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In this paper the design stages of a mixed photovoltaic-wind energy system, supplied with solar and wind
energy was discussed. First, general information about the employed wind turbines and solar panels is given and
their basic characteristics are addressed. Then, essential information for the system setup and measurements was
given. The system setup, operation of the system, the ways to store energy and how energy is consumed were
described and the results were interpreted. This study serves as a background for the experimental studies in the
future.
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1. Introduction

When the wind and solar energy potential of our region
is considered, it is seen that the installation of a standa-
lone system, independent from the network, is very dif-
ficult and costly [1–3]. Therefore, it is thought that a
system which can use both wind and solar energy can be
more economical. In this case, the energy will be supp-
lied from the Sun on the lack of wind energy or from the
wind on the lack of sun energy [4, 5].

In this study, a wind turbine and solar panels were
placed independently in a convenient locations in labo-
ratories and near department buildings. While a large
part of the work was funded by TÜBİTAK research pro-
ject number 111E292, the rest was funded by sponsors.
One of the aims of the study is to use the built system
as an actual power source for testing the studied power
electronic systems [6].

There are also other useful reasons for building solar
panels and wind turbines as parts of an independent sy-
stem. The most important one is the difficulty of building
systems on the roof to hold the system steady in windy
weather conditions. It is easy to intervene and to take
the necessary measures in the discussed system [7].

One of the most important considerations for installa-
tion is to select the appropriate panels and turbine for
required power [8]. For this purpose, as a preliminary
study, measurements were taken from the solar panels
which would be used as the main energy source and the
amount of energy that could be received in the worst con-
ditions was calculated [9–11]. In addition, the most suit-
able turbine for the intended location was established by
examining the characteristics of the wind turbines [12].

Finally, it is aimed to use the surplus energy by storing
it in suitable batteries, and to use it later when there will
be no sufficient energy. Suitable power inverters were
added to the system to feed alternating current loads
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and it was intended to ensure an easy use of the necessary
home equipment. The system components were gathered
in an appropriate cabinet, forming a power unit. System
was arranged to use surplus energy for illumination at
nights.

2. Hybrid system introduction and installation
In this section, the technical studies of the hybrid sy-

stem, carried out in the establishment phase, which could
not be addressed in the introduction part, and the gene-
ral and technical characteristics of the system are presen-
ted. Firstly, the choice of the system location was made.
Preliminary studies and measurements of the intensity of
wind flow and solar irradiation were carried out because
there are many wooded and residential areas in the cam-
pus. Thus, the most suitable place was identified to set
up the designed clean energy home. In the next stage,
the installation of the 2.40× 4× 2 m3 container, suitable
for our purposes was carried out.

Fig. 1. The general image of realized clean energy
house.

For the designed system to fit the surroundings, the
container was covered with pictures. General view of the
designed system, in the form of a house, which was instal-
led in front of the Electrical and Electronics Engineering
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department of KTU, is given in Fig. 1. Technical infor-
mation about the established system is given in Table I.

TABLE I

Technical data of hybrid energy system.

Parameter name Value
Total power 2400 W

Solar panels power 100× 4 = 400 W
Wind turbine power 400 W
Take-off wind speed 2 m/s

Bus voltage 24 V
Battery capacitance 100 Ah

Pure sine wave inverter power 1 500 W
Modified sine wave inverter power 800 W

DC night lighting loads 150 W
Maximum air conditioning load 800 W

2.1. Presentation and installation of the employed
wind turbine

A suitable mast was selected and its installation was
carried out for the wind turbine. The wind turbine is
mounted on the mast 10 cm in diameter with the height
of 10 m. The wind turbine has weight of about 22 kg
and five wings. It can generate 400 W of output power
at rated speed and voltage.

The wind turbine is selected so that it can be capa-
ble of taking on at low speeds, since the residential area
does not get enough wind and is covered with woodlands.
Wind turbine has five wings and a value of average power
constant of CP ≥ 0.36. The rotor diameter is 1.55 m. In
addition, it works more efficiently, because it is activated
at wind speed of 2 m/s.

It is difficult to measure wind speed in different fields
and at different altitudes from the ground level during
the design steps. Therefore, the following equation was
used. In this equation, VR is the measured reference wind
speed and VT is the wind velocity, calculated theoreti-
cally, α represents the coefficient of friction [8] due to
grounds roughness.

