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ABSTRACT

As the global quest for sustainable energy solutions intensifies, the role of solar power plants in meeting energy de-
mands while mitigating environmental impact becomes increasingly vital. This study focuses on the performance
evaluation and economic analysis of Engreen Sarishabari Solar Plant Ltd., a 3.3 MW grid-connected photovoltaic
(PV) power plant located in Sarishabari, Jamalpur, Bangladesh. A thorough evaluation of the solar power plant’s
performance ratio was carried out using the PVsyst software and data supplied by plant authorities. Moreover, a
mathematical model was developed to analyze energy output variations, while grid stability post-integration of
PV into the distribution feeder was examined under diverse conditions, including load and irradiance variations,
as well as different short-circuit fault scenarios. The findings reveal that the annual performance ratio of the solar
power plant stands at approximately 71%, with an average annual energy production of 3132 MWh. With a pay-
back period of 10.1 years and an energy generating cost per kWh of 0.1132 USD, the installation cost came to
6,740,853 USD. This research not only provides valuable insights into the operational efficiency and economic
viability of the Engreen Sarishabari Solar Plant Ltd. but also contributes to the broader discourse on the integration
of solar energy into the grid infrastructure of Bangladesh, offering practical implications for policymakers, energy
stakeholders, and investors striving towards a sustainable energy future.
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INTRODUCTION et al.,, 2007) With technological advancements,

increasing demand, and sometimes excessive us-

Energy serves as the cornerstone for human
survival and progress, playing a pivotal role in
a nation’s economic growth and security (Mon-
dol et al., 2010). Without the effective utilization
of energy, no country can hope to advance and
sustain its development. An imbalance between
energy demand and supply can significantly dis-
rupt a nation’s functionality, particularly in de-
veloping regions (Gulagi et al., 2017). As society
transitions from modern to ultramodern, there
is a notable escalation in global energy demand
(Bagalini et al., 2019) , which stands as a primary
driver behind global energy challenges and is an-
ticipated to surge nearly fivefold by 2100 (Asif
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age of electrical and electronic devices, our en-
ergy consumption continues to rise incessantly
(Halder et al.,2015; Ahmed et al., 2014). Fossil
fuels such as natural gas, coal, and petroleum are
commonly recognized energy sources (Gramme-
lis et al., 2016), predominantly utilized for elec-
tricity generation (Ahiduzzaman et al., 2011). Ap-
proximately three-quarters of the world’s energy
comes from fossil fuels, contributing significantly
to greenhouse gas emissions (Yiksel, 2008; Al-
tabatabaie et al., 2022). Moreover, projections
suggest that global fossil fuel reserves will be
completely exhausted within a few decades, in-
dicating their finite nature and escalating costs
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(Shezan et al., 2017). Considering the global en-
ergy crisis, Bangladesh is transitioning towards
renewable energy sources to partially fulfill their
energy requirements (Mohazzem et al., 2024).
Moreover, Bangladesh’s commitment to renew-
able energy is evident in its ambitious targets,
aiming for 40% renewable energy in electricity
generation by 2041, with solar energy expected
to constitute a significant portion (Mahmud et
al., 2021). This would lead to a renewable energy
capacity of 16 GW (representing 30% of the to-
tal) by 2031, and a renewable energy capacity of
40 GW (representing 40% of the total) by 2041
(Wing 2023). At present, renewable sources
make up 3.7% of the overall energy composition,
with solar energy representing over 75% (equiv-
alent to 2.8% of the total energy mix) (IEPMP
2023). The state gives precedence to the utiliza-
tion of power derived from renewable sources
rather than non-renewable sources. Government
officials have planned several solar projects with
a total capacity exceeding 3 GW in the future
years (Koons, 2023).

