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Abstract Renewable energy has great potential as an alter-
native source to supply electricity to the growing communi-
ties of modern world. However, the intermittent availability
of renewable resources requires the use of hybrid systems
so that the resources complement each other. This paper
addresses the economic sizing of hybrid renewable energy
using three sites of Saudi Arabia as a case study. A method-
ology is developed to determine the best wind turbine, WT
type out of 140 wind turbines from different manufacturers
and the best-fit WT for a site to maximize energy produc-
tion. Similarly, the best-fit WT is matched with the best-fit
PV arrays in a determined penetration ratio to meet the load
requirements of the sites under study. A detailed economic
methodology to obtain the price of kWh has been introduced.
A new computer program has been introduced to handle the
calculation of the whole system, and to select the best option
for installing the hybrid renewable energy system.
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1 Introduction

Most of the remote areas in the vast land of Saudi Arabia
depend on conventional electric energy sources such as diesel
generators for their electric power supply. However, this con-
ventional option depends on the availability of fossil fuel that
is usually quite expensive. Besides that, the engines usually
operate at low efficiency due to the typical loads in remote
areas that vary considerably during the day and night. There-
fore, using renewable energy that does not need fuel or does
not affect the environment can be considered as a super solu-
tion for this dilemma. Renewable energy system can play an
important role in generating the electricity without a need to
fuel and to reduce the environment hazard. Usage of many
renewable energy sources can increase the system reliability
and reduce the price of generated kWh considerably.

In this paper, a methodology for pairing between sites
and wind turbines and PV module types is presented. Using
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hourly mean wind speed and solar radiation data, average
wind turbine prices per kilowatt (kW), and different WTs
from different manufacturers; an optimization is made to
select the most economic WT and PV module for each site.
This approach introduces the best site out of three sites under
study and the most economic WT and PV module types for
the selected site. A detail approach for computing the energy
potential of PV and wind energy system is introduced. This
paved the way for calculating the average area of solar cells
to feed certain load. A proposed computer program is devel-
oped for a hybrid renewable energy electric system consisting
of wind, PV and battery systems. The computer program has
been built in Visual Fortran. 140 different types of wind tur-
bines from different manufacturers and three different types
of photovoltaic arrays have been used as a data for the com-
puter program. Through loops of iterations, optimal system
sizing of each component is achieved and the best type of WT
and PV modules. The methodology is validated by selecting
three sites in Saudi Arabia, namely, Yanbon, Dhahran and
Dhulom.

2 Modeling of Hybrid Renewable Energy System
Components

2.1 Design of the Wind Energy System

Wind energy is a form of solar energy produced by uneven
heating of the earth’s surface. Unlike any conventional power
source, wind power is less predictable. Although, wind power
source is less predictable than the solar power, it is typically
available for more hours in a given day. Choosing of wind
energy site based on the wind speed data is very important.
Many literatures have been done to choose the best possible
site from many available sites [1–6]. The power from the
wind can be defined as:

Pw = 1

2
ρ Ai u

3 (1)

The actual wind turbine output power can be calculated from
the following equation:
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Using the above equation, the power output of a turbine can
be modeled if the cut-in (UC), cut-out (UF) and rated wind
speed (UR) and the rated power (PR) are known.

The speed of the wind is continuously changing, making it
desirable to describe the wind by statistical methods. Weibull
distribution will be used in the analysis of this paper. Weibull

distribution uses scale, c and shape, k parameters. An accu-
rate statistical method for obtaining Weibull parameters has
been used in analysis [1–6]. The final results for the Weibull
parameters are:
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and
yi = ln(− ln(1 − F(ui ))),

xi = ln(ui )
(6)

The capacity factor of the wind turbine in certain site can be
obtained from the following equation:

CF = exp
[−(UC/c)k

] − exp
[−(UR/c)k

]
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− exp
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(7)

PW,av = CF ∗ PR (8)

The average number of wind turbines ANWT is given by the
following equation:

ANWT = PLW,av

PW,av
(9)

where PLW,av is the average required load from wind turbine,
PW,av is the average electric power generated from each wind
turbine.

2.2 Modeling of PV Energy System Generator

The orientation of the PV array against the movement of
the sun determines the intensity of the sunlight failing on
the modules surface, and therefore it will affect the system
power output. The orientation will be facing south in the case
of Saudi Arabia due to its location in the northern of the equa-
tor. The PV array surface should be positioned in a way that
it is aimed directly perpendicular to the sun’s rays. This will
capture the maximum amount of sunlight to be converted into
electricity. This can be easily achieved using a tracking sys-
tem that follows the sun’s trajectory at a particular time and
day. However, a tracking system is costly and requires high
maintenance. Therefore, various studies have been conducted
on the optimum tilt and orientation angle for fixed surfaces.
However, the optimum monthly tilt angle provides maximum
power output from the system during the month. The tilt angle
can be fixed at a certain angle all year round, seasonally, or
monthly changed. In this paper, PV array is assumed to be
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