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Greenhouse gases emission have become a worldwide issue. Various
research and development studies have been carried out to mitigate the
damage caused by global warming to the environment. The number of
applications of solar and wind energy in various hybrid structures has greatly
expanded. Planning the amount of space necessary for solar and wind energy
system installations is one of the most difficult aspects of these energy
systems. A novel generation rotary energy system (RES) is proposed in this
paper for places with high solar and wind energy potential. By supplying
energy demand from a hybrid construction, space will be saved. Solar panels
are mounted on the side surfaces of RES. The designed controller for the
RES has recorded the power produced by the RES by operating it at various
rotational speeds in experimental studies on the roof of Adana Alparslan
Turkes Science and Technology University (ATU). The RES that has been
developed is intended to be integrated into high-rise buildings. According to
the results of the experiments, the RES has a great deal of potential to
become an industrial product, if it can be manufactured at higher power
levels.

Gelistirilmis Performans ve Tasarim Ozelliklerine Sahip Yeni Nesil Bir PV Panel Destekli Hibrit

Doner Enerji Sistemi
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Yenilenebilir enerji
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Binaya entegre fotovoltaik
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Sera gazlart emisyonu diinya ¢apinda bir sorun haline gelmistir. Kiiresel
isinmanin  ¢evreye verdigi zarar1 azaltmak igin yenilenebilir enerji
kaynaklaria dayali enerji sistemleri gelistirilmelidir. Cesitli hibrit yapilarda
glines ve riizgar enerjisi uygulamalarinin sayist 6nemli Olglide artmistir.
Giines ve riizgar enerjisi sistem kurulumlari igin gerekli alan miktarinin
planlanmasi bu enerji sistemlerinin en zor yonlerinden bir tanesidir. Bu
makalede, gilines ve riizgar enerjisi potansiyeli yiiksek yerler i¢in yeni nesil
bir doner enerji sistemi (DES) onerilmistir. Enerji talebini hibrit bir yapidan
karsilayarak yerden tasarruf saglanacaktir. DES igin tasarlanan kontrolcii,
Adana Alparslan Tiirkes Bilim ve Teknoloji Universitesi (ATU) catisinda
yapilan deneysel calismalarda DES'i ¢esitli donme hizlarinda ¢alistirarak
irettigi giici kaydetmistir. Gelistirilen DES'in yiiksek binalara entegre
edilmesi amaglanmistir. Deneylerin sonuglarina gore, DES daha yiiksek giic
seviyelerinde iiretilebilirse endiistriyel bir iiriin olma potansiyeline sahiptir.
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1. Introduction

Energy is a necessary phenomenon for human life to continue in a safe and comfortable manner. The
dependency and need of people for energy are clearly observed in every aspect of our lives. Energy
means almost the same as oxygen to survive for humans. More energy supply is evaluated as an
advanced indicator for the countries. Today, there are many different ways to meet energy needs with
new technological developments. Energy demand has become an important criterion for measuring the
level of development of countries (Tasaki et al., 2021). Improvements in environmental technologies
play a significant role in reducing the energy use of developed countries. These countries should
consider environmental technologies when developing energy-saving policies (Paramati et al., 2022;
Zywiotek et al., 2022). Alternative energy production systems such as hybrid solar and wind energy
systems have emerged to provide energy demand. Although wind and solar energy are
environmentally friendly, unfortunately, these energy sources also have disadvantages. In order to
minimize the disadvantages of solar and wind energy, hybrid energy systems created using these two
renewable energy sources are recommended. Many studies have been carried out on size-cost
optimization algorithms, techno-economic analysis and power electronics converter topologies to
ensure maximum efficiency from hybrid energy systems (Khan et al., 2018; Roy et al., 2022). To
solve the power quality problems that occur in hybrid energy systems, optimum sizing studies should
be performed (Badwawi et al., 2015; Jayasankar and Vinatha, 2016). The fluctuations of energy
production in renewable energy can be mostly occurred in one day. In order to eliminate this problem
studies focusing on subjects such as Maximum Power Point Tracking (MPPT), solar and wind power
prediction are seen in literature (Calcabrini et al., 2019; Shuvho et al., 2019; Singh and Mohapatra,
2019). Furthermore, solar radiation estimation, cost analysis and optimization algorithms has been
working on among the most studied topics. The main purpose of these studies is to increase the energy
efficiency from solar and wind energy systems.

