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Abstract This research paper delves into the simulation of
the power generation analysis of a 5 MWp solar photovoltaic
(PV) plant using the design and simulation tool named PVs-
yst. It then proceeds to contrast the performance projected
by the simulation with the real generation of an installed PV
plant of the same capacity. The analysis encompasses a com-
parison between the genuine and simulated outcomes, under-
scoring the dependability and appropriateness of PVsyst.
Moreover, the study evaluates key performance indicators
according to the standard IEC 61724. The outcomes of the
study reveal a strong connection between the projected and
real system yields, which underscores the reliability of PVs-
yst in emulating PV system performance. Furthermore, the
found that real system’s PV module, inverter and system effi-
ciency was 11.27%, 97.49% and 11.27% respectively. PVsyst
estimates a higher system efficiency as 11.39% than real sys-
tem. While the actual system exhibited a performance ratio
of 81.02% and a capacity utilization factor of 16.05%, the
simulated system showed corresponding values of 80.42%
for the performance ratio and 16.54% for the capacity utili-
zation factor. These results underscore the potential of PVs-
yst as a dependable instrument for evaluating and refining
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rooftop solar PV systems, offering valuable insights for
informed decision-making in the realm of solar energy.
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1 Introduction

The development of non-conventional power resources has
emerged as an effective way to protect our planet in light of
the rapidly changing global energy landscape, which is char-
acterized by dwindling conventional fossil fuel resources
and a continuous rise in greenhouse gas emissions. The
momentum behind renewable energy adoption is grow-
ing incessantly as a means to cater to escalating electricity
demands while concurrently curbing the carbon footprint
[1]. Photovoltaic (PV) energy is a constantly available,
renewable source of electricity. Currently, the integration
of solar energy is a focal point of research due to its unpre-
dictable and sporadic nature [2]. The primary hurdle faced
by photovoltaic generation systems pertains to the variability
in weather conditions and the seamless integration with the
grid. Also shading, whether it is full or partial diminishes
solar PV system output, reducing energy production and effi-
ciency, potentially causing cell damage and affecting overall
performance.

In this pursuit, the Indian Ministry responsible for the
promotion of Renewable Energy has significantly elevated
its target to achieve 500 GW of renewable energy capac-
ity by 2030, thereby fostering clean electrification in India
[3]. To realize this objective, Ministry of Renewable Energy
(MNRE) has spearheaded a range of strategic initiatives
and programs. Notably, the capacity of solar installations
on Andaman and Nicobar as well as Lakshadweep Islands
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was elevated from 40 to 50 MW on April 05, 2016, cou-
pled with a Central Financial Assistance (CFA) totaling
Rs. 192.20 crores [4]. This deliberate emphasis on solar PV
energy is predominantly aimed at substituting coal-based
energy generation and effecting substantial reductions in
CO, emissions.

Numerous studies have showcased the efficacy of PVsyst
in accurately modeling solar energy production. Researchers
have utilized PVsyst tool to analyze the solar PV systems
production across diverse geographical locations, spanning
varying solar irradiance levels and climatic conditions [5].
By incorporating meteorological data, PVsyst effectively
replicates real-world solar panel behavior, accounting for
intricate variables such as shading effects, temperature influ-
ences, and module degradation. Gusa. S. Bentouba et al [6].
He employed real operational data from the Adrar power
plant situated in southern Algeria to assess the efficiency
of solar PV power facilities in a hot climate zone. They
showcased their simulation model to contrast the results
of two simulation software tools, namely Homer Pro and
RETScreen Expert. They suggested that for hot climatic
regions thin film technology was preferable. Through the
use of various simulation software such as RET Screen,
PVSyst, and NREL SAM, Markam et al. [7] investigated
the optimal slope for PV modules at six distinct locations
across India to enhance its yield. Their analysis revealed that
the average solar energy received at each location exceeded
5 kWh/m?*/day, ranging from 5 to 6.5 kWh/m?/day. Ramanan
et al. [7] primarily cantered their research on evaluating the
performance of two rooftop grid-connected PV systems uti-
lizing p-Si and CIS technologies, which were deployed in
the climate of Tamil Nadu, India [8]. The PVsyst software
tool was used to run the simulation for both the seasons
winter and summer. The authors came to the conclusion that
both PV technologies experience their highest losses dur-
ing the summer. Nevertheless, it has been found that the
performance ratio (PR) for both PV array technologies is
slightly elevated during the winter compared to the sum-
mer period. During the winter season, the respective peak
PR values are 85.19% and 93.11%. Another study forecasts
performance and degradation of a 200-kW crystalline PV
system at Chandigarh, India, using PVsyst simulation tool.
Predicted energy generation is 292,954 kWh annually with
CF, PR, and energy losses of 16.72%, 77.27%, and -26.5%
respectively [9]. A study performed by Shivakumar and Sud-
hakar., (2017) on a 10 MW Ramagundam solar power plant
performance, validated against PVsyst and PV-GIS, yields
1.96 to 5.07 h per day, an 86.12% annual performance ratio,
a 17.68% capacity utilization factor, and an annual energy
generation of 15,798.192 MW h [10]. This study assesses a
3 MW solar farm in Northern India, using real-time SCADA
data for performance analysis, covering 2018. Key metrics
include Performance Ratio (PR), Capacity Factor (CF), and
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energy loss, with PR at 80%, CF at 16.35%, and energy loss
at 19.42%. Ambient temperature significantly influences PV
performance in this region. PVSYST simulation aligns with
actual results, offering guidance for solar PV applications
in similar climates [11]. In their 2017 study, N. M. Kumar
and colleagues undertook a comprehensive assessment to
ascertain the feasibility of a 100 kWp photovoltaic (PV) sys-
tem. Their findings indicated that this PV system generated
an annual output of 165.38 MWh, with 161.6 MWh being
injected into the grid. The system exhibited an impressive
annual performance ratio of approximately 80%, while the
normalized production of inverter output, equivalent to the
final system yield or useful energy, amounted to 4.42 kWh/
kWp/day [12].

