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Analysis of Photovoltaic Performance Loss Rates of
Six Module Types in Five Geographical Locations

Philip Ingenhoven , Giorgio Belluardo , George Makrides , George E. Georghiou , Paul Rodden,
Lyndon Frearson, Bert Herteleer, Dario Bertani, and David Moser

Abstract—In this paper, the annual performance loss rates
(PLRs) of five different grid-connected photovoltaic (PV) technolo-
gies based on outdoor field measurements were computed. The data
used were collected in five different geographical locations covering
five climatic zones. The PLR values were determined as absolute
and relative measures for all sites and module types using seasonal
time series decomposition using local regression. The results are
very consistent and show a clustering of the PLR for each technol-
ogy, provided some explainable outliers are removed. This allows
the conclusion that in presence of properly sized and quality-driven
systems, the influence of different climates on the degradation of
PV modules is not very strong. In the first approximation, indi-
vidual degradations rate values computed in a single climatic zone
can be seen as representative for the technology in general. The
reason for this is that for defects there is an associated activation
energy, which has not been reached yet in the systems analyzed in
this study.

Index Terms—Climate dependence, performance loss rate
(PLR), performance ratio (PR), photovoltaic (PV) degradation.

I. INTRODUCTION

H ISTORICAL performance data for photovoltaic (PV) sys-
tems on which to base technical risks yield assessments,

and investment decisions are difficult to be accessed by all mar-
ket players. Reasons for this difficulty are to be found in the

Manuscript received December 17, 2018; revised March 1, 2019 and April
6, 2019; accepted April 20, 2019. Date of publication May 22, 2019; date of
current version June 19, 2019. The work of P. Ingenhoven, G. Belluardo, and
D. Moser was supported by EURAC, which was cofunded by the Stiftung
Südtiroler Sparkasse within the IEA-PVPS Task 13 network. The work of
D. Bertani was supported by the RSE, which was funded by the Research
Fund for the Italian Electrical System under the Contract Agreement between
RSE S.p.A. and the Ministry of Economic Development stipulated on July
29, 2009 in compliance with the Decree of March 19, 2009. The work of P.
Rodden, L. Frearson, and B. Herteleer was supported by Ekistica, which was
funded by ARENA under IEA PVPS Task 13. (Corresponding author: Philip
Ingenhoven.)

P. Ingenhoven, G. Belluardo, and D. Moser are with the Institute for Re-
newable Energy, EURAC Research, 39100, Bolzano, Italy (e-mail: philip.
ingenhoven@eurac.edu; giorgio.belluardo@eurac.edu; david.moser@eurac.
edu).

G. Makrides and G. E. Georghiou are with the University of Cyprus, Nicosia
1678, Cyprus (e-mail: makrides.georgios@ucy.ac.cy; geg@ucy.ac.cy).

P. Rodden, L. Frearson, and B. Herteleer are with the Ekistica, Connellan,
NT 0870, Australia (e-mail: Paul.Rodden@ekistica.com.au; lyndon.frearson@
ekistica.com.au; bert.herteleer@ekistica.com.au).