VT = VR

(
hT

hR

)α
. (1)

Wind speed was measured three meters above the ground
as 3 m/s and coefficient of friction is selected to be
α = 0.3 for a wooded area terrain with buildings. For
these values, 10 meters above the ground wind speed is
calculated to be 4.3 m/s, using Eq. (1).

The calculated theoretical wind speed can be used to
calculate power of a wind turbine with the help of Eq. (2).
In this equation, CP is the power factor constant of tur-
bine, ρ is the air density (1.225 kg/m3), A is the area
swept by the blades and V represents the speed of the
wind.

Pavg =
1

2
CPρAV

3. (2)

In this case, for CP ≥ 0.36, ρ = 1.225 kg/m3, A =
1.88 m2, and V = 4.3 m/s, the average wind power is

calculated as Pavg = 33.6 W. This is the theoretical po-
wer which can be produced by the generator for low wind
speeds. If these calculations are repeated for V = 12 m/s
nominal wind speed, the average wind power is found as
Pavg = 716.32 W.

Fig. 2. Power produced by the wind turbine as a
function of the wind speed.

The generator of the wind turbine is a three-phase
brushless type generator with more robust neodymium-
iron magnets used as permanent magnets. The desired
power can be provided at 12 m /s wind velocity. It can
run smoothly up to wind speed of 50 m/s. The power
vs wind speed curve of the employed wind turbine is gi-
ven in Fig. 2. Here, the output power of the generator
at wind speed of 12 m/s is seen to be 400 W [12]. The
difference between the indicated average power Pavg and
the values given by the curve is due to the efficiency of
the wind turbine. This efficiency is

η =
Pout

Pavg
100% =

400

716.32
100 = 55.8%. (3)

Another feature of the wind turbine is that it can find
the direction of the wind due to its balance tail and can
operate with high efficiency, continuously. Wind turbine
is resistant to high wind speed and has a feature of tur-
ning wind energy into electrical energy. However, the
turbine should be installed in a stable location and pre-
cautions must be taken against shaking and vibration.
Therefore, turbine poles are made of poured concrete an-
chors, 50 × 50 cm2 in size and 70 cm deep. In addition,
the hinge system is made for the pole to be easily raised
and lowered. At three different points in the middle of
the pole, rope tensioning is done to provide full upright
standing and to prevent damage from wind shaking.

2.2. Solar panel installation and measurements

The other step of the installation process is mounting
the solar panels and transmission of the generated power.
The four PV panels, which have 100 W output power,
each, are mounted on an adjustable surface. The image
of the panels is shown in Fig. 3a and their connection
circuit is shown in Fig. 3b.

In the designed system, the orientation of solar panels
is not constant and can be adjusted to 15◦, 30◦, and 45◦
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angles, by means of a moving platform. From the mea-
surements and calculations it is accepted that in winter
at 45◦, in spring and autumn at 30◦, and in summer at
15◦ the solar beams impact with the solar panels under
a fairly right angle [8, 13]. The platform is also designed
to get into different configurations by connecting the PV
panels in series and in parallel. Series and parallel con-
nections are made using special MC4 connectors. A two
color wire was used for power transmission, which has
4 mm2 cross section and was specially designed accor-
ding to heat and other output effects.

Fig. 3. The solar panels, (a) mounting, (b) wiring di-
agram.

Solar panel of SUNRISE brand, model SR-
M540100 100W, having a single crystal structure,
was used for pre-measurements, to calculate solar panels
power for the regional climate conditions [10]. The PV
panels data sheet values are given in Table II and the
experimental setup is given in Fig. 4.

TABLE II

Catalog data of the employed solar panels.

Parameter name Value
Maximum power (Pm) 100 W±3%

Open circuit voltage (Voc) 24.35 V
Short circuit current (Isc) 5.51 A

Maximum power voltage (Vm) 19.80 V
Maximum power current (Im) 5.06 A
Module and cell efficiency [%] 15.6–18.43
Cell type – Si mono crystal 125× 125 [mm]

Cell number (Pcs) 40 (4× 10)
Operation temperature [ ◦C] −40, +85

The intensity of sunlight for the established experimen-
tal setup was measured with a help of Luxmeters. Howe-
ver, these values cannot be used directly because solar ir-
radiation (W/m2) and luminous intensity (lux) have dif-
ferent units. Here, a conversion factor was used between
the intensity of solar irradiation and illuminance [9, 11].
The average panel temperature was measured by mea-
suring the temperature of the upper and lower panels,
using two thermocouples.

