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Abstract:  The reduction of grid power dependency in remote and rural areas through the use 

of hybrid energy systems is a vital step toward achieving sustainable energy. These systems 

combine multiple renewable resources such as wind, solar, and mini-hydro to provide end users 

with reliable and predictable electricity. 
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I. Introduction :  

Recent years have seen a significant increase in worldwide worries about rising energy usage 

and dependency on fossil fuels. As a result, using renewable energy sources (RES) to produce 

power is becoming more and more popular. Due to the growing penetration of renewable 

energy sources and energy management, the power system faces huge challenges.  

 

The current power system architecture can be updated using two-way communication, 

distributed generation, advanced automated controls, and forecasting systems [2]. By enabling 

communication between generators and consumers, smart grid technologies enable the most 

effective use of energy in light of environmental, financial, and technical considerations. The 

consequence is a more dependable, effective, and secure electrical system [3]. The energy 

management and demand profile shaping aspects of the smart grid system are quite 

challenging. 

 

The use of systems and processes to reduce energy requirements per unit of output while 

maintaining or reducing overall costs of generating the output from these systems is known as 

energy management. Demand profile shaping is the practise of reducing or adjusting energy 

usage during periods of high demand or in response to price signals [4, 5]. As a result, it may 

be possible to minimise the capacity of required standby power sources, lower overall plant 

and capital costs, and raise system reliability [6]. 

 

II. Literature Review :  



Webology (ISSN: 1735-188X) 

Volume 16, Number 1, 2019 

 

267                                                                    http://www.webology.org 
 

Hybrid Renewable Energy Systems (HRES),HRES may be formed by combining several 

renewable energy systems. a  review on design and development of  hybrid energy systems is 

discussed. and it also discuss about optimization techniques for hybrid system. 

  

The introduction to a survey of current methods and tools for determining potential and 

exploitable energy in the most important renewable sectors (i.e., solar, wind, wave, biomass, 

and geothermal energy), with challenges for each renewable resource highlighted, as well as 

tools that can assist in evaluating the renewable sources[7]. A detail analysis on optimization 

techniques is also presented, so as to integrate the system and technique for better performance. 

 

                 About various schemes used for generating electric power from renewable energy 

resources  trends in optimization techniques used for the designing of  hybrid energy systems. 

And survey on  different energy storage system so as to obtain better reliability and stability of 

power system is reviewed. A review on various important elements needed while designing of 

hybrid energy system before implementation is discussed. 

 

This hybrid systems effectively address the demerits of the systems which could 

provide substantial power only during specific periods and seasons. For example, solar power 

would be much reduced during the night time. Hence hybrid systems effectively counteract 

this issue as the lack of stability in one system is well compensated by the other. The review, 

optimized hybrid system with optimization towards maximization of power generated from 

the system with the help of soft computing technique. 

 

Limited attention was paid to system optimal sizing and techno-economic evaluation of 

the pumped storage based PV power generation system. A study to optimize the system based 

on its technical performance and lifecycle cost based on load demand and solar energy resources 

for a remote island in Hong Kong is proposed. The single-objective and multi- objective 

optimization method have been employed to obtain the optimal result.  

 

           Single-objective optimization, an optimal solution can be obtained. Under       the multi-

objective optimization, the pareto optimal solution set was obtained based on two  

indexes[2].Xiang Chen et al propose an optimal algorithm to optimize a hybrid renewable power 

system, considering the diesel generators as the main control energy source. In this work 

optimal configuration using HOMER and GA is discussed for modeling the distributed 

generations, with the control strategy, collecting the weather source data for years, coding the 

optimization algorithm. 

 

III. Metaheuristic Techniques: 

The currently used algorithms have been examined. According to the study, it is recognised for 

the planning and creation of the suggested technique known as a PSO algorithm[8]. A subset 

of evolutionary computation called evolutionary inspired optimization algorithms draws 

inspiration from live evolution processes such reproduction, mutation, recombination, natural 
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selection, and survival of the fittest. For resolving issues with optimal power flow, numerous 

optimization techniques with evolutionary inspiration are applied. 

