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Abstract— This paper presents the Acceptance Ratio (AR) analysis for three different grid-connected photovoltaic (GCPV) systems
working under the Malaysia tropical climate. AR is a ratio between actual AC power, PAc acwa, and predicted AC power, Pac predictea-
According to Malaysian Standard MS2692:2020, the AR value must > 0.9 to classify as accepted in testing and commissioning test. In
contrast, a rate < 0.9 indicates a non-accepted GCPV system. Historical data of the AC power output, solar irradiance, and module
temperature from January 1 to December 31, 2019, were used for the analysis. The analysis procedure was carried out using Matlab
and Microsoft Excel software. The analysis covers the AC power analysis and the AR analysis based on the threshold of 0.9. The plotted
monthly AC power graph shows that all systems have lower than 15 % differences between actual and predicted AC power. On the AR
analysis, System 1 was found to show early fault indicator with a monthly cumulative percentage of AR < 0.9 ranges from 34 % to 71
%, meanwhile System 2 and System 3 have a lower cumulative percentage of AR < 0.9 ranges from 5 % to 19 %. This result suggested
that only System 2 and 3 are fault-free GCPV systems and working in good condition. The outcome of this study has succeeded in
providing preliminary AR analysis results for three GCPV systems located in Malaysia. This study would help to evaluate AR threshold
reliability to indicate an early fault of a GCPV system.
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on the operation of PV systems. There is also research carried
I. INTRODUCTION out on partial shading [12] and module pollution [13] on the
performance of PV systems. Examples of faulty modules are
browning and yellowing, cracks in cells, bubbles in the solar
module, hot spots effect by the panel acting as loads, and the

The depletion of fossil fuels has drawn attention towards
renewable energy sources such as solar photovoltaic (PV)
where the sunlight is directly converted into electricity [1], [2]. . ) ; : .
PV system cangbe categ orizy ed into three types; nalegf ler d! de.fects in the anti-reflective coating [14], [15]. Aglng effef:ts
connected  photovoltaic (GCPV) system, stand-alone mlght be dpe to external factors such as overlaying du;t, dirt,
photovoltaic (SAPV) system, and hybrid PV system [3]-[4]. bird dropplngs, sprroupdmg vegetation or fence, shading, or
However, over the years, the installed PV system’s strong winds, Whlc,h mlght affect th?‘ modules [16].
performance might be reduced due to various losses at the Faults must be identified to aVOl.d energy losses and fire
system [5], [6]. In addition, some of the factors are due to hazards, which would prolong the lifetime of the PV sys.t em
faults or abnormalities present in operation [7]. and .hence can reduce the malntenance. cost [‘.‘]' Yarlous

Numerous factors influenced the PV systems’ performance, studies were conducted on fault detectlop Whlc,h 1n(j'1ude
such as design errors, faulty PV modules, aging, faulty thermal infrared me.thod [17]., [18], artificial intelligent
assembly of the PV systems, hot spots on PV modules, PV technique [19], [20]., time-domain reflectometry method [21],
module pollution, PV module partial shading, ambient [22], and mathematical model approach [23]’, [24]. There was
temperature, changes in sunlight conditions, and many more. also res?arch on the gnalySIS of PV string failure and the P,V
Many research studies have analyzed the effects of systems’ hqalth mon1t0r1ng[1.3], [25]. To date, there is still
temperature [8], [9] and other environmental factors [10], [11] less scientific research using the mathematical model
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approach on the fault detection of PV systems [26]. Hence,
this research has the potential to highlight the studies on
analyzing PV systems analytically.

In Malaysia, it is commonly seen that studies on fault
detections are based on the mathematical model approach
includes power output analysis. This power analysis
compared actual AC power and predicted AC power, leading
to the Acceptance Ratio (AR) value as a specific threshold
value [7]. However, AR analysis in Malaysia has not been
widely studied in reporting early fault detection [7].

Acceptance Ratio (AR) is also known as the indicator of
PV systems output power. This indicator is significant to
indicate the condition of the PV systems. In Malaysia, the
Sustainable Energy Development Authority (SEDA) has
declared that the guidelines procedure for the Testing and
Commissioning of Grid-Connected Photovoltaic Systems
acceptable value for AR is greater than or equal to 0.9 [27].
Thus, this paper aims to evaluate the reliability of 0.9 as the
AR threshold for indicating the early fault of a GCPV system
in Malaysia. An AR analysis was conducted on several real
operating GCPV systems in Malaysia to achieve the aim.

