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Fig. 2 BIPV systems (Biyik et al., 2017)
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Fig. 20 Basic Module 1 m2

Fig. 22 Horizontal zigzag

Fig. 24 Miura 1 Pattern
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Fig. 21 Basic module with optimum slope

Fig. 23 Vertical zigzag

Fig. 25 Miura 2 (PVs are put on 2 lower sides which
incline upward)
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Table 2: Simulation Result

Samples KWh KWh/m? Radiation in The rate of increase relative to the
Radiation 1 m? basic module%
Basic Module 1352,84 - -
Basic Module with 1222,23 1222,23 -10 %
optimum Slope
Horizontal Zigzag 1470,58 1445,74 6.81 %
Vertical Zigzag 1406,69 1405,42 3.44 %
Miura 1 Pattern 1369,90 1422,09 5.17%
Miura 2 Pattern 1503,28 1506.39 11.39 %
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Fig. 26 Angles of miura 2 pattern
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Objective and Background: According to statistics published in the field of energy,
today, buildings are known as the largest consumers of energy. Hence, the
technological advances in the field of construction increasingly focus on new solutions
to reduce energy consumption in the building sector. Achieving environmentally
friendly solutions in order to move towards sustainable development in the field of
architecture has been considered by architects and designers. Using adaptable
technologies in building shells for the use of renewable energy is an important solution.
As one of the most important sources of renewable energy, the sun has a small share in
producing clean energy in the building section so far. But in recent decades, scientists
and designers have increasingly focused on this clean source of energy. One of the new
ways to benefit from solar energy is the use of photovoltaic panels. Shells consisting of
photovoltaic panels that generate electricity from sunlight are recognized as an essential
solution to reduce the use of fossil fuels. The use of low-cost and effective techniques
in the field of architecture has contributed significantly to the improvement of the
construction process.

Methods: This study aims to investigate the effect of using folding techniques to
choose the best angle of position for photovoltaic panels used on building facades to
increase the solar radiation by using parametric (Grasshopper) and energy (Ladybug)
simulation software. After a general analysis of different types of origami methods and
the cases used in the construction industry, and the natural forms, four patterns were
selected as the basic modules for further study and modeling by the Ladybug plugin in
Grasshopper software. Based on the defined and conventional criteria (constructability,
without shading, setting toward the sun), these samples could be used on vertical
facades of buildings. The base module that can be placed on the vertical facade was
modeled, and an extra module was defined based on the literature review on the optimal
angle in Tehran latitude to maximize the received solar energy.

Findings: A total of 6 final samples were prepared to be simulated. The simulated
modules were optimized based on a genetic algorithm using the Galapagos plugin to
find the optimal position for receiving maximum solar radiation. This optimization was
actually done based on the form parameters to find the most optimal form (a
combination of angle and slope). This study seeks to answer the research questions:

* This article is derived from the first author's doctoral thesis entitled " Design of Algorithmic /
Parametric Shells to Increase the Efficiency of Solar Power Generation Using Photovoltaic
Panels”, supervised by the second and third authors, at International University Of Imam
Khomeini, Qazvin.
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How can the solar radiation received in photovoltaic panels be increased by using
geometric patterns based on the origami technique? In other words, how can the solar
radiation be increased by changing the geometric arrangement of the photovoltaic
panels according to the daily and annual solar movement patterns? The present study
showed that the efficiency of photovoltaic panels is not improved only by using
expensive technologies and solar trackers. The factor of change in solar radiation,
which is the most important factor in receiving solar radiation during short and long
periods of time, can be adjusted by accessible techniques such as the origami technique.
In other words, by changing the angle of photovoltaic panels using computer
technologies based on the solar movement, more solar energy can be received from
radiation. This study shows that changing the arrangement of different photovoltaic
panels using the origami technique compared to the base module on the southern facade
can increase the received solar energy. The change of forms can increase the produced
electrical energy from 3.44 and 11.39%.

Conclusion: According to this research, V-shaped (zigzag) modules can absorb more
solar radiation due to the larger photovoltaic panels area. Although the amount of solar
radiation per unit area decreases, their use is logically justified when the available
surface area is limited. Also, the use of modules made with the help of the Miura
origami method showed that it is possible to receive more solar radiation to some extent
without using solar trackers or moving views at an economical cost because the
different sides of these patterns are more able to absorb radiation over a long period of
time (due to the variable daily and seasonal solar movement patterns).

Key words:

Photovoltaic Panels, Origami Technic, Energy Simulation.
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