The recommendation of solar energy technology for pro-
ducing electricity is being strengthened by data from Bagqir
and Channi (2022) [13]. The researchers employed the
PVsyst software, yielding results such as 1266 MWh/yr of
energy production and a performance ratio of 0.797 within
a power factor range of 0.7-0.9. This paper showcases a
simulation conducted on a 700KWp grid-connected solar
power system situated in Afghanistan’s Daikundi Province,
and all outcomes have been thoroughly assessed. Shrivastava
et al. (2021) [14] evaluated the performance of a p-si Solar
Photovoltaic (SPV) plant with a capacity of 20.0 kW using
PVsyst software, which was utilized to construct a grid-
interactive PV plant. Drawing from the simulation results,
it becomes feasible to determine the appropriate solar panel
size, inverter type, and necessary load. The geographical
location of the site has a big influence on the sizing pro-
cedure. The performance, losses, and precise setup of the
system are represented in diagrams.

This study entails a simulation-driven evaluation of the
operational efficiency of a 5 MW grid-attached SPV plant
connected to the grid on the Andaman and Nicobar Islands,
India. We employ the PVsyst simulation tool for this assess-
ment and subsequently contrast it with actual operational
performance. Our analysis encompasses a year-long evalu-
ation of the system’s functioning. Additionally, this research
offers insights into the viability of expansive solar energy
initiatives. By striving for optimum efficiency and environ-
mental sustainability, our findings accentuate the pivotal role
of accurate simulation-based assessments in guiding large-
scale solar energy projects.

2 Site and system description

In 2013, National Thermal Power Corporation (NTPC)
successfully inaugurated and put into operation a 5S-MWp
PV solar power facility in the hilly terrain of Garacharma,
situated within A&N Port Blair. This geographical location
is marked by coordinates 11.61° N latitude and 92.71° E
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longitude. Functioning as a grid injecting, ground-installed
SPV plant, the plant is equipped with approximately 22,000
mono-crystalline PV modules to generate electricity. These
modules, each manufactured by Hyderabad-based company
Photon Energy Limited, possess a power generation capacity
of 235 Wp, as detailed in Table 1. This installation stands as
an exemplar of innovative renewable energy solutions, show-
casing the collaborative efforts of NTPC and Photon Energy
Limited to tap into the region’s solar potential and contribute
to sustainable power generation. Within the plant’s configu-
ration, a sum of 888 strings is distributed, encompassing
24 modules within each individual string. To facilitate the
solar PV plant’s functioning, a set of six SMA inverters has
been employed, boasting an individual capacity of 800 kW.
These inverters are designed to accommodate a 720 V DC
input, which undergoes transformation within the inverter
to yield a 360 V AC output. Detailed technical specifica-
tions regarding these inverters can be found in Table 2. The
plant integrates a total of 96 string combiner boxes, with 16
allocated to each of the inverters. Through the utilization of
transformers, the 360-V AC power is elevated to the required
level for direct integration into the 33 kV utility grid (Fig. 1).