Many research and development studies have been carried out on solar and wind energy systems to
improve the performance of these energy sytems. Successful integration of the photovoltaic (PV)
energy system and the swirling wind turbine energy system has been achieved. The vertical axis wind
turbine used in this new energy system has a helical three-blade. Performance results of helical blade
models with six different twist angle angles were observed. According to the analysis results obtained,
the proposed system has 69% efficiency and the optimum rotational speed range has 67 kW output
power at 30-34 revolutions per minute (rpm). In addition, the proposed system is presented to be more
economical than the single PV energy system (He et al., 2019). In China, use of a photovoltaic energy
system and an energy storage method are provided as an auxiliary power source to meet the energy
needs of a passenger train. The control of this auxiliary power system are examined in detail. Energy-
saving and emission reduction are clearly observed with the proposed system (Wei et al., 2016). In

order to improve the performance of photovoltaic energy systems under partial shading conditions, a
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new analytical model is proposed considering the effect of both series and shunt resistance. According
to the obtained data, the reliability of the developed analytical model has been demonstrated. It has
also been proven that it can be used to model grid-integrated photovoltaic energy systems (Vankadara
et al., 2022). As a result of overheating of solar PV panels, panel efficiency decreases so various
studies are carried out to increase the energy produced by keeping the panel temperature at an
optimum level. Due to the rapidly increasing global water crisis, strategies are being developed to
ensure environmental sustainability. (Khan et al., 2022). A novel application in which water in reverse
osmotic systems is used to cool PV panels has been proposed in the literature. The payback time,
electrical and thermal performance of the solar energy system in the solar PV panel-supported reverse
osmotic system have been investigated experimentally (Talebnejad et al., 2022). Inadequate insulation
systems in buildings directly affect energy consumption. The effects of the integration of the solar PV
panel with the most suitable insulation system according to the roof structure on the energy
consumption of the buildings are examined in detail. In addition, it is concluded that the shadow of the
PV arrays on the roofs reduces the consumed energy for cooling by 17% in the summer period
(D’Agostino et al., 2022). Partial shading conditions are one of the most important problems that
negatively affect the power produced in solar PV energy systems. To eliminate the situations where
this problem arises, a comprehensive review of recent MPPT techniques is presented. According to the
use of various MPPT methods, the reduction rates of power losses are examined comparatively
(Mishra et al., 2022; Jalil et al., 2022). Hybrid MPPT algorithms are widely recommended to improve
the performance of maximum power tracking techniques. The performance of a hybrid algorithm
consisting of a combination of Harris Hawk optimization and traditional Perturb and observe (P&QO)
algorithms is observed in MATLAB software in different weather conditions. The performance of the
developed hybrid algorithm is compared with four different algorithms and the superiority of the
proposed algorithm is presented in detail (Hafeez et al., 2022). It is observed that the performance of
the MPPT algorithm is increased by modifying the traditional MPPT algorithms introduced in the
literature. A modified P&O algorithm has been developed to improve the MPPT efficiency in
photovoltaic panels. The PV system tracking efficiency of the proposed algorithm, which reaches
99.7%, has been proven in MATLAB by comparing it with traditional MPPT algorithms (Ali et al.,
2022). In order to utilize solar energy with maximum efficiency, performance results of ten different
MPPT algorithms have been compared and presented in detail. In addition, it is explained that solar
energy is an indispensable energy source for our future. The optimized Incremental Conductance and
P&O algorithms are clearly observed in terms of their cost and performance. Also, MPPT systems are
compared in terms of cost (Faranda et al., 2008). The effect of the developed control algorithm and the
P&O algorithm on the output power of the PV panel is presented comparatively. The results obtained
provide high gain with the proposed transducer and quickly track maximum power point in moving
partial shading conditions (Raizada and Verma, 2018). The design and performance analysis results of

