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Abstract—For this research work, hybrid wind-photovoltaic
(SHEF) systems were considered as renewable energy sources that
take advantage of wind energy and solar radiation to transform into
electrical energy. In the present research work, the feasibility of a
wind-photovoltaic hybrid generation system was analyzed for the La
Tranca tourist viewpoint of the Chordeleg canton in Ecuador. The
research process consisted of the collection of data on solar radiation,
temperature, wind speed among others by means of a meteorological
station. Simulations were carried out in MATLAB/Simulink based on
a mathematical model. In the end, we compared the theoretical
radiation-power curves and the measurements made at the site.

Keywords—Hybrid system, wind turbine, modeling, simulation,
validation, experimental data, panel, Ecuador.

[.INTRODUCTION

HE methods of renewable and non-conventional energy

generation, such as wind, solar, hydroelectric, biomass,
geothermal, thermal storage and waste heat recovery are very
important options for the generation of energy in isolated areas
of Ecuador. At the Tranca-Chordeleg Tourist Center, it has
been convenient to implement a hybrid system since it is a
new and clean energy source.

The hybrid renewable energy system is an integrated system
of two or more renewable energy systems, which can
complement each other and it provides a reliable and higher
quality power supply, regardless of the network of the public
distribution company [1]-[6]. The plants consisting of wind
turbines and photovoltaic panels, become an increasingly
attractive option since the price of fossil fuel oils in Ecuador is
too expensive [4]-[8].

Banerjee et al. [1] presented and discussed the
electrification of the rural area and a review of the
autonomous system of power such as solar and wind. In
addition, [11], [29] presented the development that leads to the
implementation of these systems for the use of renewable
energy and their level of penetration in recent times
worldwide.

Another study was proposed by reference [10] for the
implementation of hybrid systems in the rural area
disconnected from the electrical network. In our case, we will
analyze and compare the theoretical part of the system
proposed with the experience in the field [9].

This paper describes the simulation and validation of a
combined wind and solar system for electric power generation
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with energy storage facilities. Several studies have been
carried out by the University in rural areas of the Province of
Azuay in Ecuador, but this is the first one that was carried out
in a Rural Tourist Center of this Region.

The multivariable meteorological data, which include wind
speed and direction, solar radiation, rain and humidity, as well
as temperature, were obtained after installing a meteorological
station in the Tranca-Chordeleg. In addition, the simulation
model in MATLAB includes a modern charge and inverter
controller purchased specifically for this study.

Another study was proposed by Colak [20] for its
implementation in remote rural areas and far from the
commercial distribution network. The hybrid system consists
of a wind turbine and 15 photovoltaic panels. In addition,
among the experiences in the Province of Azuay, another
hybrid photovoltaic - wind system has been suggested to
provide uninterrupted power to a remote location in Molleturo
by Icaza [24]. In addition, other studies were presented on PV-
battery-wind hybrids and PV-wind-diesel-battery hybrids for
rural electrification [19]-[25]. The energy conversion
equations described in the formulation for a hybrid system of
photovoltaic solar energy, wind turbine and turbine and
integrated simultaneously [25]-[31]. To validate this
simulation model, the energy conversion equations were used
in the model with MATLAB/Simulink.

II. LOCATION OF RESEARCH

The Tranca Tourist Center is located in the Tranca Sector,
hence the origin of its name, in the Luis Galarza Orellana
parish (Delegsol) of the Chordeleg canton in the province of
Azuay, see Fig. 1.

The Delegsol parish is located south east of the Chordeleg
Canton. It limits to the North, with the Parish San Martin de
Puzhio to the East with the Parish of Remigio Crespo Toral
and Luis Cardero Vega Al Sur, with the Main Parish and to
the West with the Parish of Giiel del Canton Sigsig.

The sector La Tranca is 13 km from Chordeleg canton
whose road is paved and 3 km far from the parish center
Delegsol on paved road through the community of Chocar,
few people who live in the sector are engaged in craftsmen
such as making hats straw toquilla, livestock, and agriculture.

Next, in Fig. 2, we can identify the scheme where the
contributions of energy, photovoltaic and wind turbine are
studied and, in the future, can increase other contributions of
another type of renewable energy [30]. It is clear that, in our
case study, we contemplate it without connection to the
electrical network of the local commercial company.
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Fig. 1 Location of Molleturo Parish in Ecuador
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III. MATHEMATICAL MODELING

In the mathematical model that is expressed below, it is
translated as a simplified model with the most representative
parameters between the mechanical and electrical systems that
will directly influence the final objective that is the generation
of energy [12]-[18]. This process allows us, in the end, to find
the best design option of the hybrid system so that this
research can lead to better developments based on much more
advanced mathematical models.