3 Methodology

A comprehensive analysis of the on-field operation of a 5
MWp SPV plant was performed through the actual opera-
tional data and the simulated data by PVsyst. A rigorous data
collection process will be initiated, encompassing real-time
electricity production records, environmental parameters,
and solar irradiance levels. These actual performance met-
rics will be contrasted against the projections generated by
PVsyst software, renowned for its reliability in solar energy
simulations.

Table 1 Solar PV module technical specifications

Module characteristics Description
Module material m-si
Maximum Power (Pmp) 235 Wp
Maximum Voltage (Vmp) 29.56 V
Maximum Current (Imp) 795 A
Open Circuit Voltage (Voc) 37.08 V
Short Circuit Current (Isc) 8.45A
Efficiency of panel 15.2%

o for Voc/°C -0.33%

B for Pmp/°C -0.43%

Y for Isc/°C 0.058%
Power tolerance (%) +2
Working Temperature Variation -40~85°C
Weight 20
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Table 2 Inverter technical specifications
Module Parameters Specification
Nominal AC Power 800 kVA
Rated Power 880 kVA
Maximum Voltage In 1000 V
Output Voltage 360 V
Maximum Current In 1400 A
MPP Voltage Range (25°C) 641-850 V
MPP Voltage Range (50°C) 583-850 V
Rated Efficiency 98.6%
Euro Efficiency 98.4%
Power factor at rated power 1
AC power frequency 50 Hz, 60 Hz
Number of DC inputs 9
Weight in Kg 1900 kg

The comparative analysis will encompass various aspects
such as daily, monthly, and yearly energy generation pro-
files, efficiency ratios, and performance indicators based on
IEC 61724 [15] as shown in Fig. 2. This research methodol-
ogy aims to yield valuable insights into the precision and

33 kV/360-360 V

Transformer

800 kW INVERTER-

AJB/STRING AJB/STRING
COMBINER BOX COMBINER BOX

PV MODULE
ARRAY

Fig. 1 Schematic layout of 5 MWp Solar PV plant
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Input Geographical infor-
mation of the site in PVsyst

Real weather and gener-

Define PV module and In-

ation data of the plant verter specification

Real performance anal-
ysis of 5 MW plant

Run PVsyst Simulation

Compare simulated results
with real performance

Validation and conclusion

Fig. 2 Algorithmically presentation of the methodology

limitations of PVsyst software in estimating the performance
of real-world solar PV systems.

4 Result and discussion

The primary hurdle faced by photovoltaic generation sys-
tems pertains to the variability in weather parameters like
solar radiation, temperature, wind speed, rainfall, and
humidity [16]. Also shading, whether it is full or partial
diminishes solar PV system output, reducing energy pro-
duction and efficiency, potentially causing cell damage and
affecting overall performance [17]. A comprehensive analy-
sis of these factors holds paramount importance for precisely
evaluating the performance of PV systems. The effective
functionality of a solar PV module on the field is notably
impacted by solar radiation, a pivotal meteorological param-
eter [18]. As depicted in Fig. 3, the monthly average daily
solar radiation, drawn from both real-world recorded data
and PVsyst-generated data, demonstrates this influence. The
pyranometer registered the highest solar radiation of 6.88
kWh/m?/d in March, while PVsyst projected 6.31 kWh/m%/d
in April. Conversely, the lowest solar radiation recorded by
the sensor was 4.15 kWh/m?/d in November, and PVsyst
yielded a slightly lower figure of 4.03 kWh/m?/d in August.

Figure 4 illustrates the monthly mean daily actual and
simulated ambient temperature alongside cell tempera-
ture. A linear correlation persists between cell and ambient
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Fig. 3 Variation of solar radiation over the month

temperatures, with cell temperature rising proportionally to
ambient temperature increments [19]. The minimal recorded
real average temperature occurred at 12.50°C during Sep-
tember, mirroring the PVsyst-derived 26.12°C value for
the same period. Notably, the highest average daily real
and simulated ambient temperatures manifested as 32.08°C
and 27.87°C, sequenced in March and May, respectively.
In terms of cell temperature, fluctuations were observed.
For the actual system, daily averages ranged from 38.40°C
in July to 51.58°C in March. Similarly, the simulated sys-
tem exhibited cell temperature oscillations from 40.24°C
in June to 51.85°C in March. These temperature dynamics
underscore the interplay between ambient conditions and
cell temperature, ultimately impacting the operational char-
acteristics of the PV system.