Bangladesh boasts favorable geographic con-
ditions, experiencing daily solar radiation ranging
from 4 to 6.54-6.5 kWh/m? and an average annu-
al sunshine duration of 1,900 kWh/m? (Lipu et al.,
2013). Recognizing this abundant solar potential,
the National Renewable Energy Laboratory esti-
mates Bangladesh’s solar capacity at a staggering
240,000 MW, requiring just 1.5 percent of its total
land area (Teske et al., 2019). Such statistics un-
derscore the pivotal role solar energy can play in
addressing Bangladesh’s mounting energy needs.

Because of the advantageous geographical
location combined with other facilities, the pay-
back year, which is a key indicator of the solar
photovoltaic (PV) system’s economic feasibility,
is competitive compared to neighboring countries
(Inan, 2022). The payback period for grid-con-
nected photovoltaic installations in Bangladesh
spans from 6.4 to 13.1 years. Shamim et al. (2022)
discovered that employing a net metering strategy
with solar PV in a grid-connected system yielded
a payback period of 6.4 years over a 20-year lifes-
pan. In a separate study, Mondal and Islam (2009)
conducted a techno-economic feasibility analysis
for a 500 kW grid-connected solar PV system,
revealing an equity payback period of approxi-
mately 13.1 years. Additionally, Hasanuzzaman
et al. (2022) investigated the economic impacts of
PV power generation in Bangladesh. Their find-
ings indicated that over a 21-year period, a 1 kWp

system could lead to a reduction of US $4495.856
in total energy costs and a decrease of 0.198 per
kWh in the cost of energy.

The payback period for grid-connected pho-
tovoltaic installations in Sri Lanka may range
from roughly 2 to 5 years, contingent on variables
such as system size, energy consumption, and
configuration. In a comprehensive techno-eco-
nomic evaluation of a 1 MW grid-connected sys-
tem yielded a payback period of approximately 5
years (Archishman et al., 2017). Another investi-
gation focused on residential solar photovoltaics,
illustrating that for homes consuming over 300
kWh/month, the payback period could be as short
as 2 years and 9 months (Rasul et al., 2022).

Photovoltaic installations in India have been
extensively studied for their performance and
feasibility. For instance, Sharma et al. (2023)
conducted an analysis on a 13 kWp rooftop grid-
connected solar photovoltaic system situated at
Siksha ‘O’ Anusandhan, Bhubaneswar. This sys-
tem demonstrated an annual electricity supply to
the grid of 17.79 MWh, a final yield of 3.80 h/d,
and a performance ratio of 0.82. Similarly, Singh
and Rizwan (2022) investigated the impact of
dust accumulation on a 5 kW photovoltaic system
installed on the rooftop of a laboratory at Delhi
Technological University. They compared the per-
formance analysis results of the practical system
with PVsyst software results. Additionally, Nitin
Goyal et al. (2027) evaluated the performance of
a PV power plant located at SKIT, Jaipur, under
composite climate conditions, revealing a final
yield of 4.5 kWh/kWp/day and a money pay-
back period of 4.3 years. Moreover, (Saxena et
al., 2023) scrutinized the viability of mounting
solar PV plants in various cities across India, not-
ing a performance ratio ranging between 70% and
80%, a capacity utilization factor of 19-21%, and
an estimated energy output of 170 MWh annually
at all sites (Komal et al., 2022).

The environmental and economic feasibility
of photovoltaic installations is evident in Paki-
stan (Zafor er al., 2018). One study simulated a
photovoltaic system in a remote location in Paki-
stan and found that it generated more electricity
than the demand, with an energy payback time
of 7.4 years and a reduction in greenhouse gas
emissions (Muhammad et al., 2023). Ahmad et
al. (2022) explored the techno-economic viability
of grid-connected solar photovoltaic power plants
for the manufacturing SME sector in Punjab, dis-
covering that the payback period in Sargodha was
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the shortest at 7.7 years. Moreover, Awais et al.
(2023) simulated a photovoltaic system in a re-
mote location in Pakistan, determining an energy
payback time of 7.4 years.