A. Wind Turbine
The power of a particular wind turbine is given by [3]

Py = 0.5 % Cyy * paiy x A% 03 * 1, M

where P; is the wind power sweep produced by the blades per
unit area, Cpq is the Betz power coefficient, pg;, is the air
density, A is the area swept by the blades of the wind turbine,
and Vv is the wind velocity [26], [27].

Taking into account the internal performance of the wind
turbine, the following can be written

Nw = Nx-Ny- M 2

where 7, 71, are the mechanical friction and generator
efficiencies  respectively, and the efficiency speed
multiplication box is 1.

The power output of the wind turbine in (20) can be
expressed in single-phase power AC as;

P, =3.n,.U.1,.Cos 3)

With single phase AC power is P,, line current [,
represents power factor Cosg, and the electric conversion
efficiency is referred to as 7.

B. Photovoltaic PV System

The thermal energy absorbed by the PV solar collector is
(11, (3]

va = npngpngt “4)

where 1,y is the PV solar collector efficiency, Ay, is the PV

solar collector area (m?), and G, is the solar irradiation
(W/m?), and Npvg can be defined as [1]

Npvg = nrnpc[l - BT, —T; ref)] ®)
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where 1 is the power conditioning efficiency which is equal
to one when maximum power point tracking (MPPT) is used,
and B is the temperature coefficient (0.004 — 0.006 per °C),
and n, is the reference module efficiency, and T, ,.f is the
collector reference temperature.

The behavior of the I-V curve of the photovoltaic cell is
described by (6)-(8), [3], [4].

I=1.(5,Ty) — Nplge' Ve

I..‘F.-'+[F.5__1‘j::| V4 ]Rs

Ry (6)
o (T, 1 273)
T\',: = HINSL\T (7)
Le — 3¢
I, = Yy £
el Vi) —1 ®)

where N; is the number of solar cells in series. N, is the
number of cells in parallel. K is the Boltzmann constant. ge is
the charge of the electron. m is the diode ideality factor; 1 <m
<2. T1 is the working temperature of the solar panel in °C. Ry
is the series resistor. R,, is the resistance in parallel. I, (G1, T1)
is the photogenerated current and approximately equal to the
short-circuit current Isc (G1, T1). Io is the inverse saturation
current of the diode. Voc is the open circuit voltage [22].

The electric PV power output in DC taking into account the
efficiency of conversion to electric energy is

Poy (t) = nalpy. Vpy ©

where 7,is the efficiency of conversion to DC and referred to
Vpy, and Ipy.

C. Controller
Generally, the controller power output is given by

Pe = Vot (I + Ipy) (10)

where Vp,, is the multiplication of the nominal voltage DC in
the battery for any particular system, and I, and Ip, represent
the output current of the rectifier in DC and currents of PV.

D. Battery Charging and Discharging Model

The battery stores excess power going through the load
controller. The battery keeps voltage within the specified
voltage, and thus, protects over discharge rates and prevents
overload.

During the charging period, the voltage-current relationship
can be described as follows [14], [19]

! 0.189
+ (1.142-50C)+R;

1
= + (soc — 0.9)In (300--+ 1.0)(11)

V.(V) = 2.094[1.0 — 0.001(T — 25°C)] (12)

However, during the discharging process and using (11), the
current-voltage can be

V=t+ (224 R) (13)
and R; is given by;
R;(Q) = 0.15[1.0 — 0.02(T — 25°C)] (14)

where V.(V), I: the terminal voltage and current respectively,
R;(Q): Internal resistance of the cell and T is the ambient
temperature. AH: Ampere-hour rating of the battery during
discharging process

Finally, the power produced by the PV array can be
calculated by the following equation,

P=V IOUT (15)
where I,y represents the total output current of the rectifier in
DC (10).

