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Abstract - This paper aims to enhance the understanding
of solar photovoltaic (PV) systems by conducting a detailed
analysis under varied environmental conditions. While the
base study focused on a singular scenario (1000 irradiance at
25 degrees Celsius), our project explores a broader
spectrum. We systematically tested the system with different
irradiances (1000, 900, 800, and 700) at a constant 25
degrees Celsius and diverse temperatures (25 and 30 degrees
Celsius) to comprehensively evaluate its behavior.
Leveraging Matlab/Simulink, we developed an intricate PV
cell model, considering non-linear characteristics and the
influence of temperature and irradiance. Simulink provided
a simulated environment to emulate real-world conditions,
incorporating factors such as temperature and irradiance
sensors. Throughout testing, data logging in Simulink
enabled the collection of crucial parameters, facilitating the
calculation and analysis of PV and IV characteristics. Our
project documentation will detail the modeling approach,
assumptions, and insights gained from this extensive
exploration, shedding light on the solar PV system's
response to varying environmental factors.
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1.INTRODUCTION

The pressing need to combat climate change has propelled
the global transition towards cleaner energy sources. Among
these, solar power stands out as a promising solution,
leveraging the abundant and renewable energy of the Sun. In
recent years, significant advancements have been made in
solar energy technologies, enhancing their efficiency,
affordability, and accessibility. This essay explores the
evolution of solar power generation, focusing on innovative
methods to maximize its output, the challenges faced, and
the opportunities it presents in the global energy landscape.

1.1 Evolution of Solar Power Generation

Solar power, as a concept, has existed for centuries, with
ancient civilizations harnessing sunlight for various
purposes. However, it wasn't until the late 19th and early

20th centuries that significant strides were made in solar
energy technology. The discovery of the photovoltaic effect
laid the foundation for modern solar panels, allowing the
direct conversion of sunlight into electricity. Since then,
solar power has experienced exponential growth, driven by
advances in  materials science, engineering, and
manufacturing processes.

1.2 The Rise of Renewable Energy

The 21st century has witnessed a surge in renewable energy
adoption, spurred by concerns over climate change, energy
security, and economic sustainability. Solar power, in
particular, has emerged as a frontrunner in the renewable
energy transition. Its inherent advantages, including
inexhaustible supply, zero emissions, and versatility, have
positioned it as a key player in the quest for a sustainable
energy future.

1.3 Maximizing Solar Power Output

One of the critical challenges in solar power generation is
maximizing energy output from photovoltaic (PV) panels.
To address this challenge, researchers and engineers have
developed various strategies aimed at optimizing the
performance of solar energy systems. Among these,
mechanical tracking systems play a pivotal role, ensuring
that solar panels remain aligned with the Sun throughout the
day to capture maximum sunlight. Additionally,
sophisticated algorithms, such as the The Perturb and
Observe (P&O) algorithm is utilized to continuously
monitor and adjust solar panel parameters in order to
accurately track the Maximum Power Point (MPP). This
technique plays a pivotal role in optimizing solar panel
efficiency.

1.4 Innovations in Solar Power Tracking

While mechanical tracking systems have been effective in
improving solar power generation, they are not without
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limitations. Issues such as cost, complexity, and
maintenance requirements have prompted the exploration of
alternative tracking mechanisms. Recent innovations in solar
tracking technology have focused on leveraging advanced
materials, sensors, and control systems to develop more
efficient and cost-effective tracking solutions. For example,
novel approaches utilizing machine learning algorithms and
artificial intelligence (Al) have shown promise in optimizing
solar panel orientation in real-time, thereby maximizing
energy output.

1.5 Challenges in Solar Power Optimization

Despite the progress made in maximizing solar power
output, several challenges persist. One of the primary
challenges is the intermittent nature of solar irradiance,
which can lead to fluctuations in energy production.
Additionally, factors such as shading, dust accumulation,
and temperature variations can adversely affect the
performance of solar panels, reducing their overall
efficiency. Furthermore, the integration of solar power into
existing energy grids poses technical and regulatory
challenges, requiring robust infrastructure and policy
frameworks to facilitate seamless integration.

1.6 Opportunities for Solar Power Integration

Despite these challenges, solar power integration presents
significant opportunities for enhancing energy security,
mitigating climate change, and driving economic growth.
The decentralization of energy production through
distributed solar systems can improve resilience and
reliability, reducing reliance on centralized power plants.
Moreover, solar energy has the potential to create new job
opportunities, stimulate innovation, and spur investment in
clean energy infrastructure. Furthermore, progress in energy
storage technologies, such as batteries and pumped hydro
storage, is enhancing grid flexibility, thereby easing the
incorporation of intermittent renewable energy sources like
solar power.