Currently, the payback period for grid-connect-
ed photovoltaic installations in Bhutan faces finan-
cial challenges, primarily due to the relatively high
cost of PV energy generation in comparison to the
average cost of hydropower generation (Yangchen
et al., 2015). For instance, a proposed system in-
tended for a library building in Bhutan exhibits a
payback period that extends beyond the project’s
lifespan and generates a negative net cash flow
(Xuan et al., 2022). Moreover, the existing subsi-
dized electricity tariff structure in Bhutan does not
render the implementation of such systems finan-
cially feasible (Simén-Martin et al., 2012).

Since 2017, there has been a significant in-
crease in both investment and research and de-
velopment (R&D) efforts in the field of solar en-
ergy in Bangladesh (Hossain et al., 2021; Riad,
2023). The significant rise in investments has
prompted a concentrated emphasis on research
related to enhancing efficiency and optimizing
operations in the solar energy industry (Abdul-
razak et al., 2021). Research and development
bodies, encompassing both corporate and aca-
demic institutions, are engaging in an exten-
sive investigation of multiple variables. These
variables include crucial elements such as the
duration of sunshine, angles of radiation, tem-
perature, humidity, wind patterns, specific co-
ordinates of position, types of solar panels, and
efficiency of inverters (Karim et al., 2019). This
increased examination demonstrates a dedica-
tion to comprehending and improving the effi-
ciency of solar energy systems within the partic-
ular circumstances of Bangladesh. An in-depth
examination of these various elements is crucial
for improving the design, implementation, and
functioning of solar power installations.The
partnership between research and development
organizations and academic institutions high-
lights the increasing recognition of the need of
customizing solar energy solutions to the spe-
cific environmental circumstances and needs
of the area (Baky et al., 2017). In this study, a
techno-economic assessment of the photovoltaic
(PV) system is conducted to determine its level-
ized cost of energy (LCOE), payback time, and
other key indicators to ascertain profitability.
Annual energy production for the solar power
plant is estimated, and a mathematical model is
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developed to predict annual energy production
by varying solar irradiance levels. Additionally,
a grid impact analysis is performed to assess the
effects of integrating a significant volume of PV
into the grid, considering load variation, irra-
diation fluctuation, and conducting short-circuit
analysis to ensure grid stability and reliability.

METHODOLOGY

To comprehensively evaluate the perfor-
mance and economic viability of the Engreen Sa-
rishabari Solar Plant Ltd., we employed a hybrid
methodology integrating simulation techniques
and software analysis. This approach enabled us
to delve into the intricacies of the solar photovol-
taic system, ensuring a robust evaluation of its
operational efficiency and economic feasibility.

Firstly, we replicated the key components
of a typical solar PV plant, including photovol-
taic panels and inverters, to conduct simulations
tailored to the specific characteristics of the En-
green Sarishabari Solar Plant. These simulations
provided insights into the system’s performance
under varying environmental conditions and op-
erational parameters. For economic analysis, we
gathered crucial data from plant officials, includ-
ing total installation costs, taxes, inflation rates,
and other pertinent factors. We obtained vital
parameters including radiation values, average
temperature, wind speed, and humidity by en-
tering the coordinates of the chosen region. The
careful procedure employed in PVSyst estab-
lished the foundation for a thorough assessment
of the solar power plant’s performance and ef-
ficiency, considering actual environmental con-
ditions. After completing the design phase, we
calculated monthly energy production data for
the power plant, utilizing its installed capacity
of 3.3 MW, and determined the average perfor-
mance ratio (PR) of the facility. PVSyst software
played a crucial role in analyzing both overall
electricity generation and the payback period,
offering valuable insights into the economic fea-
sibility and return on investment of the plant.