The current and voltage of the solar panels were mea-
sured under different loads and the obtained I − V and
P − V curves are shown in Fig. 5a and b. These me-
asurements were made on different days and for lowest
lux hours the intensity of solar irradiation in sunlight

Fig. 4. The measurement and test setup of solar pa-
nels.

were determined to be 95 000 and 70 000 lux in Decem-
ber. Average panel temperature was measured as 50 ◦C
and 35 ◦C in two different measurements [7].

Fig. 5. Current-voltage (a) and power-voltage measu-
rements (b) of solar panels.

In our measurements of solar panels, the panel curves
have reached the expected catalog data, however, could
not reach the maximum power in low irradiation [14].
The amount of power for the lowest solar irradiation in a
year was found. With the increase in the irradiation, the
amount of power increases slightly [17]. Another obtai-
ned result of the measurements is that the voltage of the
solar cells maximum operating point changes between 15–
20 V. Therefore, it is impossible for the solar panels to
feed a 24 V battery directly. To eliminate the need of in-
creasing the voltage, solar panels are connected serially
or a buck-boost converter can be used.

2.3. Connection of battery and loads
After the installation of the wind turbine and the so-

lar panels, the energy should be stored in the batte-
ries and the required loads should be properly supplied.
The charge of the batteries and control of the system were
carried out by a charge controller. This controller, which
is fed by the solar and the wind power, can feed the loads
while charging [15, 16]. General connection diagram of
the entire system is given in Fig. 6.

Here are other issues that must be addressed, regar-
ding battery capacity and connectivity. Because the sy-
stem voltage and bus voltage are considered to be 24 V,
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Fig. 6. The wiring diagram of the entire system.

two dry batteries, which are 100 Amp-hours, 12 V, are
connected in series to provide 24 V bus voltage. These
batteries have energy storage capacities of 2.4 kWh. In
addition to two cables, 10 mm2 cross-section, of different
colors for the plus and minus terminals, are used to avoid
excessive voltage drop. The battery is connected in series
with the 100 A fuse, for protection against short circuits.
A monitor, along with measuring devices, other devices
and communication systems were placed inside a cabinet,
as shown in Fig. 7.

Fig. 7. Energy control cabinet (a) and a night view of
clean energy house (b).

Finally, improper usage of the stored energy and ex-
ceedingly fast discharging of the battery will damage the
system. Therefore, selection of appropriate load and over
current protection is required. In the first stage, the
energy stored in the batteries is used by selected loads,
appropriate for 24 V DC voltage. These loads are the
boards interior lighting, LED lighting, projector lighting
and interior lighting, which are all running on 24 V DC
voltage. When all these devices are activated, the total
current and power are 6 A and about 150 W, respectively.
Therefore, sufficient energy is available in the batteries
for these devices, which are only activated at night and
are able to operate normally until the day dawns. A
night view of the designed hybrid energy house is given
in Fig. 7.

In this study, a 1500 W pure sine wave inverter and a
800 W modified sine inverter were also fed with stored
energy and energy obtained from solar and wind energy.
With these inverters, not only the lighting, but also the
operation of appliances, such as refrigerator, television,
air conditioning, computers etc., is provided. This way,
the measurement and test instruments which are used in
other studies can be also provided by the energy of the
designed system. With this hybrid power system, other
scientific studies can also be performed.

3. Conclusions

In this study, the design steps of a system supplied by a
mix of photovoltaic and wind energy were discussed. Fir-
stly, general information about the employed solar panels
and wind turbine were provided, the basic features were
mentioned and how the system was built was explained
in details. The system was tested to work correctly, by
making a series of measurements and by connecting se-
veral loads to the system. Wind and solar power-related
measurements and calculations and plots are presented in
this study. The effect of temperature on efficiency of so-
lar cells and effect of wind on wind turbine efficiency are
investigated. The standalone hybrid system is realized
experimentally in this study. With this hybrid power sy-
stem, other scientific studies are performed and continue
to be realized.
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