II. MATERIAL AND METHOD

A. System Description

There are three GCPV systems involved in this study. Two
sites are located in Negeri Sembilan (2.5905° N, 102.0930° E
and 2.7259° N, 101.9378° E) and another site situated in
Terengganu (5.2077° N, 103.2049° E). It is best to note that
all the sites are situated on the East side of Malaysia.

All systems at the sites stated use polycrystalline modules
installed on the rooftop with an inclination angle of 30° and
PV array power of 10 kW,,. The details of the selected systems
are described in Table I.

TABLEI
PV MODULE AND INVERTER DESCRIPTION

Description System 1 System 2 System 3
Location Negeri Negeri Terengganu

Sembilan  Sembilan
Type of PV PT-P660250W
module
Maximum Peak
Power (W) 250w
Module
Efficiency (%) 15.37
Type of Inverter BLUEPLANET 9.0 TL3
Maximum
Efficiency (%) 98.30

The weather monitoring station and inverter were
connected to the data loggers that record AC power output,
solar irradiance, cell temperature or module temperature,
ambient temperature, and wind speed. Each data was recorded
in every 5 minutes interval per day. In addition, the historical
data of AC power output, solar irradiance, and module
temperature covering from January 1-December 31, 2019,
were extracted for further analysis.

B. AC power analysis (Pac_acual and P4c predicied)

This section presents the analysis between actual and
predicted AC power. A flow chart of AC power analysis is
presented in Fig. 1 below:
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Fig. 1 A flowchart for AC power analysis

Based on Fig. 1, the actual AC power was extracted from
the data logger; meanwhile, predicted AC power was
calculated using the mathematical model. The mathematical
model for predicted AC power (Pc pregicrea) 18 a8 expressed

by [28]-[29]:
(1)

Where P, s7¢ 1S the power of PV module at Standard Test

Condition, STC (Wp), Nrpy.q is the total number of PV
modules and £, is the derating factor. The £, is expressed
by [29]:

R‘lQpredicted: modSTC X NTotale;Ier

Xf.;lge Xf;lirtxncab XN iny

The mathematical sequential steps are shown as below:

f;Ier = @Xﬁemp Xfmm

)

Step 1: Determine peak sun factor, f

G

fg = 1000

€)

Dividing solar irradiance at the instant time, G (Wm?) with
solar irradiance at STC obtained the peak sun factor.
Step 2: Determine the derating factor due to temperature,

ftemp .

fremp = 1+ [(2222) (7;,, — 25)]

100

(4)

Where Y pmp is the temperature coefficient of power (%/°C)

and T, is the temperature of PV module.



Step 3: Determination of remaining derating factors as
tabulated in Table II:

TABLE I
DETERMINATION OF REMAINING DERATING FACTORS
Parameters References
Module mismatch, f Module datasheet
Aging factor, f Module datasheet & Age of PV
age
system
Dirt factor, f, . 0.97 [30]
The efficiency of cable, 7., 0.97 [30]
The efficiency of the inverter, Inverter datasheet

Niny

Monthly graphs of Pac actual and Pac predicted Were plotted
and analyzed. Based on the graph, Pac predictea must lie within
Pac actual to show that the system is in good condition. On the
other hand, if Pac predicted and Pac_actual are not aligned, and the
percentage difference between the two gradients of Pac predicted
and Pac _acwal 1s high, the system is considered as showing an
early fault symptom [7].

These graphs were then analyzed by determining the
trendline equation, Pearson correlation coefficient (R?), and
gradient difference. This analysis was the preceding step
before determining the AR threshold, as discussed in the
following section (Section C).

C. Acceptance Ratio Analysis

This section presents the AR analysis flow chart as shown
in Fig. 2. The AR was calculated based on the ratio of Pac_actual
and Pac predicted- After determining the AR values, monthly
graphs of AR as a function of irradiance were plotted. First,
the AR threshold of 0.9 was identified in each monthly graph.
Next, the monthly cumulative percentage of AR wvalues
greater than or equal to 0.9 and less than 0.9 were calculated,
respectively. The AR monthly cumulative percentage based
on three GCPV system’s AR thresholds was presented in a
bar chart for comparison.

Calculation of Acceptance Ratio (AR)
P
AR = AC_actual
PAC,predicted

!

AR vs. Irradiance
graphs plotted

Determination of AR

I

!