In the final stage of our study, we conducted
a grid impact analysis to assess the plant’s inter-
action with the electricity grid. This involved de-
veloping a system model with grid connections
using SIMULINK, a powerful simulation plat-
form. We meticulously studied different types of
fault conditions to evaluate the plant’s resilience
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and its impact on grid stability, ensuring a com-
prehensive understanding of its operational dy-
namics within the broader energy infrastructure.
By integrating simulation techniques, software
analysis, and empirical data, our methodology
enabled a thorough evaluation of the Engreen
Sarishabari Solar Plant Ltd., offering valuable
insights into its performance, economic viabil-
ity, and grid integration capabilities.

Design of the solar PV system

Table 1 presents data regarding the orien-
tation of the PV array. A manual solar tracker
system has been incorporated into the solar PV
system, enabling adjustments to optimize sun-
light capture. During summer, the tilt angle is
set at 5°, while in winter, it is adjusted to 24°.
Table 2 provides a concise overview of key
photovoltaic components utilized in the solar
PV system, including solar panels, inverters,
and AC junction boxes. These components, me-
ticulously selected for their quality and perfor-
mance, underscore the robustness and efficiency
of the system design. Table 3 offers a snapshot
of the solar PV system’s key specifications. It
delineates vital parameters such as the installed
capacity, module configuration details includ-
ing nominal power and total number, as well
as inverter specifications including nominal
power and quantity. Table 4 presents a break-
down of the costs associated with the solar PV
project. It itemizes the quantity, unit cost, and
total cost in USD for various components and
expenses involved in the project. Additionally,

Table 1. Orientation of PV array

Summer tilt 5°

Tilt angle Winter (October, November December,
January, February, March) tilt 24°
Azimuth 180°

Table 2. Details of the PV components

PV Component Model Name Manufacturer
Sunmodule plus sw
Solar panel 285 mono Solarworld
Inverter Sunny Tripower STP | SMA Solar Tech-
25000TL-30 nology AG
AC junction box PVXLS Henan Senyuan
Electronic Co.

Table 3. Design details of the PV plant

Installed capacity 3000 kWh
Module nom. power (Wp) 285

Total number of modules 11580

Nominal (STC) 3300 kWp
Modules 579 string x 20 In series
Inverter AC nom. power 25.0 kW
Number of inverters 123

Inverter AC total power 3075 kW

it provides details of annual operating costs in
BDT, including staff salary, lease payment, and
maintenance expenses. The solar PV system
comprises 11,580 installed solar modules and
123 inverters. However, accounting for poten-
tial damage and unforeseen events, a total of
12,200 solar modules and 125 inverters were
purchased. The exchange rate was 1 USD to
around 80 Taka at that time. After analyzing
the data and converting the Bangladeshi Taka
to US Dollars, the total cost of installing the
plant was 6,740,853 USD. Operating expenses
are being covered in Bangladeshi currency.

Table 4. Installation and operating cost

ltem Quantit Unit cost | Total cost
Y (USD) (USD)
Solar PV mod- 12,200 328 | 4,001,600
ules
Support struc- 455 537
tures for modules
Inverters 125 4057 507,125
Transformers 3 6493 136,661
Computers, soft-
ware, cables, and 501,090
measurement
tools
Field leveling 455,537
Civil construction
including a resi-
dential building 182,214
and warehouse
Labor cost 182,214
Fence, cameras,
and thunder pro- 318,875
tection
Powelf plant in- 6.740,853
stallation
Annual operating cost (BDT)
Staff salary 5,000,000
Lease payment 1,000,000
Maintenance 500,000
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RESULTS AND DISCUSSION

The performance evaluation and economic
analysis were conducted using PVsyst software,
which yielded results slightly different from the
actual data collected from the plant officials. In
our simulation model, the annual average energy
production is calculated at 3132 MW, whereas the
plant officials anticipate a figure of 3300 MW. Con-
sequently, minor discrepancies exist in the project-
ed payback period. While the plant officials expect
a payback period of 10 years, our simulation results
indicate a slightly higher figure of 10.1 years.