D. Bertani is with the RSE SpA, 20134 Milano, Italy (e-mail: dario.bertani@
rse-web.it).

Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/JPHOTOV.2019.2913342

tendency among systems operators, asset managers, PV plant
owners, and component manufacturers to keep available perfor-
mance data as confidential. Degradation trends can vary between
PV plants depending on 1) the role quality plays during the de-
sign, engineering, procurement, and construction phase, 2) the
quality of the monitoring system and logged data, and 3) the
climate of the selected site. Jordan et al. [1] discussed the im-
pact of climate on degradation rates, but their analysis failed in
finding a significant climatic difference, which instead is shown
in [2]. In all these analyses, the module manufacturer may vary,
and in the calculated degradation rates, the inclusion of a few
underperforming modules may significantly increase the prob-
ability of a lower system performance. In summary, from 1751
published studies for monocrystalline silicon (c-Si), the average
degradation rate was calculated at 0.7%/year and the median at
0.5%/year, with the majority of studies published before 2000,
whereas for 169 published studies for thin-film technologies the
average and median were higher, at 1.5%/year and 1%/year,
respectively, with the majority of studies published after 2000.
These results did not include initial degradation (minimum three
years of measurement data). Although the average for thin-films
was 1.5%/year, the rates were spread from 0.2 to 4.2%/year,
whereas for c-Si the rates were mainly concentrated around the
median. With respect to climatic effects on degradation rate, it
cannot be generalized that hotter climates necessarily lead to
higher degradation for all products. However, from this study, it
was obvious that climate and mounting configuration may lead
to higher degradation in some PV products compared with oth-
ers. In this paper, the analysis of the performance loss rate (PLR)
is reported for five geographical locations using only data com-
ing from PV plants with high-quality monitoring data available
and a well-defined track record of failures and issues found in
the field. At all sites, a database was kept to document the occur-
rence and duration of energy loss conditions for each monitored
PV system. The main PV system outage conditions throughout
the evaluation period included module, inverter, and balance of
equipment breakdown, Operation&Maintenance (O&M) sched-
uled outages, and utility loss. Immediate actions were taken to
mitigate all energy loss issues (replacement of modules, invert-
ers, and balance of system (BOS) equipment), whereas the data
acquired during the fault/outage period were filtered out from
the performance loss estimation. The availability of field infor-
mation allows for the exclusion of trends due to sudden compo-
nent failures or other issues not related with long-term material
degradation and hence to focus on the impact of climate on
the PLR.
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TABLE I
MONITORING PERIODS AT THE DIFFERENT SITES (YEARS)

II. EXPERIMENTAL SET-UP

Monitoring data were collected at five different geographical
locations managed by four different research institutions. Peri-
odic calibrations and inspections of the sensors installed were
performed to ensure good-quality measurements and reveal any
departures from the real measurements. In total, six PV mod-
ule types (same manufacturer/model) from five technologies
were chosen to be compared among the sites. The technolo-
gies analyzed are c-Si and multicrystalline silicon, heterojunc-
tion silicon (HIT), cadmium telluride (CdTe), and copper indium
selenide (CIS). Each of these are present in at least two different
sites. In Table I, the technologies and their availability are sum-
marized. The numbers in the table indicate the number of years
the plants were monitored, which is equal to the number of years
of operation of these modules at the time of submission. The
systems were all grid connected using identical inverter types at
each site in order to exclude the influence of different maximum
power point tracking methods to the dc yield. The nominal power
ratio (inverter PV array) of the inverter was slightly oversized
(110%) in order to avoid clipping.

The PV test sites are located in Italy: Bolzano (EURAC), Mi-
lano (RSE), Catania (RSE); Cyprus: Nicosia at the University
of Cyprus (UCY); and Australia: Alice Springs (Desert Knowl-
edge Australia Solar Center (DKASC), maintained by Ekistica).
In the following paragraphs, the different monitoring sites are
briefly described and summarized in Table II.

A. EURAC—Bolzano

The data analyzed in this paper were collected from the PV
outdoor test facility of Airport Bolzano Dolomiti (position ca.
46.46N, 11.33E, elevation: 262 m) located in South Tyrol, Italy
[3]. The facility is located at the junction of the three valleys: Val
d’Isarco, Val Sarentino, and Val d’Adige. In total, 26 PV arrays
from 1 to 7 kWp of different module types (technology, manufac-
turer, and design) are installed at a fixed tilt of 30◦ and an orienta-
tion of 8.5◦ west of south. All arrays are installed within 100 m of
the weather station and are exposed to similar horizon shading,
however due to self-shading of the rows, some modules experi-
ence local shading in December. Dc-side electrical parameters of
each array are measured every 15 min by commercial inverters
assuring a good level of accuracy in dc current (Idc) and dc volt-
age (Vdc), with an average difference from a dedicated system of
less than 5% and less than 2%, respectively, decreasing at higher
irradiance [4], [5]. The inverters are all from the same manufac-
turer (SMA) and errors due to different maximum power point
tracking are assumed to be comparable between the different
systems. Thus, the PLRs are deducible from the data collected
this way. A dedicated meteo station collects data of global hori-
zontal (Ghor), direct normal (Gdir), and diffuse (Gdir) irradiance
as well as global plane-of-the-array irradiance (GPOA). Further

wind speed (vwind) and direction (αwind) as well as ambient (Tamb)
and module (Tmod) temperatures are measured. The acquisition
frequency is 1 min, which is then averaged on a 15-min time
interval, to match the electrical data. The sensors are systemati-
cally cleaned and periodically calibrated in order to comply with
the standard IEC61724:1998 [6]. During the investigated time,
the pyranometers were calibrated three times (every two years).
The average sensitivity was 8.62 microV/W/m2 and st.dev
0.07 microV/W/m2 (0.81% relative). No clear deviation/trend
was observed in the sensitivity value (clear increase/decrease).
Electrical data have been recorded since August 2010, whereas
weather data are available from February 2011.