1.7 Policy and Economic Considerations

Government policies and economic incentives are pivotal in
fostering the adoption and investment in solar power. Many
nations have introduced measures such as feed-in tariffs, tax
incentives, and renewable energy targets to promote the
installation of solar energy systems. Furthermore, the
declining cost of solar photovoltaic technology, driven by
economies of scale and technological advancements, has
made solar power increasingly competitive with
conventional energy sources. Consequently, solar power has
become economically competitive in numerous areas,
further encouraging its widespread deployment.

2. MODELING PHOTOVOLTAIC PANELS

A typical representation of a solar cell employs a model
comprising a current source alongside an inverted diode
connected in parallel. This model effectively describes how
the solar cell generates electrical current in response to
sunlight exposure. Additionally, the cell possesses series and
parallel resistances, each serving distinct purposes in the
cell's operation.

The series resistance emerges due to impediments
encountered by electrons during their journey from the n-
type to the p-type junction within the cell. Conversely, the
parallel resistance is attributed to leakage currents, which
can occur due to various factors.

When solar irradiance strikes the surface of a photovoltaic
(PV) cell, it initiates the generation of an electric field
within the cell. This field facilitates the separation of
positive and negative charge carriers within the cell's
absorbing material, typically formed by the junction of n-
type and p-type semiconductor layers.

As illustrated in Figure 3, this separation process enables the
creation of a current within the cell, which can then be
utilized in an external circuit. The generated current's
magnitude varies directly with the incident radiation's
intensity. Essentially, higher light intensity levels lead to
more electrons being liberated from the cell's surface,
consequently boosting current generation.

light source

Z

/photon photon / photon

electron flow

front electrode

‘. electron
)

p-n junction

back electrode

Fig 1. Schematic Cross-Section of a Typical Solar Cell

The precision of simulating photovoltaic (PV) systems
greatly depends on the accuracy of the PV cell model.
Modeling a PV cell involves precisely estimating its current-
voltage (I-V) and power-voltage (P-V) characteristics to
replicate real-world behavior under varying environmental
conditions.

In an ideal situation, a solar cell is depicted as a current
source connected in parallel with a diode. Nevertheless, real
solar cells deviate from this ideal behavior, necessitating the
inclusion of additional elements in the model. Figure 2
demonstrates this concept by integrating shunt and series
resistances into the model.
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These additional components account for practical factors
affecting the performance of the PV cell. The series
resistance reflects hindrances encountered by electron flow
within the cell, while the shunt resistance represents leakage
currents. Integrating these resistances into the model enables
a more accurate depiction of the PV cell's behavior under
diverse operating conditions.

Fig 2. Equivalent Circuit of PV Cell

The current Ipv source within the model represents the
photocurrent of the cell, while Rsh and Rs signify the
inherent series and shunt resistance of the cell, respectively.
Typically, Rsh has a significantly large value, while Rs has a
very small value, making them negligible for simplifying
analysis. As a result, the ideal voltage-current behavior of a
photovoltaic cell can be described by the following equation
and is illustrated in the accompanying figure.

I=Iph-ID

I=Iph-10[exp (22E) — 1] - 22
Where,

Iph = photocurrent,

ID = diode current,

10 = saturation current,

A = ideality factor,

g = electronic charge 1.6x10-9,
kB = Boltzmann’s gas constant (1.38x10"-23),

T = cell temperature,

Rs = series resistance,

Rsh = shunt resistance,

| = cell current,

V = cell voltage
The power output of a solar cell is given by
PPV = VPV * IPV
Where,

IPV = Qutput current of solar cell (A).
VPV = Solar cell operating voltage (V).
PPV =Qutput power of solar cell (W).

Below is the power-voltage (P-V) characteristic of a
photovoltaic module operating under standard conditions
with an irradiance of 1000 W/m2 and a temperature of 25°C.

POWER

---_—-.:}

F

VOLTAGE

Fig 3. The Power-Voltage (PV) Characteristic of a
Photovoltaic Module.

3. ALGORITHM FOR MAXIMIZING POWER
POINT TRACKING

A standard solar panel typically transforms merely 30 to 40
percent of incoming solar radiation into electrical power. To
enhance efficiency, Maximum Power Point Tracking
(MPPT) technique is employed.

Per the Maximum Power Transfer theorem, the power
output of a circuit reaches its maximum when the Thevenin
impedance (source impedance) aligns with the load
impedance. Hence, the task of tracking the maximum power
point can be seen as a challenge of achieving impedance
matching.