Performance evaluation and economic
analysis

Table 5 provides valuable insights into the
operational efficiency and economic feasibil-
ity of the Engreen Sarishabari Solar Plant. The
plant showed an impressive use of solar energy
resources. This performance ratio is in line with
industry benchmarks and highlights the plant’s
efficiency in turning solar energy into electric-
ity. The economic analysis showed positive re-
sults about the plant’s financial feasibility. The

Table 5. Economic and performance analysis
3132 MWhl/year
949 kWh/kWpl/year
0.1132 USD/kWh
0.18970 USD/kWh
11,882,808 USD

Produced energy

Specific production

Cost of produced energy

Feed in tariff

Electricity sale

Payback period 10.1 years
Return on investment 92.3 %
Cumulative profit 4,526,693 USD
Performance ratio 0.71

Control Loop

Switching

Engreen Sarishabari Solar Plant has a favorable
payback period, indicating a satisfactory return
on investment. The cost of the energy produced
highlights the plant’s competitiveness in the en-
ergy market.

Grid impact analysis

This section entails an examination of the
plant’s performance and its influence on the grid
under various circumstances, such as dynamic
weather, load fluctuations, and diverse fault
states. Initially, this presentation showcases the
complete configuration and the resulting conse-
quences in typical circumstances.

The analysis of the grid impact is conducted
by means of simulation, with the simulation sys-
tem being developed using MATLAB. The de-
picted system, as seen in Figure 1, comprises a
solar photovoltaic module with a capacity of 3.3
MW, operating under an average irradiance level
of 700 W/m? at a temperature of 25 °C. Phase lock
loop (PLL) systems were employed to develop
an inverter capable of converting the direct cur-
rent (DC) power generated by solar photovol-
taic systems into alternating current (AC). The
inverter output of 415 V is linked to a 0.4 kV/33
kV transformer. The step-up transformer is linked
to a transformer with a voltage ratio of 33 kV/11
kV. Subsequently, the three-phase line originating
from the step-down transformer is connected to the
grid. The location where the connection is estab-
lished between the supply of the photovoltaic plant
and the electrical grid is referred to as the point of
common coupling, commonly abbreviated

Figure 2 illustrates various metrics under nor-
mal conditions. These include a power frequency
of 50 Hz at the point of common coupling (PCC),
a power factor of roughly 9.6, PV generation of

a
B 3%
cYg 1
0A4KVI33KV [& & ]
Transformer
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33KVIIKV | Sl
Transformer | o_~T"
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Ff ]
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Grid %

A

Figure 1. System implementation in simulating software.
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Frecueny at Grid

ctor in Grid

Inverter in RMS(Ph-Ph)

Figure 2. (a) Frequency at PCC, (b) power factor at PCC, (c¢) power sharing between PV and grid in
normal condition, (d) line voltage at PCC and grid and RMS value of voltage at PCC and grid
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around 3.3 MW, and an RMS voltage value of
415 V after the AC inverter. The voltage at the
PCC following the transformation from 0.415 kV
to 33 kV and subsequently from 33 kV to 11 kV
is 11 kV in terms of its root mean square (RMS)
value. Consequently, it is content to establish a
connection with the power supply and electrical
grid. Energy is sent to the grid.

This is a normal visualization of system per-
formance in normal conditions. This section ex-
amines the effects of dynamic weather and vari-
ous symmetric and unsymmetric fault states on
the system. We will manipulate the irradiance and
induce line-to-ground faults in the system to get
the desired scenarios. The value of irradiance is not
kept constant due to dynamic weather. So, we are
analyzing this by changing the value of irradiance
inputs to the solar PV array. The result of the varia-
tion in irradiance is exhibited in Figure 3. Where
the solar irradiance is varied from 1000 W/m? to
500 W/m? at time = 0.8 s, then 500 W/m? to 800
W/m? at time = 1.5 s, and finally from 800 W/m?
to 1000 W/m? at time 2 s again.