B. UCY Nicosia

The PV systems have been monitored since June 2006. Both
meteorological and PV system measurements are acquired and
stored using an advanced measurement platform. The platform
comprises of irradiance, weather, and electrical sensors, con-
nected to a central data-logging system that stores data at a
resolution of 1-s and accumulation steps of 15-min averages.
The meteorological measurements include GPOA, Tamb, vwind,
and αwind [7]. The PV operational data include the array Idc,
Vdc, Pdc, Pac, and Tmod. The secondary standard pyranometer
installed in the POA and used in this investigation for the ir-
radiance measurements had an initial calibration value that was
11.84 V/Wm2 and after four years the new calibration sensitivity
value was 11.86 V/Wm2, which effectively results in an absolute
percentage error of −0.17%. Periodic cleaning of the dome of
the pyranometer was further performed when the PV arrays were
cleaned too. The main sources of uncertainty in the outdoor PV
performance evaluations, due to the instrumentation were also
investigated. The global irradiance was measured using a ther-
mopile pyranometer in the spectral range of 310–2800 nm with
a 2% expected daily uncertainty. In practice, since the expected
daily uncertainty of the pyranometer is based on a particular
daily profile of irradiance, solar path, and ambient temperature
variations of a particular location, the application of the sensor
in other climatic conditions renders the uncertainty of the pyra-
nometer, a function of many variables such as directional errors
in zenith and azimuth directions, cosine response, temperature
sensitivity, and level of irradiance. For a secondary standard in-
strument, the expected maximum errors are ±2% for the daily
total error, described by the World Meteorological Organization,
because some response variations cancel out each other if the in-
tegration period is long. To further reduce the remaining errors,
the conversion of voltage to irradiance, obtained from the cali-
bration sheet of the instrument, is specified and can be important
as a bias. In addition, the response time of this pyranometer is
5 s (for 95% response), which is longer than the PV module
response time and the 1-s data-logging interval. This introduces
an additional uncertainty contribution in the measurements that
has not been considered in this investigation. Furthermore, the
pyranometer was also ventilated and heated, to avoid incorrect
measurements caused by dew and snow.

C. DKASC—Alice Springs Australia

The DKASC is a demonstration facility for commercialized
solar technologies operating in the arid solar conditions of
Alice Springs, Central Australia (23.7618◦ S, 133.8749◦ E).
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TABLE II
MONITORING DEVICES

More than 30 arrays and multiple module technologies are mon-
itored. Monitoring started in 2008, with technologies continuing
to be added. All systems discussed in this paper are connected
to identical SMA Sunny Mini Central 5-kW inverters, and the
PLRs are therefore comparable between the different systems.
Temperature and irradiance data are measured with a dedicated
weather station. Pyranometers are cleaned on a weekly basis
per manufacturer and industry best practices and regularly cal-
ibrated. Data are measured at 10-s intervals, with the averaged
5-min data stored on DKASC’s public-facing repository, and the
5-min averaged data is used in this paper. The modules discussed
in this paper are at a 20◦ tilt angle, due north. The arrays are sub-
ject to morning and/or evening shading from surrounding trees.

The plane of array irradiance GPOA was computed using ge-
ometrical reconstruction

Gdir =
Ghor −Gdif

sin(α)
(1)

GPOA = Gdir · cos(θ) +Gdif · 1
2
· (1 + cos(20◦)) (2)

+ ρ ·Ghor · 1
2
· (1 − cos(20◦)) (3)

where Gdir, Gdif, and Ghor are the direct, diffuse, and global hor-
izontal irradiance, respectively, and where α is the sun elevation
and θ the incidence angle of the irradiance on the POA. With the
introduction of a new POA pyranometer in 2015, it was possible
to find a more accurate value for the ground albedo ρ and the
computed values for GPOA were calibrated with the measured
data.

