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Abstract – Nowadays, the energy demand is increasing 
with the population growth but the available limited non-
renewable fossil fuel resources unable to meet the demands 
for a longer period of time.  Renewable energy technologies 
are suitable for off-grid services, serving the remote areas 
without having to build or extend expensive and complicated 
grid infrastructure. A combination of two or more 
renewable energy sources is more effective than a single 
source in terms of cost, efficiency and reliability. This is 
called as Hybrid Renewable Energy System (HRES) and is 
becoming a fast developing market worldwide. This paper is 
a review of various optimization techniques of hybrid 
renewable energy systems for power generation.  
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1. INTRODUCTION 

A hybrid renewable energy system (HRES), or hybrid 
power, usually consists of two or more renewable energy 
sources used together to provide increased system 
efficiency as well as greater balance in energy supply [1]. 
Rapid depletion of fossil fuels has increases an urgent need 
for alternative sources of energy to cater the continuously 
increasing energy demand. Another major reason to 
reduce our consumption of fossil fuels is the growing 
global warming phenomena. Environmentally friendly 
power generation technologies will play an important role 
in future power supply. The renewable energy 
technologies include power generation from renewable 
energy sources, such as wind, PV(photovoltaic), MH(micro 
hydro), biomass, ocean wave, geothermal and tides. 
However, renewable energy resources are highly site-
specific and intermittent in nature. Therefore, as demand 
increases in stand-alone mode, single technology based 
system are associated with high system cost and low 
reliability, and thus the concept of hybrid renewable 
energy system has been introduced for power generation 
in stand-alone applications to deal with such limitations of 
single technology based system [2, 3].  

2. DESCRIPTION OF THE HYBRID SYSTEM 

The generation of both wind power and solar power is 
very dependent on the weather conditions. Thus, no single 
source of energy is capable of supplying cost-effective and 
reliable power [4]. With combine of the renewable 
systems, it is possible that power fluctuations will be 
incurred. To mitigate or even cancel out the fluctuations, 
energy storage technologies, such as storage batteries 
(SBs) can be employed. The proper size of storage system 
is site specific and depends on the amount of renewable 
generation and the load [5, 6]. The needed storage capacity 
can be reduced to a minimum when a proper combination 
of wind and solar generation is used for a given site. 

 

Fig. 1. Block diagram of a hybrid generation unit 

2.1 PV System 

 A photovoltaic (PV) system is a system composed of one 
or more solar panels combined with an inverter and other 
electrical and mechanical hardware that use energy from 
the Sun to generate electricity [7]. PV systems can vary 
greatly in size from small rooftop or portable systems to 
massive utility-scale generation plants. Although PV 
systems can operate by themselves as off-grid PV systems, 
this article focuses on systems connected to the utility grid, 
or grid-tied PV systems [8]. 
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Fig. 2. Diagram of PV System with battery storage 
powering DC & AC Loads 

2.2 Wind Turbine 

The wind turbines convert the mechanical energy that is 
produced by the wind to electrical energy. To use this 
electrical energy a voltage and a frequency regulation has 
been needed. Wind turbines operate on a simple principle. 
The energy in the wind turns two or three propeller-like 
blades around a rotor. The rotor is connected to the main 
shaft, which spins a generator to create electricity. 

3. ESSENTIALS OF HYBRID SYSTEM OPTIMIZATIONS 

In order to select an optimum combination for hybrid 
system to meet the load demand, evaluation must be 
carried out on the basis of power reliability and system 
life-cycle cost. 

3.1 Power System reliability 

There are various methods used to calculate the reliability 
of the hybrid system. Loss of power supply probability 
(LPSP) [10, 11], Loss of Load Probability (LOLP), System 
Performance Level (SPL) [8], and Loss of Load Hours 
(LOLH). LPSP is the probability that an insufficient power 
supply results when the hybrid system is unable to satisfy 
the load demand. The LOLP is a measure of the probability 
that the system demand will exceed the system’s power 
supply capacity in a given time period. The SPL is defined 
as the probability that the load cannot be satisfied [12]. Al-
Ashwal and Moghram [13] presented a method for the 
assessment on the basis of the loss of load risk (LOLR) to 
decide a proportion for solar and wind energy in a hybrid 
system. 