According to Figure 3, it is observed that
the supply of solar plants drops from 3.3 MW
to 1.65 MW at 0.8 s when solar irradiance is
varied from 1000 W/m? to 500 W/m? and the
frequency of the PCC falls from 50 Hz to 49.99
Hz for a few moments. The power factor also
drops from 0.96 to 0.90 (approximate) at the
same time, and a spike is seen up to 0.8 at 0.8 s.
The same amount of power produced from the
PV plant goes to the grid. Then power genera-
tion increases from 1.65 MW to 2.64 MW at 1.5
s when solar irradiance is varied from 500 W/
m? to 800 W/m? and the frequency of the PCC
increases from 50 Hz to 50.01 Hz for a few
moments, then the power factor also increases
from 0.90 to 0.95 at that time. At last, power
generation returns to 3.3 MW at 2 s when solar
irradiance is varied from 800 W/m? to 1000 W/
m?. The frequency also increases for a short pe-
riod, from 50 Hz to 50.006 Hz, and the power
factor returns to 0.96.

Impact on line-ground short circuit

To analyze the short circuit effect, line-ground
short circuit is created for a short period from 1 s
to 2 s in our system, and the result of this event is
visible in Figure 4. So, power sharing, frequency,
power factor, and voltage are visible in the a, b, c,
and d parts of Figure 4.
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Figure 4 shows us that during the fault pe-
riod from 1 s to 2 s, when a fault occurs after the
0.4 kV/33 kV transformer is connected to the
33 kV/11 kV, a distortion exists in the load sup-
ply. That’s why a distortion also goes to the PCC
(point of common coupling) connected to the
grid, as exhibited in Figure 4a.

Another impact is seen in Figure 4b, where
a spike appears in the frequency up to 49.6 Hz
from the balanced level of 50 Hz at 1.0 s, and
again, it has changed between 50.3 and 49.7
Hz from 50 Hz at 2.0 s for a few moments.
A significant impact is the power factor in
Figure 4c, which fluctuates from 0.99 to ap-
proximately 0 from 1 s to 2 s. And after re-
moving the fault, the power factor and power
could not return to a stable position because
of losing power synchronization. In Figure 4d,
the inverter voltage, and its RMS value (on the
left) of the PCC are seen, and the line voltage
and its RMS value (on the right) are also seen.
Because a fault occurs in one phase, the RMS
value drops from 415 V to 235 V. But the grid
voltage has continued at its normal level.

Impact on line-line-ground short circuit

To analyze the short circuit effect, a double
line-ground short circuit is created for a short pe-
riod from 1.0 s to 2.0 s in our system, and the re-
sult of this event is visible in Figure 5. So, power
sharing, frequency, power factor, and voltage are
visible in the a, b, ¢, and d parts of Figure 5.

Figure 5 shows us that during the fault pe-
riod from 1.0 s to 2.0 s, when a fault occurs after
the 0.4 kV/33 kV transformer is connected to the
33 kV/11 kV, a distortion exists in the load sup-
ply. That’s why a distortion also goes to the PCC
(point of common coupling) connected to the
grid, and a noise also appears in the supply of the
PV plant at Figure Sa.

Another impact is seen in Figure 5b, where a
spike appears in the frequency up to 49.6 Hz from
the balanced level of 50 Hz at 1.0 s, and again, it
has changed between 50.35 and 49.65 Hz from
50 Hz at 2.0 s for a few moments. A significant
impact is the power factor in Figure 5c, which
fluctuates from 1 to approximately O from 1 s to 2
s. But from 1.2 s to 1.8 s, the value of pf fluctuates
from 1 to -1. It could not return to a stable posi-
tion after removing the fault.

In Figure 5d, the inverter voltage, and its
RMS value (on the left) of the PCC are seen,
and the line voltage and its RMS value (on the
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b)

Figure 3. (a) power sharing between PV and grid in irradiation variation,
(b) frequency at PCC (c) power factor during irradiation variation

right) are also seen. Because a fault occurs in two
phases, its RMS value drops from 415 V to 10 V
approximately. But the grid voltage has continued
at its normal level.