For the Pac, 5-min average values are used. Over a 5-min
period, 1 s readings are averaged . This is measured with a Class
0.2 m with ±0.2% accuracy (Ion 7550, CT: 5/100). To be able to
compare these values, several months ofPdc data were monitored
and compared with the Pac data. From this, it was possible to
recover the Pdc for the complete time series.

D. RSE—Milano and Catania

RSE operational data analyzed in this paper have been ac-
quired in two different test facilities, located in northern and
southern Italy, respectively. The first one is located in RSE main
headquarters in Milan (Italy; 45◦ 27’N - 9◦ 11’E; 127 m a.s.l.)
and its climate is classified as Cfa (Humid subtropical climate)
according to Koppen classification. The southern facility is lo-
cated in Catania (37◦ 30’N - 15◦ 05’E; 7 m a.s.l.), hosted by Enel

Green Power’s Innovation Hub, and its climate is classified as
Csa (Hot-summer Mediterranean climate). Each facility is com-
posed of eight experimental PV plants, with an average nomi-
nal power of 1.5 kWp, with different PV technologies (Si-poly,
Si-mono, CdTe, CIS, amorphous silicon, etc.) and with invert-
ers of the same manufacturer (SMA). For each PV technology,
modules of both plants have the same manufacturer, model, and
production batch. They have been operational since 2009 and
are installed with fixed inclination/orientation (30◦, south) on
ground-mounted structures. Operational monitoring is carried
out through a dedicated monitoring system, which consists of
a network of remote measurement units installed at PV sys-
tems, with independent units for meteorological measurements
(horizontal and plane-of-array solar radiation and ambient and
back-of-the-module temperatures) and electrical measurements.
The latter are performed with accuracy below 1% (Idc, Pdc, and
Pac). Solar radiation measurements are acquired through peri-
odically calibrated Silicon reference cells (2% measurement un-
certainty+1% on the reading), while temperatures are measured
by a negative temperature coefficient (NTC) thermistor (accu-
racy ±1 ◦C). Each measurement is acquired every 10-s and then
resampled as 15-min averages, data are then sent through a wire-
less connection to a central database where they are stored.

E. Climatic Condition at the Different Sites

The monitored PV arrays are degrading under different cli-
matic conditions. The climatic conditions are classified ac-
cording to the updated Köppen–Geiger classification [8]. The
climatic conditions at the five different sites belong to arid and
temperate zones. Including subclassifications, such as steppe and
desert in arid zones in Cyprus and Alice Springs, and warm, hot,
and dry summers in the temperate zones for the Italian sites, the
five sites are located in five different climatic conditions. More
detailed climatic information can be found in Table III.

III. COMPUTATION OF THE PLR

Before commencing to the PLR analysis, data quality routines
(DQRs) were applied to the acquired data to ensure data valid-
ity for the subsequent PLR evaluation. Thus, the recorded data
were thoroughly checked for consistency and gaps before any
additional analysis was conducted. In particular, the developed
DQRs run algorithms for detecting missing and erroneous data
and operate filters to identify outliers and outages and remove
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TABLE III
CLIMATIC INFORMATION ABOUT THE DIFFERENT TEST SITES

the identified out of range and erroneous values and reconstruct
the data set.

The PLR is computed using the monthly performance ratio
(PR). The PR PRmonth,AC over a specified period is defined in
the IEC 61724:1 standard [6] as the ratio of the final yield Yf

(i.e., the generated ac-energy per kW of installed PV array) and
the reference yield Yr (i.e., the ratio of POA irradiance and irra-
diance at STC conditions) over that period. The different yields
are defined as

Yf =
∑

month

PAC(t)

Pn
, Yr=

∑

month

GPOA(t)

Gref
, Ya=

∑

month

PDC(t)

Pn

(4)
where Ya is the array yield, i.e., the generated dc-energy per kW
of installed PV array. For the purposes of this paper, only the
dc-energy is used in place of ac-energy, thus leading to a slightly
modified version of the PR

PRmonth,DC =
Ya

Yr
. (5)

This definition makes sure that only effects of the PV arrays
are taken into account. In the above-mentioned definition of
PRmonth,AC, as defined in [6], effects due to possible inverter
degradation influence the results, hence the usage of (5).