The array’s performance relies on a range of climatic ele-
ments including temperature, solar radiation, dust accumula-
tion, humidity, and wind conditions. Notably, temperature
stands out as a direct influencer of the array’s efficiency [20].
Illustrated in Fig. 5, the annual average monthly efficiencies
of modules, inverters, and the entire system are presented
using both real-world and simulated data. Based on actual
data, the lowest module efficiency, at 7.81%, was observed
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Fig. 4 Real and simulated ambient and cell temperature variation
over the year
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Fig. 5 Real and Simulated solar PV module, inverter and system effi-
ciencies of the present plant

in October. In terms of inverter and system efficiency, the
nadirs were 96.14% and 7.65%, occurring in June and Octo-
ber, respectively. Conversely, employing simulated data,
the least efficiencies for module, inverter, and system were
11.22%, 98.30%, and 11.05% in March, June, and March,
respectively. The pinnacles of actual module, inverter, and
system efficiency reached 13.26%, 98.56%, and 12.99%
in December, March, and December, respectively. In the
simulated scenario, the peaks were slightly lower: 11.85%,
98.50%, and 11.65% in June, January, and June. This empha-
sizes that inverter efficiency is a pivotal determinant in the
functioning of a Solar Photovoltaic (SPV) system.
Ilustrated in Fig. 6 is the fluctuation in the mean monthly
reference, array, and ultimate yield of a photovoltaic sys-
tem, as determined by both empirical data and predictions
from PVsyst. The reference yield, computed for the actual
system, demonstrates a range of 3.68 h/day to 5.68 h/day,
while the PVsyst simulation anticipates a span from 3.95
h/day to 6.48 h/day. Likewise, employing real-world data,
the highest array yield as 5.52 h/day materialized in March,
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Fig. 6 Variation of the yields of based on real and simulated data of
5 MW solar PV plant

juxtaposed with the lowest 2.88 h/day in January. In contrast,
as foreseen by PVsyst’s simulation, the minimum array yield
is projected to be approximately 3.28 h/day in July, with the
pinnacle as 5.13 h/day occurring in March. Regarding the
ultimate yield of the system, evaluations grounded in actual
data and PVsyst’s projections fluctuate from 2.81 h/day in
January to 5.44 h/day in March, and from 3.23 h/day in July
to 5.05 h/day, respectively. The annual values of different
yields calculated for both actual data and PVsyst’s estima-
tions, stand at 4.92 h/d, 4.08 h/day, and 3.98 h/day, and 5.20
h/day, 4.24 h/day, and 4.17 h/day, respectively.

Figure 7 illustrates the mean monthly losses within the
solar PV system, encompassing both system losses (Lg) and
capture losses (L), as observed in actual operations and as
projected by PVsyst’s simulations. The computed system
losses, stemming from real-world and PVsyst data, exhibit a
yearly range of 0.06 h/d to 0.13 h/d and 0.05 h/d to 0.08 h/d,
respectively. The highest capture losses (L) for the actual
system, observed in March, reached 2.18 h/d due to elevated
cell temperatures. These losses demonstrate an upward trend
alongside rising cell temperatures, with the nadir of 0.23 h/d
transpiring in December. As depicted in Fig. 7, PVsyst’s
predictions showcase capture losses fluctuating between
0.66 and 1.35 h/d. The average monthly capture losses for
both the real-world and simulated systems were measured
at 0.84-0.96 h/d, in comparison to a lower 0.10-0.07 h/d
for system losses.

The PR stands as a crucial metric illuminating the real-
world efficacy of a solar PV system. Figure 8 intricately
portrays the monthly PR values, offering a comparative lens
through both actual on-field performance and the predictive
prowess of PVsyst simulations.

The calculated PR values reveal their fluctuating nature,
capturing the intricacies of solar energy conversion. The
real-world PR spans from 54.72 to 92.92%, showcasing the
variance inherent in daily and seasonal operational condi-
tions. In the domain of simulations, PVsyst crafts a narrower
PR spectrum, ranging from 77.90% to 82.30%, reaffirming
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plant

its role as a valuable predictive tool. Annual PR averages,
further contextualizing system efficiency, come to the fore.
For the actual installation, the average PR settles at 81.02%,
signifying the system’s adeptness at converting sunlight
into usable energy. The simulated counterpart, projecting
its own capabilities, yields an average PR of 80.42%. These
figures collectively underscore the intricate interplay of
factors influencing PR and emphasize the value of efficient
energy conversion in ensuring optimal solar PV system
performance.

In India, the capacity utilization factor (CUF) generally
hovers between 16 and 20% [21]. The calculated CUF val-
ues, derived from both the actual system performance and
the predictive power of PVsyst, exhibit a dynamic range
spanning 11.26% to 20.61% and 11.64% to 21.30%, respec-
tively, across the year. As illustrated in Fig. 9, the nadir of
CUF emerged from the real system, recording 11.26% in
July, mirrored closely by PVsyst’s prediction of 11.64% in
the same month. In contrast, the zenith of CUF materialized
in December, with the actual system achieving a remarkable
20.61%, while PVsyst forecasted an even higher 21.30%.
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The annual mean CUF values for the PV system and PVs-
yst projections stand at 16.05% and 16.54%, respectively,
encapsulating the overall energy-generation efficiency and
utilization of the solar installation.

