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Abstract

This paper's focus is on improving photovoltaic (PV) panel electrical efficiency in tests conducted indoors.
Solar radiation and operating temperature are two environmental parameters that affect how well a PV panel
performs. Due to an increase in operating temperature, these climatic conditions will decrease the electrical
efficiency of PV panels. To elevate bulbs, a steel frame with a solar simulator is employed. The lights mimic
natural sunshine. Tests of solar collectors conducted indoors are crucial because they may be repeated under
controlled conditions, allowing for the optimization of the collectors using the same input energy and losses.

In the study and advancement of solar photovoltaic, solar thermal, and built environments, solar
simulators are essential tools. The main criteria for creating a solar simulator are producing uniformity in the
spatial, temporal, and spectral radiation distribution in order to match solar radiation as nearly as feasible in
the laboratory setting.The development of a solar simulator for use in research and education is discussed in
this study. By adjusting the temperature and irradiance, simulation analysis of solar modules is performed
under various environmental circumstances. Photovoltaic cell output power efficiency is determined by the
simulation model. This research's findings can be applied in the future to forecast the needed output power
and to recommend the best photovoltaic cell connections for India’s various climates.

1.Introduction

Systems using renewable energy have a big edge when it comes to the world's politics, economy, and ecology
[1]. By the middle of the twenty-first century, it is predicted that renewable energy sources would make up
two fifths of the global fuel market and three fifths of the global electricity industry. Additionally, the transition
to a renewable energy economy will have important environmental and other benefits that cannot be measured
in terms of money. By 2050, carbon dioxide (CO2) emissions are expected to be 75% lower than they were in
1985, thanks to widespread adoption of renewable energy sources and efficient energy use [2].

According to the International Energy Agency (IEA), 2019 there were around 509.3 GW of solar PV
installations worldwide in 2018. For the past ten years, it has grown steadily in the upward direction. The

ability to estimate solar power performance is more crucial than ever because it facilitates speedy system
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design and ongoing dissemination (Shen et al., 2018; Arefifar et al., 2017). The power production of a PV
system is significantly influenced by the solar resource of the installation location as well as other factors like
temperature and wind speed (Gokmen et al., 2016; Bana and Saini, 2016).

Very poor electrical efficiency of PV cell conversion is one of the primary challenges that the PV panel must
overcome to operate. This is a significant impediment to scientists' and researchers' efforts to improve PV cell
electrical efficiency. The PV system's power output yield is influenced by a number of climatic variables,
including solar radiation, operational temperature, and the condition of the PV panels (age, cell type,
cleanliness, etc.) [4]. Solar radiation has a significant impact on PV plant efficiency, but so does the
temperature at which the panels are working [5]. Low electrical efficiency of PV cell conversion is a result of
overheating brought on by high operating temperatures and intense solar radiation. This is due to the PV panel
only converting 15% of the solar energy into electricity and the remaining 85% into heat. In terms of producing
electricity, solar renewable energy technologies are more environmentally benign than traditional energy
sources. The primary factor affecting a PV cell's output characteristic is solar insolation. The current voltage
and power-voltage characteristics of a PV module will be nonlinearly affected by changes in solar irradiation

and cell operating temperature [6].

The study reported in this paper set out to analyse the various PV-powered lighting system components,
estimate the overall system efficiency, comprehend what influences system efficiencies, and pinpoint the best
system configurations for diverse applications. The last few decades have seen a significant amount of research
efforts aimed at increasing the output of PV modules because solar energy is mostly dependent on changes in
temperature, irradiance, and defects in the PV module [7]. The major defects in PV diagnostics are classified
as O.C. and S.C. faults in the bypass and blocking diodes, impedance faults, and partial shading faults.
Prediction and diagnosis of PV panel failures can improve performance, lower maintenance costs, and
guarantee reliability [8]. Prediction of P-V and I-V characteristics under various fault conditions is a

prerequisite for the efficient usage of PV panels and to boost system efficiency.

We describe an experimental investigation of a specific solar panel in this work. The primary feature of
this solar system is its open design, which enables natural ventilation for cooling solar cells. Angles of
inclination and two different ways are measured. To evaluate the effectiveness of this photovoltaic system and

to contrast it with natural sunshine.
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2. Methodology

The arrangement incandescent bulbs with the solar simulator is displayed . The solar simulator is set up on a
steel frame is used to lift all the bulbs. Four units of bulbs with built in reflector is attached on the solar
simulator. All the lamps can be controlled separately or in groups, to various total amounts of solar radiation.
The solar radiation can be regulated via a combination of amounts of lamp bulbs and height above the
target.For more efficient, we attached an aluminium foil inside the structure that’s traps the more temperature
and intensity.