Impact on line-line-line-ground short circuit

To analyze the short circuit effect, line-line-
line-ground short circuit is created for a short

period from 1 s to 2 s in our system, and the result
of this event is visible in Figure 6. Power sharing,
frequency, power factor, and voltage are visible in
the a, b, ¢, and d parts of Figure 6.

Figure 6 shows us that during the fault period
from 1.0 s to 2.0 s, when a fault occurs after the
0.4 kV/33 kV transformer is connected to the 33
kV/11 kV, the line is disconnected from the supply
as three phases are shorted to ground. That’s why a
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Figure 4. (a) power sharing between PV and grid in L-G short circuit, (b) frequency at
PCC during L-G short circuit (¢) Power factor at PCC during L-G short circuit,
(d) phase voltage and RMS value at PCC Line voltage and RMS value at grid
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Frecueny at Grid

Power Factor in Grid

AC output of Inverter in RMS(Ph-Ph) Grid Voltage RMS(Ph-Ph)

Figure 5. (a) power sharing between PV and grid in L-L-G short circuit, (b) frequency
at PCC during L-L-G short circuit, (c) power factor at PCC during L-L-G,
(d) phase voltage and RMS value at PCC Line voltage and RMS value at
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Frecueny at Gnd

Power Factor in Grid

Time

Figure 6 (a) power sharing between PV and grid in L-L-L-G short circuit, (b)
frequency at PCC during L-L-L-G short, (¢) power factor at PCC during L-L-L-G,
(d) phase voltage and RMS value at PCC Line voltage and RMS value at
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AC output of Inverte

AC output of Inverter in RMS(Ph-Ph)

e Wave(Ph-Ph)

Figure 6. Cont. (d) phase voltage and RMS value at PCC Line voltage and RMS value at

distortion in power has remained during this fault
period, and after removing the fault, the distortion
exists in power as the 3-phase line was shorted and
needs to be synchronized before connecting again,
as shown in Figure 6a. Another impact is seen in
Figure 6b, where the frequency has been dropped
to 49 Hz from the balanced level of 50 Hz at 1 s,
and again, it has risen to 51 Hz during the fault
period. However, the frequency would continue
to rise until the fault was removed. A significant
impact is the power factor in Figure 6¢, which is
changed randomly from 1 s to 2 s. After this fault
period, the PF continued with a distortion as the
line connected to the grid without synchronization.

In Figure 6d, the inverter voltage, and its RMS
value (on the left) of the PCC are seen, and the
line voltage and its RMS value (on the right) are
also seen. Because a fault occurs in three phases
to ground, the RMS value of it drops from 415 V
to approximately 0 V. But the voltage level con-
tinues to rise exponentially with respect to time
during this fault period, and within 1 s, it rises up
to 150 V (rms) from zero. However, after remov-
ing the fault, the voltage continues at its normal
value after creating a spike. We also observe a
tiny change in grid voltage at this time. The grid
impact analysis provided valuable insights into
the Engreen Sarishabari Solar Plant’s interac-
tion with the electricity grid under various condi-
tions. Simulation results depicted the plant’s be-
havior during dynamic weather fluctuations and
fault scenarios, shedding light on its resilience
and contribution to grid stability. Under normal

operating conditions, the plant exhibited stable
performance, with a power frequency maintained
at 50 Hz and a power factor of approximately
0.96. However, during periods of irradiance
variation, slight fluctuations in power output and
frequency were observed, although within ac-
ceptable limits. Furthermore, fault scenarios, in-
cluding line-ground (L-G) and line-line-ground
(L-L-G) short circuits, were analyzed to assess
the plant’s response and impact on grid stabil-
ity. The results showed temporary disruptions in
power output, frequency, and power factor dur-
ing fault periods, emphasizing the importance of
implementing protective measures and grid inte-
gration strategies to ensure uninterrupted power
supply and grid resilience. Overall, the results of
the performance evaluation and grid impact anal-
ysis underscore the effectiveness and reliability
of the Engreen Sarishabari Solar Plant. By com-
bining operational efficiency with economic vi-
ability and grid integration capabilities, the plant
emerges as a promising model for sustainable
energy development in Bangladesh, contributing
to the country’s renewable energy targets and en-
vironmental objectives.