5 Discussion and comparison with other work

Our research focuses on comparing the performance of a 5
MWp SPV plant using the PVsyst simulation tool. There are
existing studies that evaluate the performance of PV plants
using PVsyst as a simulation tool for real-world PV system
performance. In a study, the performance of a | MWp solar PV
plant on an educational institute’s rooftops in Andhra Pradesh,
India, was assessed. Real-time monitoring and simulations
using three tools were conducted over 12 months. The plant
generated 1325.42 MWh annually, with simulations ranging
from 118 to 170 MWh per month. PV Syst demonstrated the
best energy yields. The plant’s performance ratio was approxi-
mately 88%, covering roughly 20% of the campus’s annual
energy consumption [22]. Malvoni et al., (2017) analyzed a
960 kWp PV system in southern Italy over 43 months, evaluat-
ing energy yields, losses, and efficiency. They compared it to
PV plants in various climates for degradation rate. Using SAM
and PV Syst, they compared actual performance, finding SAM
underestimated by 3.0% and PV Syst by 3.3%, with PV Syst
generally performing better [23]. Another study delves into the
feasibility of establishing a fully solar PV-powered academic
campus at MANIT in Bhopal, India, proposing a 5 MW solar
PV plant based on MANIT’s energy consumption. The perfor-
mance of the solar campus is assessed using PVSyst and SAM
software, projecting an annual electricity generation of 8000
MWh and a reduction of 73,318.0 metric tons of carbon emis-
sions. The study concludes that the project demonstrates both
technical and financial viability, potentially yielding annual
earnings ranging from INR 55,341,788 to INR 938,894,000
over a 25-year period. Furthermore, it has the capacity to offset
173,318.0 metric tons of CO, emissions [24]. The real per-
formance of 186 kWp ground-mounted solar PV system at
Amity University, Gurugram, India, compared to the predicted
one obtained with PVSyst and system advisor model. Annual
solar insolation averaged 5550-700 W/m?, with a mean tem-
perature of 28.4 °C in 2018. The system achieved a yearly
mean performance ratio of 0.827, a capacity utilization factor
of 0.178, and an energy production agreement with predic-
tions within a 1.34% uncertainty [25]. A study performed to
assess the real and simulated performance using PVSyst and
SolarGIS tools for 23.92 MWp solar PV plant in El Bayadh,
Algeria, over 36 months (March 2017—-February 2020). Find-
ings show strong alignment between real and predicted data,
a notable correlation (0.91) between module temperature and
performance ratio [26].
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The above studies demonstrate the accuracy and reliability
of PVsyst as a simulation tool for assessing PV plant perfor-
mance. These studies span different locations and capaci-
ties, including kilowatt to megawatt level plants in all over
the globe. In each case, PVsyst consistently provided reliable
estimations and closely matched real-world performance data,
affirming its credibility as a dependable tool for evaluating
solar PV systems.

6 Conclusion

This study is centered around the simulation of solar PV utili-
sation in Andaman, India, and encompasses a comprehensive
and comparative analysis. Employing the PVsyst software as
the primary tool, the investigation aims to establish a highly
efficient PV plant for electricity production. The capabilities
of PVsyst in predicting critical electricity generation factors
are notably valuable. The simulated average performance ratio
(PR) of 80.42% slightly less that of the actual PV system,
which stands at 81.02%, primarily due to a higher yield. Simi-
larly, the real plant’s CUF was 16.05%, while the simulated
CUF reaches 16.54%.

The results demonstrate that the actual system performance
closely aligns with the PVsyst simulations, validating the soft-
ware’s efficacy in predicting energy generation patterns. The
future scope of this research lies in advancing the accuracy of
PVsyst simulations and refining models for solar PV system
performance under diverse climatic conditions. Further explo-
ration should focus on incorporating advanced technologies
and maintenance strategies to optimize large-scale solar energy
projects. Investigation into the impact of evolving solar tech-
nologies on real-world efficiency will be crucial. Additionally,
the study paves the way for ongoing research to contribute
to meeting ambitious renewable energy targets and address-
ing environmental concerns on a global scale, emphasizing
the pivotal role of accurate simulation-based assessments in
guiding the implementation of future large-scale solar energy
initiatives.
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