Monthly cumulative
percentage AR>0.9
calculated

!

Monthly cumulative
percentage AR<0.9
calculated

Cumulative percentage
AR20.9 vs. Months
plotted

Cumulative percentage
AR<0.9 vs. Months
plotted

Fig. 2 A flowchart of AR analysis
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II1. RESULT AND DISCUSSION

The result and analysis are divided into two sections: AC
power analysis and AR threshold. All analysis was carried out
using MATLAB software and Microsoft Excel.

A. AC Power Graphs

For this study, the actual AC power output data for three
selected GCPV systems were based on the data obtained in
2019. The data used were recorded every 5 minutes. These
data were then analyzed using MATLAB software. Fig. 3
until Fig. 38 shows the actual (red color) plot and predicted
(blue color) AC power of each system.

1) AC power graphs for System 1:
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Fig. 4 AC power output versus solar irradiance in February 2019
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Fig. 5 AC power output versus solar irradiance in March 2019
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Fig. 6 AC power output versus solar irradiance in April 2019
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Fig. 7 AC power output versus solar irradiance in May 2019
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Fig. 9 AC power output versus solar irradiance in July 2019
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Fig. 10 AC power output versus solar irradiance in August 2019
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Fig. 11 AC power output versus solar irradiance in September 2019
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Fig. 12 AC power output versus solar irradiance in October 2019
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Fig. 14 AC power output versus solar irradiance in December 2019

Based on Fig. 3 until Fig. 14, System 1 shows interesting
behavior. Notably, actual AC power’s value starts to deviate
from the prediction when the irradiance reached about 80
Wm2, The irradiance of 80 Wm™ was identified as Thermal
Equilibrium Point (TEP) between the PV module temperature
and ambient temperature in a PV module temperature
modeling study in Shah Alam, Malaysia [31]. After TEP, the
main factor that affecting the PV module temperature is
mainly solar irradiance [31]. Due to this reason, the deviation
after 80 Wm™ was suspected due to the variation of solar
irradiance that was highly affecting the PV module
temperature, and consequently, the AC power output of the
PV system. Another possible suggestion is that the PV array
with dual-orientation and solar irradiance sensor placement
may result in the deviation behavior. The solar irradiance
sensor was placed at only one side of the PV array orientations
for the systems with dual orientation. Thus, it reflects the
different paths of the actual AC power trend line compared to
the predicted AC power trend line. The actual AC power data
plot above the trend line is suspected originated from power
output before solar noon, and the actual AC power data plot
below the trend line is suspected originated from the power
output after solar noon.

For System 2 (refer to Fig. 15 until Fig. 26), it can be
observed that the actual AC power is aligned with predicted
AC power as irradiance increases for the whole year.
However, in May and September 2019, some of the AC power
values were recorded as zero. It is suggested that there is a
technical problem in the system that affects the inverter.
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Fig. 15 AC power output versus solar irradiance in January 2019
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Fig. 17 AC power output versus solar irradiance in March 2019
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Fig. 23 AC power output versus solar irradiance in September 2019
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Fig. 26 AC power output versus solar irradiance in December 2019

2) AC power graphs for System 2

Finally, for System 3 (refer to Fig. 27 until Fig. 38), the
actual AC power graphs are quite aligned, but some of the
Pac actual Were observed to fluctuate from low and high
irradiance prediction. This might be due to the Pac acual data
recorded inside the cloud server storing not synchronized with
the actual measurement generated by the inverter [24].

3) AC power graphs for System 3
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Fig. 29 AC power output versus solar irradiance in March 2019
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Fig. 30 AC power output versus solar irradiance in April 2019
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Fig. 31 AC power output versus solar irradiance in May 2019
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Fig. 32 AC power output versus solar irradiance in June 2019
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Fig. 33 AC power output versus solar irradiance in July 2019
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Fig. 34 AC power output versus solar irradiance in August 2019
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Fig. 35 AC power output versus solar irradiance in September 2019
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Fig. 36 AC power output versus solar irradiance in October 2019
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Fig. 37 AC power output versus solar irradiance in November 2019
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Fig. 38 AC power output versus solar irradiance in December 2019

Percentage difference of gradient between Pac actua and
Pac predicted (€ach month in the Year 2019) were calculated for
Systems 1, 2, and 3. The results were tabulated as in Table III.