The PLR is computed using the time series decomposition
method as described in [9]. The original PRmonthly time series is
split into three parts

PRmonthly(t) = Tt + St +Rt (6)

where T describes the long-term trend of the time series, S the
seasonality, and R the remainder. For the classical additive se-
ries decomposition, the trend Tt is found using a symmetrical
12-month moving average. The seasonality and the remainder
are found following [10]. Because of the usage of the moving
average to find the trend, the time series misses 6 months in the
beginning and the end of the time series, leaving the trend series
12 months shorter than the original series. There are methods
to overcome this disadvantage [e.g., autoregressive integrated
moving average (ARIMA) and the seasonal-trend decomposi-
tion using local regression (STL)]. Phinikarides et al. [11] used
ARIMA and STL to find an estimation of the trend also for the
first and last 6 months of the time series. In this paper, only
the STL method [12] is considered. The STL method uses vari-
ous loops of local regression using locally weighted scatter-plot
smoothing, for details see [10] and [12].

A linear fit is used on the trend Tt to define the performance
loss estimation for both time series decompositions

Tt = a · t+ b. (7)

The relative PLR is estimated according to

PLRrel =
12a
b

(8)

from the fitting parameters, with the uncertainty of

uPLRrel =

√(
12
b

)2

· u2
a +

(
12a
b2

)2

· u2
b (9)

where the uncertainties of the fitting constants (ua/b) are taken
from the curve fitting toolbox of MATLAB [13]. The STL de-
compositions were performed using the time series package [14]
of the software R [15]. Note that the definition of the PLR in (8)
is the relative PLR as it takes into account the starting value of
the PR (PR0 = b). Alternatively, it is possible to define the PLR
absolutely as

PLRabs = 12a (10)

with the same parameters as above. Here, the errors are simply
computed via

uPLRabs = 12 · ua. (11)

In the literature, examples for the usage of both definitions
exist. Kyprianou et al. [16] derived the degradation only from
the trend’s slope, thus using the absolute definition of the perfor-
mance loss. The relative definition is used by, e.g., Ingenhoven
et al. [9] and Belluardo et al. [17]. Many publications such as
[1] do not define how the degradation rates are computed and
collect data from various sources without going into detail on
this topic. Thus, the authors would like to stress the importance
of a clear definition of the PLR and the need for its standard-
ization, as the two quantities can vary substantially. Results for
both options are reported in Table IV.

IV. RESULTS

In the following section, the PLR results of the different tech-
nologies are discussed. Fig. 1 shows an overview of the relative
PLR values for all investigated technologies. The PLR values of
all technologies for both absolute and relative PLRs are given
in Table IV. In the detailed discussion of the results, only the
relative PLR is used.

A. Cadmium Telluride

For CdTe, a high PLR was observed in all installations but
one over the evaluation period. All but one installation show very
large relative performance losses, on average−1.92% /year. The
installation in Australia shows a much lower PLR of about−1%.
Data were collected for only four years there. This extraordinary
result might be explained as being due to the shorter monitoring
time rendering the data as not fully comparable [18]. However,
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TABLE IV
COMPARISON OF ABSOLUTE AND RELATIVE PLR VALUES

Uncertainty are calculated from the fitting procedures [%/year].

Fig. 1. Relative PLR values for all technologies and sites. For clarity only
relative PLR values are shown in this figure. To find the absolute values see
Table IV.

comparing this result with earlier results from the test site at
EURAC [17] where the performance was analyzed over three
years and showed −1.4% loss/year, this may indicate that there
is a step wise degradation of CdTe modules. The analysis of
changing PLR over time will be performed in a future study.

B. Monocrystalline Silicon

For c-Si, the average relative performance loss is
−1.15%/year. For most installations, the loss rate is lower than
that (from −0.63 to −0.95%/year). Only the installation from
RSE in Milan shows—with a relative PLR of −2.21%/year—
a unusually high PLR. To better understand this result, an I–V
analysis (corrected to standard test conditions) of the string in
question was performed that showed an average power decline
of −2.3%/year (from 1200 to 1036 W in six years). The fill fac-
tor dropped from 79.9% to 73.8% in the same time. The current
declined from 5.87 to 5.58 A, whereas the voltage stayed almost
the same (256.0 to 251.6 V). The decline in power is mainly
manifested in the decline in current and fill factor. However,
thermo-graphic imaging of the string in questions did not reveal
evident defect/degradation phenomena.

