a-Si 18.8 [13]
(Australia) CIS 12.6
Mesa, Arizona | Desert 2.7 years a-Si 3.52 [14]
(USA) 6.7 years a-Si 1.16
Cologne Sub-oceanic 5 years a-Si (A) 1.76 [15]
(Germany) a-Si (B) 2.21
Benguerir Desert 2.5 years TF 1.73 [16]
(Morocco)
Malaysia Humid climatic | 16 months a-Si 20.4 [17]
Gurgaon, Sub-tropical 28 months a-Si 6.4 [18]
India
Jaén (Spain) Dry and sunny | 16 months a-Si 18.8 [19]
Present study | Desert 14 months a-Si 29.7

Another important remark from the previous studies
is that the degradation process goes through two differ-
ent stages: a rapid degradation for the first years of ex-
posure followed by a slow linear degradation rate [20].

4. CONCLUSIONS

Our work is part of a process of analyzing failure
modes of PV systems installed in the south of Algeria.
The exploitation of characteristics (I-V) of QS-60DGF
module allowed us to make the comparison between
different situations typical to a Saharan environment.

The results of cloudy day effect show that the out-
put power production of the tested module was de-
creased from 53.66 W (clear day and clean module) to
10.96 W (cloudy day and clean module).

The obtained experimental results show that the loss
of the maximum output power (Pmax) of a module without
glass breakage is 59.51 W and of a module with glass
breakage is 38.58 W which prove the effect of long time

exposure of modules under desert climatic conditions.

The average degradation rate, however, is around
29 %lyear. This value is relatively higher than what we
found in literature. This is mainly due to the harsh
atmosphere in Adrar, southern Algeria. Nevertheless,
this region has one of the best solar potential in the
world with 3500 h of solar radiation per year.

In future works, we will study the major causes and
factors of degradations noted in this paper. It is neces-
sary to increase the number of modules studied over
longer exposure duration in our study area.
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AnaJis Ta oniHKA BINIMBY KJIIMATHYHHUX YMOB Ha (DOTOEJIEKTPUIHUIM MOIYJIb
3 aMmop(HOro KpeMHio
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Ha npopyxrusHicts doroemexrprunnx (PV) momysis, BcTaHOBIeHUX Ha MIBAHI AJDKHUpY, BILIMBAIOTH
CKJIQMTHI YMOBH Itycresi. IcHye KUThbKa aKTopiB, Kl HEOOXIIHO BpaXOByBaTH, 100 3abe3meunTH ix poboTy Ta
sixicTh. Byso mpoBenerHo qexinabka pobiT y crpobax MMOSICHUTH peasibHy IpoaykrrBHOcTI PV-moayitie a-Si mpu
poamimenH] Ha Bigkpuromy mositpl. IIBmakicTs merpanariii moske Ga3yBaTwcst Ha IIOPIBHSIHHI pe3yJIbTaTiB
MOHITOPHHTY IIPOJAYKTUBHOCTI HA BIAKPHATOMY IIOBITPl 3 IIOYATKOBMMY BHMIPIOBAHHSIME B IIPHMIIIEHH], B3s-
THX SIK eTaJIOH, a60 Ha 3acrocyBanHi metomiB LR (miHiftna perpecis) Ta CSD (kyiacudme ce30HHE POSKIIATAH-
HsI) 3 KOpeKIfen Temmeparypu. PV-monymi a-Si JeMOHCTPYIOTh 1HIyKOBaHY CBITJIOM JErpajalfiio BHACIIIOK
edexry Crabnepa-BpoHcbkoro 1 mos'as3ai 3 iIHIyKOBAHUM PEKOMOIHAITIEID PO3PUBOM CJIAOKHX 3B'A3KiB Si—Si
ONTUYHO 30YyIYKeHNMN HOCIIMH IICJIA TEPMAJIi3allii, CTBOPIOIOYH, TAKUM YNHOM, TeeKTH, II0 3MEHIIYIOTh 4ac
SKUTTA Hoclst. Jerpasiaiiist eJIeKTPUYHUX XapAKTEePUCTUK TAKUX MOJIYJIIB JIysKe BasKJIUBA IIiJ Yac [IePBUHHOIO
BILIUBY 30BHIIIIHBOTO CBITJIA Yepes 3MiHM POTOMPOBIIHOCTI TA TEMHOBOI IIPOBiAHOCTI. ¥ poboTi Oysia cTBOpeHa
miIoTHA TIaTdopMa JIJIsi OTPUMAHHS 0a3U TaHUX, 110 CTOCYETHCS (PAKTUIHUX YMOB HABKOJIMIIIHBOTO CEPEeJIOo-
BUIIA TA IIAPAMETPIB eJIeKTPUUHUX XapakTepuctuk PV-momysais. [IpoBenero oriHIOBaHHS BIUIMBY KJIIMATHY-
HUX yMOB Ha moBemiHKy moay B QS-60DGF, scranosiierux 8 URERMS Adrar (mocimigHUIIBKA ycTaHOBA HA
miBaHl Amrupy). Omiaky gerpagarmi moayimis QS-60DGF mpoBommy 3 pisauMY TedekTaMu, BHKOPHUCTOBYIO-
um esrekTpudHi Biaactusocti (I-V/P-V) B MOBCSAKIEHHUX MOTOJHUX yMOBaX Ta BidyasbHe obcreskenus. Jlocui-
JUKeHHS TIPU3HAYeHe JJIs BUBYEHHS IIBHUIKOCTI Jerpamarii PV-momysist a-Si micss GBI HIsK OJHOTO POKY
nepeOyBaHHS HAa BIJKPUTOMY IIOBITPI B yMOBAaX IIyCTeJIi.

Kmiouori ciosa: @oroenmexrpruni (PV) momymi, Emexrpuuni mapamerpu, BAX-xapakrepucruka, Orminka
TPOAYKTUBHOCTI, Y MOBY HABKOJIUIITHBOIO CEPEIOBUIIIA.
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