From the exiting researches, several kinds of lamps were frequently used as the light source of the solar
simulator, such as halogen lamps, metal halide lamp, mercury vapor lamps, incandescent spot, argon arc lamp
and xenon arc lamps. incandescent bulbs are inexpensive, uncomplicated and convenient to operate and require
only easy power supply units. The halogen lamp bulb is widely used in solar beam experiments (SBE) for
solar simulator applications because it provides a very stable and smooth spectraloutput as

One unit of 200W Monocrystalline PV panels were used to convert solar energy into electrical energy

in this investigation in Fig. 1 (b)

(@) (b)

Fig. 1. (a) Schematic of experimental set-up of solar simulator and  (b) 200w Solar Panel
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Case 1: Using 100Watt bulbs(4 Bulbs)

3. Results
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CURRENT(I)

1 Date And Time(IST) Temperature(T1) Temperature(T2) Temperature(T3) Temperature(T4) Voltage(V)
PR [2022-06-25 15:03:25.946] 39 39.9 37 40 24.61
[2022-06-25 15:06:26.676] 39.9 41.9 37.9 40.9 24.39
[2022-06-25 15:09:20.356] 40.7 42.5 38.8 41.6 24.29
[2022-06-25 15:12:25.946] 41 43 40 42.8 242
S [2022-06-25 15:15:15.946] 41.8 43.7 41 44 24.29
[ [2022-06-25 15:18:45.946] 42.7 44.7 42.4 445 24.45
i3 [2022-06-25 15:21:35.946] 43.7 45.6 43.6 45.2 24.6
[2022-06-25 15:24:25.946] 44.8 46.4 44.5 46.6 24.66
({t] [2022-06-25 15:27:56.946] 45.3 47.8 45 47.9 24.74
IRl [2022-06-25 15:30:25.946] 46 48.6 46.2 49 24.85
(P8 [2022-06-25 15:33:25.946] 46.7 49.9 47 49.8 25.01
(EJ [2022-06-25 15:36:16.946] 48 50.5 48 50.7 25
LY [2022-06-25 15:39:25.946] 48.7 51.6 48.7 52 24.5
17 [2022-06-25 15:42:25.946] 49.2 52 49.6 52.9 24.1
LY [2022-06-25 15:45:25.946] 50 52.6 51 53.4 23.89
¥l [2022-06-25 15:48:25.946] 50.9 53.7 52.3 54.4 23.67
(kY [2022-06-25 15:51:45.946] 52 54.8 53.8 55 23.5
(EQ [2022-06-25 15:54:25.926] 52.5 55.6 54.5 56.3 23.35
EIl [2022-06-25 15:57:25.946] 53 56.3 55.9 57.1 23.2
[2022-06-25 16:00:59.976] 54 57.9 57.1 59 22.94
Average 46.495 48.95 46.715 49.155 24.212
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4. Conclusion

Solar collectors are tested indoors, where the testing circumstances may be controlled and repeated, allowing for
the optimization of the collectors using the same input energy and losses. In this experiment, the halogen lamp
system used as the solar simulator was successfully built and constructed. PV panel performance tests can be run

at any time, continuously, throughout the day, using a solar simulator.

5. Future Scope

When using the default test boundary , this procedure measures and analyses the energy output of a photovoltaic
system in comparison to the output anticipated from weather data, such as horizontal irradiance, ambient
temperature, and wind speed, or other data specified by the test's participants. This document does not include the
process for anticipating production.Using this approach to test solar systems' long-term performance (energy
generation) and assess how they function under all possible operating situations throughout the year will yield the
best results. Such an assessment shows that long-term predictions of system energy generation are reliable.
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The process assesses the effectiveness of the PV system performance, taking into account both the quality of the
initial installation and the quality of the plant's ongoing operation, under the presumption that the model effectively
captures the effectiveness of the system.

In this process, the actual energy generated by the solar system is measured and compared to the predicted energy
output given the weather conditions. Using a model of the PV system that will serve as the guarantee or evaluation

basis, expectations for energy production are generated. This model must be accepted by all stakeholders.

This standard's goal is to define a framework process for contrasting the measured energy generated with the energy
that is anticipated from a PV system. The test duration, data filtering strategies, data collecting, and sensor selection
are only a few of the topics covered by the framework technique. In case you missed it, the approach does not
specify a way to come up with predictions of expected energy. The test's user is free to use their own prediction
strategy. Documentation of the PV system's performance in comparison to the performance anticipated by the

selected model for the measured weather is the end result.

This test method is expected to be used in medium- or large-scale projects and is intended for grid-connected solar

systems that comprise at least one inverter and the related gear.

Concentrator (> 3X) photovoltaic systems are not the intended use of this procedure, but it will be investigated in

the future.

This test procedure may be used to confirm the accuracy of a model, track performance (for example, degradation)
of a system over a period of years, or to document system performance for any other purpose. It was designed with

the primary objective of making it easier to document a performance guarantee.
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