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tracker and bifacial panels, as well as the improvement in the basic elements of a
solar photovoltaic system and power plant, are discussed. By performing mechanical
calculations and modeling, the structure's weight has been reduced to the lowest
possible value for a 5 kW solar power plant under the research conditions. Also, by
simulating the photovoltaic system in four different modes with PVsyst software, it
has been shown that the amount of extracted energy for the mode where the Bifacial
panel and solar tracker are used is 22.5% more than the first mode. In the end, by
conducting economic studies and the obtained parameters, it was concluded that the
investment cost and the annual extracted energy of the fourth state (the proposed
plan of the current research) are 7.1% and 2.4% higher than the second state. A
photovoltaic system with a bifacial panel and a moving structure (tracker) has more
efficiency and energy extraction than the first case (one-sided panel and a fixed
structure).
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Introduction

Iran is considered to be one of the richest countries in the world in terms of having various energy
sources, and in addition to the existence of vast non-renewable resources such as oil and gas, it has a
lot of potential for renewable energies such as wind, sun, etc. The grand plan of the Islamic Republic
of Iran is the optimal use of fossil energy sources and the promotion of the utilization of various
renewable energy sources to provide a part of the country's ever-increasing energy needs. A solar
photovoltaic system includes three main parts of the structure, solar panel and electrical equipment
(including inverter, controller, cable and connections, etc.). In general, the factors affecting the
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efficiency of solar power plants (based on photovoltaic panels) in a specific geographical area can be
summarized in four groups. a) Environmental factors, b) Factors related to equipment manufacturing,
c) Factors related to installation and commissioning, and d) Factors related to operation and
maintenance. In the introduction section, the current article started with a foreword about the
importance of renewable energies, and then the factors affecting the efficiency of solar photovoltaic
systems were discussed. By simultaneously focusing on the two mentioned factors, i.e. the solar
tracker and the bifacial panel, the subject of the research was explained. Photovoltaic system mode
with bifacial panel and movable structure is compared with other three modes and the results are
expressed.

Research Method

In this section, firstly, the calculation of the theoretical method is discussed, then the design of the
structure modeling with the SolidWorks software and the simulation of the photovoltaic system with
the PVsyst software are discussed. In the simulation section, a location of Tehran city (details will be
given in the next sections) has been selected as the study location. Two modes of a photovoltaic
system, one with a fixed structure and one-sided panel, and the other with a moving structure and
bifacial panel, are compared.

The two software used in this research are the most reliable and commercial. Solidorex is a
computer-aided design software that is used to draw, design, and assemble 3D models of mechanical
parts. Today, millions of engineers in many fields use the capabilities of this software to build simple
to advanced models. PVsyst is also an application software in the field of designing photovoltaic solar
systems; which allows the designer or user to create the solar power plant in detail.

For proper analysis and comparison, 4 modes have been considered for the photovoltaic system.
The first to fourth modes are one-sided panel with fixed structure, one-sided panel with movable
structure, Bifacial panel with fixed structure, and bifacial panel with movable structure, respectively.
The parameters obtained from the simulation include the amount of extracted energy, performance
rate, ambient temperature, and global horizontal radiation.

Discussion and Conclusion
Considering that Iran is one of the rich sources of energy resources, it can use solar energy storage and
reduce energy resources. To increase the utilization of solar power plants, attention to new
technologies and equipment improvement is needed. The use of double-sided panels and solar trackers
are important solutions to increase energy production. By increasing efficiency and energy production,
these technologies can contribute to the overall goal of the country in using energy resources. This
article examines and analyzes the increase in efficiency and energy extraction of a solar photovoltaic
system due to improvements in the two parts of the structure and the solar panel. At the same time, in
the structure part, a tracker structure is used, and in the solar panel type, a bifacial panel is used. Then,
by performing mechanical calculations and modeling the structure and components, the weight of the
structure was obtained, and with the redesign, it reached the lowest possible weight for the mobile
structure of a 5 KW solar power plant. The base of the structure in the lowest state is 306 kilograms
weight and the mold on the base is 150 kilograms weight, which is a suitable number considering the
steel material and the tolerance of the number of 10 panels on the mold. Also, the simulation of the
photovoltaic system was done in four modes as follows: 1) the first mode: one-sided panel with a fixed
structure, 2) the second mode: one-sided panel with a tracker, 3) the third mode: bifacial panel with a
fixed structure. and 4) the fourth mode: bifacial panel with tracker. The fourth mode is the proposed
design of the current research. The annual amount of extracted energy in the first to fourth states was
8568.85, 10797, 9209.1, and 11059 kWh, respectively. This shows that the amount of extracted energy
of a solar power plant with a capacity of 5 kW in the conditions of the research, for the case where the
bifacial panel and solar tracker are used, is 22.5% more than the first case.

The investment cost and the annual extracted energy of the fourth state (the proposed design of the
present research) are more than the second state, 7.1% and 2.4%.
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1. Energy Injected into Grid
2. Performance Ratio (PR)
3. Global Horizontal Irradiation (GHI)
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1. Net Present Value (NPV)

2. Internal Rate of Return (IRR)
3. Payback Period

4. Return On Investment (RO)
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