C. Copper Indium Selenide

The CIS technology of the manufacturer of these specific
modules performs very badly with an average relative PLR of
−2.91%/year. Loss rates as large as −4.73%/year were mea-
sured at EURAC, whereas the installation in Catania only loses
a moderately large −1.37%/year. The CIS technology shows
a large initial degradation and a large influence of metastable
effects [19], which can explain the large performance loss to
some extent. The very large performance loss at EURAC might

be caused by partial shading present during the morning and
evening hours in winter in the mountainous environment. Re-
verse stress caused by partial shading causes metastability in
CIS modules [20]–[22], which might be the reason for the high
degradation at EURAC. The manufacturer of these modules has
since left the PV industry.

D. Heterojunction

The relative performance loss of the HIT technology is
−1.19%/year, however two distinct groups can be identified.
EURAC, UCY, and RSE Catania perform well with a PLR
around −1%/year whereas DKASC and RSE Milan show con-
siderably larger losses at about −1.67%/year. At these installa-
tion, the HIT modules show significant encapsulant browning,
which is not present in the other installations.

E. Multicrystalline Silicon

The m-Si technologies show a low PLR however with a wide
range. The average relative PLR is −0.91 and −0.98%/year for
the two different module types monitored. For m-Si1, the dif-
ference between the values varies from −0.6 to −1.23%/year,
which is a very large relative difference. However, as there were
data from only two sites for the respective technologies, it is
difficult to compare these. The picture in the second technology
is much more uniform.

As mentioned in Section III, there are two ways of defining
the performance loss as shown in Table IV. The difference in
the definition is weighting with the initial PR value. It can be
seen that for technologies with a high initial PR values, the dif-
ference between the two values is small. This is the case for all
silicon-based technologies and CdTe. The factor between abso-
lute and relative PLR is from 0.9 to 0.93 on average. This factor
depends on the y-intercept of the regression of the PR. For the
CIS technology, the difference is higher and the factor is 0.75
on average. As long as the exact definition is given, both defi-
nitions are valid indicators for the performance loss. However,
the relative PLR enables the estimation of other performance
parameters such as the yield as only the initial yield needs to be
known for an approximate estimation of future yields.

F. Results in Literature

In the literature, there are few publications related with the di-
rect comparison of the effect of different climates. A study of per-
formance degradation in India [23] shows that a slight difference
exists in the degradation rates for different climates. According
to the study, the degradation rates are higher in hot climates than
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in cooler climates. However, the difference is small and the error
bars are overlapping. Further investigation is needed.

Two studies analyzed the climatic effect on the degradation
rates with similar findings. A study [24] in which three example
climates (Mediterranean, hot and humid, and hot and dry) were
modeled found that after 30 years in all investigated zones, the
overall degradation did not differ in values. Differences showed
up after a longer period. This could be explained with the acti-
vation energy that is necessary for a degradation mode to occur
depending on the cumulative stress factor characterizing a spe-
cific site. This is confirmed by a study [25] in which the degra-
dation rates were modeled in two benchmark climates (humid
and tropical and hot and dry). Again the computed rates are very
similar.

V. CONCLUSION

The PLR for different technologies was calculated in different
climates. The outliers were discussed and where possible an
explanation for their behavior was given. After removing the
outliers, for technologies which are not affected by metastability,
no difference was observed that could be directly linked to the
climate when comparing the PLRs values and accounting for the
related uncertainties. Nevertheless more comparative studies in
different climate zones are needed. Furthermore, the average
PLR for each technology was computed. These rates can be
seen as representative for the module type in question.

As a conclusion from these findings, it can be assumed that re-
sults from a single plant, e.g., [9] or [11], can be generalized due
to so far minimal differences because of the climate. It is possi-
ble that in a later date, the difference will grow as the activation
energy for different degradation modes will be reached at a dif-
ferent point in time because of the different stress factors. In this
study, technologies were selected that were present at different
sites. At all sites, the data and monitoring systems were managed
carefully and thus a high quality of these results is expected. In
this paper, the data were selected by detailed knowledge of the
plant and monitoring system maintenance. Additional work on
data of lower quality based on statistics will be performed. Then,
failures are intrinsically included in PLR giving rise to the need
for statistical filtering methods. These filtering methods need to
distinguish between monitoring problems and actual PLR rate
values.

In future work, the authors are planning to analyze some of the
stress factors, which have an impact on the creation of defects.
These include total amount of irradiance, average temperature,
and UV exposure.
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