E. Inverter

The characteristics of the inverter are given by the ratio of
the input power to the inverter P, and inverter output power
P,p- The inverter will incur conversion losses and to account
for the inverter efficiency losses, 7;,,,, is used,

P Niny = Pop (16)
The AC power of the inverter output P(t) is calculated using

the inverter efficiency 7;,, , output voltage between phases,
neutral Vp,,, for single-phase current I, and cos¢ as follows;

P(t) = \/§ niannto cos@ (17)

Finally, the hybrid system energy conversion efficiency for
harnessing energy from wind turbine and PV is given by;

Nsistem = Mpy * Myina (18)
P
Nsistem = Pe"'(;)PV (19)

IV.BLOCKS DIAGRAMS IN SIMULINK

A. Wind Turbine

Fig. 3 shows the mathematical model of a wind turbine
developed in Simulink (MATLAB R2015a), the simulation is
developed according to the characteristics of the wind turbine,
geographic and meteorological background of the place.

B. Photovoltaic PV System

Fig. 4 shows the mathematical model of a photovoltaic solar
module developed in Simulink (MATLAB R2015a), the
simulation is developed according to the characteristics of the
photovoltaic module, geographical and meteorological
background of the place of analysis, in this way the system has
the following input data:
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Fig. 4 Modeling in MATLAB/Simulink of PV

V. RESULTS AND DISCUSSION

To solve the aforementioned equations (1)-(19) and taking
into account that the two systems do not necessarily provide
us with energy simultaneously and at maximum generation,

=

and for validation purposes, this model is used with the use of

specialized software such as MATLAB/Simulink and the
coding of the aforementioned equations. Furthermore, in order
to validate and fine-tune the simulated results, the most
coherent data are fed back to reality and, based on the
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measurements made; the data were used to validate the
simulation program under various conditions. In this same
section, the analyses and discussions of the predicted
numerical results as well as the validations of the proposed
simulation model specified from the MATLAB/Simulink are
presented.
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Fig. 5 Flow diagram of hybrid system calculation

Figs. 6 and 7 show the radiation profiles and the wind speed
profiles measured at The Tranca Tourist Center during several
months of the year 2017 at different times of the day.
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A. Wind Turbine Simulation

The wind speed which is directly linked to the output of
electric power generated by the wind turbine is illustrated in
Fig. 8. The predicted results depicted in these figures show
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that, at a lower cutting speed of 2.3 m/s and a speed with a
cut-off higher than 8 m/s, the generated wind energy is 50 and
1800 watts, which coincides with the specifications of the
wind turbine provided by the manufacturer. In addition, Fig. 8
has been constructed to show the impact of wind speed on the
conversion efficiency of wind energy into electricity for the
Tranca-Chordeleg. It is quite clear that while the higher wind
speed results in higher energy conversion efficiency and
produces more output power. However, for the wind turbine
under investigation, the minimum wind speed to start
producing electrical energy is 2.3 m/s, in this particular
condition, the power output and the conversion efficiency are
significantly low but economically viable for the supply of
energy in the Tourist Center to contribute to the hybrid system
at times when there is no supply of the photovoltaic system.

B. PV Simulation

Fig. 9 shows the influence of solar radiation on the
production of electrical energy as part of the hybrid system, is
represented and analyzed between generated voltage and
electrical power. In this section, we illustrate the conversion of
solar energy into electrical energy with the variation of the
temperatures of the PV cells. It is worth noting that the
numerical simulation performed in the MATLAB and
represented here includes the variation of the temperance.

C. Validation of Simulation Model

To validate our numerical model prediction described in
(1)-(19), Figs. 10 and 11 were constructed to compare the
results of the model used with the experimental results of the
hybrid system.

Next, in Figs. 12 and 13, we represent in DIALUX the
distribution of load to be supplied from the solar-wind hybrid
generation system in the Tourist Center La Tranca-Chordeleg.

Next, Table I presents where the degree of contribution of
each wind and photovoltaic system is established to supply the
load of the Tourist Center.
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Fig. 12 General view of the Tourist Center La Tranca- Chordeleg

Fig. 13 Simulation of the lighting system of the Tourist Center La
Tranca-Chordeleg

VI. CONCLUSIONS

The hybrid system dealt with in this article can be of
significant consideration in remote places such as the one
studied in Centro Turistico La Tranca-Chordeleg and can
serve as an important experience to develop other projects in
nearby places or areas that have similar characteristics.

Although the production of electric energy due to the wind
source is not of higher incidence, we managed to identify that
the theoretical curve indicated in Fig. 10 that comes from (1)
has a pattern of behavior quite similar to the data of power-
speed measured at the remote station.

In relation to the production of solar energy shown in Fig.
11, there are good results in the analysis of the model used
with the data taken in the field in direct relation with the
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