TABLE III
PERCENTAGE DIFFERENCE OF AC POWER GRAPH GRADIENT FOR
ALL SYSTEMS

Percentage Difference of Gradient (%)
Months System 1 System 2 System 3
Jan 5.84 1.57 5.14
Feb 12.23 0.56 3.13
Mar 7.64 3.68 3.13
Apr 3.61 6.82 4.61
May 6.11 8.21 422
Jun 7.55 9.13 3.64
Jul 9.14 9.18 0.12
Aug 8.24 7.41 0.87
Sep 5.73 2.04 1.94
Oct 2.87 3.79 1.76
Nov 11.33 0.65 343
Dec 14.33 3.93 3.70
Average 7.89 4.75 2.98

The average percentage difference of gradient (based on
Table III) indicates that System 1 showed the highest
percentage difference of 7.89 % compared to System 2 and 3,
4.75 % and 2.98 %, respectively. Furthermore, System 1
exhibited the highest monthly percentage difference of
14.33 %. These results suggest that System 2 and 3 are
possibly working in good condition. Nevertheless, further
investigation needs to be performed for System 1 to evaluate
whether it works in good condition or vice versa.

B. AR threshold

The AR values calculated for 2019 were plotted. The
‘dashed line’ in blue color represents the AR threshold of 0.9
(as being standardized by SEDA) in the acceptance test, and
the commissioning procedures of the GCPV system was
included in the graph as a reference. Fig. 39, 40, and 41 shows
the plot of AR analysis of the sites in March 2019. The month
of March is chosen because it is the month that experiences
the Equinox phenomenon in Malaysia, and solar irradiation is
expected to be higher than the rest of the months.

Fig. 39 that represents System 1 shows that AR values
scatter between zero to 1.6. The apparent scattering is
observed when the irradiance is less than 400 Wm?.
Nevertheless, Fig. 40, which represents System 2, shows the
high AR values concentration > 0.9. A similar behavior was
also observed in System 3 (represented by Fig. 41).
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Fig. 39 Acceptance Ratio versus solar irradiance for System 1

Comparatively, System 1 shows different behavior in the
AR plot compared to System 2 and 3. Since the AR values
were deduced from the AC power analysis, it is suggested that
the different behavior in System 1 may occur due to the dual-
orientation and the solar irradiation sensor placement. Based
on these results, it is suggested that further investigation of the
early fault symptoms for a dual-orientation system must be
conducted to understand the system itself.
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Fig. 40 Acceptance Ratio versus solar irradiance for System 2
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Fig. 41 Acceptance Ratio versus solar irradiance for System 3

Fig. 42 represents the analysis of monthly cumulative
percentages AR > 0.9 and AR < 0.9. The blue color represents

the monthly percentages AR > 0.9 while the red color
represents the monthly percentages of AR <0.9.

System 1 shows the monthly cumulative percentage of
AR < 0.9 ranges from 34 % to 71 %, with an average
percentage of 51 %. However, five months (i.e., February,
March, April, May, and June) recorded approximately 70 %
of cumulative percentage of AR < 0.9.

System 2 and 3 show the percentages of AR< 0.9 range
from 5 % to 19 %, with an average percentage of 11 %, which
much lower than System 1. However, the maximum
percentage of 19 % is in good agreement with the findings
found in a study conducted in Shah Alam, Malaysia, for a
5.405 kWp GCPV.

System. The study reported that the cumulative percentage
of AR < 0.9 must not exceed 31 % to be classified as a fault-
free GCPV system [7]. Thus, it can be concluded that System
2 and 3 under investigation are fault-free GCPV systems
where their AR percentages are less than 31 %.
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Fig. 42 AR percentages versus months for all selected GCPV systems in 2019

IV. CONCLUSION

Three GCPV systems located in Malaysia have been
investigated based on the AR threshold for early fault
detection. From the AR analysis for the whole year of 2019,
System 1 was found to have a higher monthly cumulative
percentage of AR < 0.9 from 34 % to 71 %, with five months
recorded approximately 70 %. On the other hand, System 2
and 3 have a much lower cumulative percentage of AR <0.9,
5 % to 19 %. These results supported the indication of early
fault for System 1. However, further investigation needs to be
conducted for System 1 to determine whether differences in
PV array orientation and the sensor placement at only one side
of the orientation significantly contribute to a higher monthly
cumulative percentage of AR < 0.9. Besides, more case
studies should be conducted, including faulty GCPV systems,
to evaluate the AR threshold value’s reliability to differentiate
between faulty and fault-free GCPV systems.
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