CONCLUSIONS

The Engreen Sarishabari Solar Plant is a
symbol of advancement in Bangladesh’s re-
newable energy industry, serving as the coun-
try’s first solar power plant connected to the
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national grid. The project, first driven by the
vision of investors and engineers, has evolved
into a pioneering success, sparking enthusiasm
and financial support in the rapidly growing
solar energy industry. The plant’s outstanding
performance, highlighted by a significant re-
turn on investment and a rapid payback period,
confirms its effectiveness and economic feasi-
bility. Our software simulation has resulted in
outstanding outcomes, with an annual genera-
tion of 3,132 MWh and an energy yield of 959
kWh/kWp/year. However, actual data provided
by plant officials surpasses these projections,
boasting an average annual electricity gen-
eration of 3,300 MWh, indicative of an even
higher energy yield. Anticipating a 10-year
payback period and a return on investment of
approximately 105%, the plant stands competi-
tively against solar PV installations in neigh-
boring countries. Moreover, the technological
and financial model of the solar PV system
meticulously accounts for policy, regulatory,
and physical constraints, ensuring a holistic ap-
proach to sustainability and profitability.

Moreover, the solar PV plant’s performance
under various conditions was analyzed using
a grid impact analysis. The plant’s response
to fault scenarios, including line-ground and
line-line-ground short circuits, showed tem-
porary disruptions in power output, frequency,
and power factor during fault periods. Line-
ground faults cause distortion in the load sup-
ply and impact the point of common coupling
(PCC). The frequency fluctuates from 49.6 Hz
to 50.3 Hz, and the power factor drops from 99
to nearly 0 during fault periods. After remov-
ing the fault, power synchronization is lost,
and the inverter voltage and line voltage drop
due to a fault in one phase, while grid voltage
remains normal.

The impact of line-line-ground short cir-
cuits was evaluated by simulating a double
line-ground short circuit from 1.0 s to 2.0 s
within the system. This results in distortion
in the load supply, noise in the PV plant sup-
ply, and a spike in frequency. The power factor
fluctuates from 1 to approximately 0 from 1
s to 2 s but cannot return to a stable position
after removing the fault. The inverter voltage
and line voltage also show significant impacts,
with the RMS value dropping from 415 V to
10 V due to the fault occurring in two phases.
Similarly, the effects of line-line-ground short
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circuits were assessed through a fault occur-
ring from 1 s to 2 s. The system shows power
sharing, frequency, power factor, and voltage
changes during the fault period. The fault oc-
curs when a transformer is connected to the
supply, causing a distortion in power. The fre-
quency drops to 49 Hz and then rises to 51 Hz
but remains constant until the fault is removed.
The power factor changes randomly from 1s to
2 s, and the inverter voltage and line voltage
also show changes. After removing the fault,
the voltage remains at its normal value. These
findings highlight the importance of imple-
menting protective measures and grid integra-
tion strategies to ensure uninterrupted power
supply and grid resilience.

The insights gleaned from this grid impact
analysis are pivotal for enhancing the integra-
tion of solar power plants into the electricity
grid. By understanding the plant’s behavior un-
der diverse operating conditions, stakeholders
can implement measures to optimize grid oper-
ation and planning, thereby bolstering grid re-
silience and reliability. In the future, the incor-
poration of intelligent storage systems shows
potential for improving the stability of power
grids and maximizing the economic feasibility
of solar energy. Subsequent research endeav-
ors could investigate the economic viability of
these systems, thereby facilitating enhanced
sustainability and resilience in Bangladesh’s
power industry.
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