a new energy system consisting of rotational PV panels are performed. The availability of this system
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has been observed in supplying the energy need for buildings. The efficiency of the proposed new
design PV system under different artificial light has been tested. Among the seven different artificial
lights, Metal Halide Lamp has artificial light that increases the efficiency of the proposed system the
most. High-pressure sodium lamp has the lowest artificial light performance in obtaining energy from
the proposed system (Bagheritabar et al., 2018). For the hybrid energy system at maximum efficiency,
an MPPT controller is developed. Thus, the power quality problem caused by loading and ambient
conditions is minimized. Simulation results obtained from MATLAB software and the effects of the
designed controller on the hybrid energy system are presented in detail (Sharma et al., 2018).

The main aim of this paper is to present an effective hybrid RES in places with high solar and wind
energy potential. The design and manufacture of the developed system are discussed in detail in the

following sections of the paper.

2. Material and Method

Hybrid energy systems, in particular, can be made up of various structures that combine solar and
wind energy. Hybrid energy system topologies vary depending on whether the loads are alternating
current or direct current. The 1-V characteristics and efficiency of PV panels are based on
mathematical modeling of PV cells. The equivalent circuit model of the solar cell was presented by
Lorenzo in 1994 (Lorenzo, 1994). Single-diode mathematical model of a PV cell is shown in Figure
1.

M
ﬁ Iy L I

Figure 1. Mathematical modeling of PV cells with one diode

The I-V characteristic of a solar cell is basically the practical model of PV cell based on Equations (1)
and (2) below.

Ipy = Igq [exp (q',l:;v - 1)] 1)
R e ®
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where ideality factor is (n), series resistance is (Rs), parallel resistance is (R;), Boltzmann constant is
(k) (1.381x10% J/K), electron charge is (q) (1.602x10™ C), and solar cell temperature is (T). Equation

(3) can be utilized to express the solar cell voltage by using Equation (2). Also, (R,) has been ignored.

k.T I +141—-1
VPV = nq ln [ L ;idll PV] - RS' IPV (3)

In the solar cell module, the number of serial cells is expressed as Ns and the number of parallel cells is
expressed as N,. Figure 2 illustrates the equivalent circuit model for various PV cell configurations.

Serial cells are increased in order to increase the voltage level in PV modules.

gj\,%\[% ~ : R

Figure 2. Solar cell module electrical equivalent circuit with diode in series/parallel

The total current and voltage expression of the solar cell module whose equivalent circuit is as in

Figure 2 is shown in Equation (4) and Equation (5), respectively.

Ipy = Np.Ig — Np. Iy [exp (q (V;l + M) k.T. A) - 1] — (%2 4 1y R,) /R, (4)

Np N

I +lg1—Ipy+Np

Ngnk.T N
Vpy = T; ln[ ] _N_pRs-IPV ®)

Iq1.Np
where A is area of cell, the output current of the solar cell module is Ipy and the output voltage of the

solar cell module is Vpy.

There are many critical parameters that affect the efficiency of photovoltaic energy systems. These
parameters include shading, dusting, reflection, humidity, temperature, panel location, panel angle, air
pollution, environmental factors, location, and panel cleaning. To obtain maximum efficiency from
solar energy, the effects of these parameters on solar energy systems should be examined in detail.
Because the changes in these critical parameters directly affect the amount of energy to be obtained
from solar energy systems. Temperatures rises are undesirable in PV energy systems. As shown in
Figure 3, special air ducts and the rotation movement of the RES has been prevented the panels from

overheating.
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Figure 3. The special air ducts of the RES

The some parts of prototype are produced utilizing 3D printer. The production method has been made
more cost-effective. Moreover, the RES is made up of lightweight components. The RES is 210 mm in
height and 295 mm in diameter. Number of ten solar panels have been integrated on the RES at certain
intervals. During rotational motion, the wires of the panels installed on the developed RES become
entangled. To overcome this problem, a slip ring was used in the RES. The RH50.S0605 hollow shaft
series slip ring for RES has been used. Figure 4 illustrates the dimensions for the slip ring utilized in
the RES. The successful integration of RES components produced by 3D printer with PV panel and
slip ring is presented in Figure 5.