 

 

3.2 System cost 

There are several economic criteria for the system cost 
analysis, such as Net present Cost, Levelised Cost of Energy 
[9] and life-cycle cost [10]. The life of PV modules is 
generally considered as the life of the system [11]. The 
Levelised cost of energy is defined as the ratio of the total 
annualized cost of the system to the annual electricity 
delivered by the system.  

4. HRES OPTIMIZATION TECHNIQUES 

A well designed simulation program permits to determine 
the optimum size of battery bank, PV array, Wind turbine, 
Hydro generation capacity and other generation system 
for an autonomous or grid integrated HRES for a given 
load. Various optimization techniques such as graphical 
construction, probabilistic approach, iterative technique, 
artificial intelligence (AI), dynamic programming, linear 
programming and multi-objective were used by 
researchers to optimize hybrid PV/wind energy system. 

4.1 Graphical Construction 

 Graphical Construction method has been presented by 
Borowy and Salameh [15] based on using long-term data 
of solar radiation and wind speed recorded for every hour 
of the day for 30 years. Another type of graphical 
technique has been given by Markvart [16] to optimally 
design a hybrid solar– wind power generation system by 
considering the monthly-average solar and wind energy 
values.  

4.2 Probabilistic Approach 

Probabilistic approach of sizing account the effect of the 
solar radiation and wind speed variability’s in the system 
design. Bucciarelli [17] proposed a sizing method treating 
storage energy variation as a random walk. The probability 
density for daily increment or decrement of storage level 
was approximated by a two-event probability distribution 
[18]. 

4.3 Iterative Technique 

Iterative Technique is one of the methods of HRES 
optimization techniques. Yang et al. [19] proposed a 
Hybrid Solar–wind System Optimization (HSWSO) model, 
which utilizes the iterative optimization technique 
following the LPSP model and Levelised Cost of Energy 
model for power reliability and system cost respectively. 
Similarly, an iterative optimization method was presented 
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by Kellogg et al. [20] to select the wind turbine size and PV 
module number using an iterative procedure to make the 
difference between the generated and demanded power 
(DP) as close to zero as possible over a period of time.  

4.4 Artificial Intelligence 

Artificial Intelligence is an area of computer science that 
emphasizes the creation of intelligent machines that work 
and reach like humans. Some of the activities computers 
with artificial intelligence are designed for include speech 
recognition, learning, planning, and problem solving. 
Artificial intelligence methods, such as Artificial Neural 
Networks, Genetic Algorithm, Fuzzy Logic, PSO (Particle 
Swarm Optimization, ACO (Ant Colony Optimization) 
widely used to optimize a hybrid system in order to 
maximize its economic benefits. Kalogirou [21] proposed 
an optimization model as solar systems using Artificial 
Neural Network and Genetic Algorithm. These methods are 
most successful methods as they help in finding the global 
solution of complex problems. 

4.5 Software based Approach 

One of the popular commercial software for designing and 
analyzing hybrid power system is HOMER of National 
Renewable Energy Laboratory (NREL)/USA [22]. Solar 
insolation, electrical load, hybrid generator technical 
details, costs, constraints, controls and type of dispatch 
strategy are used as the input to the HOMER software. 

5. FUTURE SCOPE 

The renewable energy systems have come a long way in 
terms of research and development. But there are still 
certain difficulties in terms of their efficiency and optimal 
use. Following are the challenges faced by the designer. 
The renewable energy sources, such as solar PV and FCs, 
need innovative technology to harness more amount of 
useful power from them. The poor efficiency of solar is 
major obstruction in utilizing its use. The manufacturing 
cost of renewable energy sources needs a major reduction. 
It should be confirmed that there should be minimum 
amount of power loss in the power electronic devices. The 
storage technologies need to increase their life-cycle 
through innovative technologies 

6. CONCLUSION 

This paper gives an overview of hybrid renewable energy 
systems (HRES). Various aspects such as methodology, 
unit sizing and optimization, storage and energy flow 

management, are specifically reviewed. Future trends as 
well as challenges are also presented in the paper. The 
presented literature review facilitates interested 
researchers in design and power management of HRES. 
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