A boost converter is employed on the source side, linked to
the solar panel, to elevate the output voltage for diverse
applications like motor loads. By tuning the boost
converter's duty cycle appropriately, the source impedance
can be aligned with the load impedance.

3.1 Perturb and Observe

The Perturb and Observe (P&O) method stands out for its
simplicity. It relies solely on one sensor, the voltage sensor,
to monitor the PV array voltage. This results in reduced
implementation costs and simplified setup. Although this
algorithm has low time complexity, it tends to overshoot the
MPP and continues perturbing in both directions when it
gets very close to the MPP. To tackle this concern, one can
establish suitable error thresholds or integrate a wait
function, thereby elevating the algorithm's time complexity.
However, P&O does not account for rapid changes in
irradiation levels, erroneously interpreting them as changes
in MPP due to perturbation. To mitigate this problem, the
incremental conductance method can be employed.
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Figure 4. Flowchart of Perturb & Observe Algorithm

4. SIMULATION RESULTS

Construction of PV Module Using MATLAB
TABLE 1. Solar Cell Parameters [13]

Parameter Variable |Specifications
Open Circuit Voltage VOC 40.4 Volts
Short Circuit Current ISC 10.11 Amps
Current at MPP Im 9.4614 Amps
(Calculated)

Voltage at MPP Vm 34.0013 Volts
(Calculated)

Diode Saturation Current Id 300 nano-

Amp

Power at MPP (Calculated) Pm 321 watts
Diode Ideality Factor n 15
Number of solar PV cells in N 60

a panel
Thermal Voltage Vi 0.0259 Volts

=

PV Module

Product PV

Fig-5: Construction of PV Module (Main Block) using
MATLAB
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Fig-7: PV characteristics

In the depicted figure, the maximum power, reaching 305
W, is attained at 31V with a current of 10A.

Output at 800W/m? Irradiance for 25°

B

Constant

Constant! @
PV Modue X I

Product Py

Fig. 8: Construction of PV Module for 800W/m? Irradiance
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Fig-10: PV characteristics

From the above figure maximum power is 237 W which is
obtained at 30.3V. The current is 7.7A

Output at 600W/m? Irradiance for 25°

Constant L

|

Constant!

-
PV Module X

Product PV

Fig-11: Construction of PV Module for 600W/m? Irradiance
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Fig-12: IV characteristics
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Fig-13: PV characteristics

From the above figure maximum power is 175 W which is
obtained at 29V. The current is 6.017A

Table 2. Power, Voltage and Current values at 25 degrees

Celsius
Irradiance Power Voltage
, Current (4)
(W/m) (W) V)

1000 305 31 10
950 280 29.3 5.54
900 262.5 29 5.068
850 250 29.41 8.5
300 237 30.3 7.7
750 225 30.4 7.4
700 200 28.4 7.03
650 187 28.41 6.58
600 175 29 6.017

© 2024, IJSREM | www.ijsrem.com

Page 5



http://www.ijsrem.com/

&gi 5y

International Journal of Scientific Research in Engineering and Management (IJSREM)

lJSREM;g
W Volume: 08 Issue: 05 |May - 2024

SJIF Rating: 8.176

ISSN: 2582-3930

350 T

PV Characteristics

IV Characteristics
T

—— 950W/im2
—— 900W/m2
e 850W/M2
—— 800W/M2
750Wim2
—— 700W/m2
— 650W/m2
—— 600W/m2
—— 1000W/m2

300~

250~

N

S

S
T

Power (W)
N
@
8
T

100~

T T T

T

L

I
10 15 20
Voltage (V)

25

30 35

Fig-14: Influence of the various ambient irradiation on the

PV cell (PV Plots)

Current (1)

40

Fig-15: Influence of the various ambient irradiation on the

20 25
Voltage (V)

PV cell (1V Plots)

Table 3. Power, Voltage and Current values at 30 degrees Celsius

30

Irradiance (W/mz) Power (W) Voltage (V) Current (A)

1000 290 29 10.1
950 270 28.42 9.5
900 250 27.7 9

850 230 27 8.5
800 210 26.25 8

750 190 25.3 7.5
700 170 24.28 7

650 160 24.61 6.5

600 150 25 6

Output at different Irradiance for 30°
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Fig-16: Influence of the various ambient irradiation on the PV cell (PV Plots)
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Fig-17: Influence of the various ambient irradiation on the PV cell (IV Plots)

5. CONCLUSION

Testing the PV panel under different temperature and
irradiance conditions unveiled significant variations in
power output. Specifically, at 25 degrees Celsius, the
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