Output of Stator Cable Outpat of Rotor Cable
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Figure 4. Dimensions of the slip ring
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Figure 5. The proposed RES

In experimental studies, the controller interface controls the rotational speed of the RES. The rotating
speed of RES can be adjustable up to 100 rpm. Thanks to the developed controller, the graphics of
current and voltage values are created instantly in controller interface. In this way, these values of the
RES can be observed at the time. Figure 6 illustrates the controller and controller program's interface.
The "RS-232" serial communication provides data flow between the developed program and the
proposed RES. In this serial communication, the program interface receives the output voltage and
current data of the rotary system. Rotational speed (rpm) data is sent to the controller through the
program interface. This program shows the time-dependent graph of the current and voltage values it
receives. The received and sent data are recorded in the Comma Separated Values (CSV) format.

Thus, this data can be used in data processing programs such as Matlab, Excel, etc.

RESET

(b)

Figure 6. (a) The controller of the RES (b) the controller program's interface
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3. Results and Discussion
The performance analysis are conducted to assess the prototype system's reliability and efficiency
under various climate conditions. The proposed RES has been installed on the roof of the ATU as
shown in Figure 7.

Figure 7. The experimental setup consisting of RES, controller and PLC measuring station

The controller of the RES has recorded output power, current, and voltage data with one-second
logging interval. The RES's data curves at O rpm, 10 rpm, 50 rpm and 100 rpm are shown in Figure 8,
respectively.

200

Time (min)
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Figure 8. The RES's current and voltage curves at 0 rpm, 10 rpm, 50 rpm and 100 rpm, respectively.
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The PLC measuring station collects data the solar radiation and ambient temperature in the
experimental studies. These data have been instantly examined from the Human-Machine Interface
display in the PLC measuring station. The solar radiation and RES's output power values under
various climate conditions are given in Table 1. It is observed that the lowest and highest solar
radiation values at the experimental studies are 110 W/m? and 1210 W/m? respectively. According to
the experimental results, the effect of rotation speed up to 50 rpm on the output power could not be
observed significantly. The highest output power is measured 1.8067 W at 100 rpm and 1089 W/m?.

Table 1. The solar radiation and output power values of the RES.

Rpm Solar Radiation (W/m?) RES Output Power (W)
0 1155 1.6120
10 1210 1.7893
50 1035 1.7777

100 1089 1.8067

As dusting on the solar PV panel surface and panel temperature directly affect the energy produced
these two parameters are of vital importance in solar PV panel applications. A RES has been
developed to minimize these two problems. Thanks to the rotation movement creating a natural
cooling effect, heat accumulation on the surface of the Solar PV panel is prevented. Moreover, as a
result of the rotational movement of the proposed RES and the position of the PV panels on RES, dust
accumulation on the PV panels is prevented. Thus, it has been observed that in the developed RES,
these problems are overcome by rotational motion. The RES in the coming years will be designed at

higher power levels and will contribute to daily energy consumption in homes.

4. Conclusion

Energy demand has increased with the rapid growth in technological developments in recent years.
Carbon emissions increase significantly due to energy production systems based on fossil fuels to meet
the energy demand. To overcome this negative situation should be studied environmentally friendly
energy systems by developing energy systems based on renewable energy sources. This paper, it is
aimed to bring a novel rotary hybrid system to the literature and to provide the necessary data for the
transformation of this prototype into a product. It is presented that the design and manufacturing of
RES. The 3D printer technology is used in the manufacture of the proposed RES. As a result, low cost,
lightness, extended life, and reliability are all guaranteed. A detailed evaluation has been made thanks
to the data obtained from experimental results. Experimental studies of the RES at operated different
rpm have been performed to observe the effect of the rotation speed on the output power between 110
W/m? and 1210 W/m? solar radiation. It's likely that the RES will be developed into a commercial

product with more power levels.
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