The genetic algorithm is a type of evolutionary algorithm that uses a population of 

plausible answers to bring those solutions closer to a set of criteria or specifications. This new 

set of approximations is propagated using operators taken from natural genetics, and it is 

generated based on their degree of fitness. Each evolutionary stage in the process is referred to 

as either generation or reproduction. A GA typically works with a fixed-size population of 

solutions and uses the three genetic processes of crossover, mutation, and selection to alter the 

solutions chosen from the current generation and select the best progeny to pass on to 

succeeding generations. 

Pattern search is a class of numerical optimization techniques that does not need the use 

of a gradient, often known as direct search, derivative-free search, or black-box search. As a 

result, non-continuous and non-differentiable functions may be employed with it[9,10]. One 

such method for finding patterns is "convergence", which is predicated on the notion of positive 

bases. Optimization seeks to find the optimal match in a multidimensional analytic space of 

options (the solution with the lowest error value). 

PSO is a metaheuristic in that it can explore enormously broad areas of potential 

solutions while making little to no assumptions about the problem to be solved. Metaheuristics 

like PSO, though, do not ensure that the best solution will be found. Additionally, unlike 

conventional optimization methods like gradient descent and quasi-newton methods, PSO does 

not use the gradient of the problem being optimised and does not require that the optimization 

problem be differentiable.The behaviour of actual ants, who reside in colonies and 

communicate with one another by exchanging pheromones, is the basis for ant colony 

optimization (ACO) algorithms, which are designed to solve challenging problems like 

determining the shortest path from the nest to food sources. 

 

IV. Implementation: 

The PSO algorithm is founded on the idea that complex behaviour may be predicted by a few 

basic principles. 

•  It employs a swarm of agents (particles) that move about in the search space in quest 

of the optimum answer. 

• Each particle is regarded as a point in an N-dimensional space that modifies its "flying" 

based on its own as well as other particles' flying experiences. 

• Each particle maintains track of its coordinates in the solution space, which are linked 

with the particle's best solution (fitness) thus far. Personal best is the name given to this 

value . 

• The best value achieved so far by any particle in the vicinity of that particle is another 

best value monitored by the PSO. This value is referred to as global best . 

• The fundamental idea behind PSO is to accelerate each particle toward its Personal best 

and global best positions at each time step using a random weighted acceleration. 
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Explanation  of  Process 

The PSO algorithm updates the velocity vector for each particle, which is subsequently added 

to the particle's position or value. Impact velocity updates are the best local solution associated 

with the lowest cost in the current population and the best global solution associated with the 

lowest cost ever discovered by a particle[11]. If the best local solution is less expensive than 

the best global response, the best local answer will take its place. Velocity is comparable to 

local minimizers that employ derivative information since velocity is the derivative of position. 

PSO only requires a few settings to be adjusted and is easy to set up. Additionally, it can 

manage complex cost functions with numerous local minima. 

 

PSO is yet another type of stochastic evolutionary algorithm used for optimization. 

Based on prior knowledge (best fitness parameters), information shared with neighbours (best 

fitness of other particles), and stochastic shifting of the movement direction, this method 

involves transferring particles from candidate solution space to search space[12]. Both 

continuous and binary or discrete issues can be handled by the PSO approach. It was influenced 

by flocking birds social dynamics. 

The PSO algorithm is simple to use and generates the best results rapidly. With the current 

optimal particle as their guide, PSO's swarms of particles or swarms, each of which is identified 

by its location and velocity vectors, move through the search space[13]. A vector that describes 

the speed of a swarm of particles in each direction is used to characterise their motion. The 

term "particle experience" refers to the best solution identified thus far for each particle, which 

is recorded in a particle memory. Moreover, the best particle or social leader among all particles 

represents the finest resolution thus far. The social leader and each swarm's experience both 

influence how quickly and where it moves. 

Conclusion :  

This research presents a strategy for optimum scaling of stand-alone hybrid 

PV/wind/battery/diesel energy systems using PSO. The optimization objective was to reduce 

system costs while maintaining load demand and adhering to a number of optimization 

restrictions. 

 

References : 

[1.] Bassam NE, Maegaard P “Integrated renewable energy for rural communities”. 

Elsevier,    (2004) Amsterdam.   

[2.] Prabodh Bajpai, Vaishalee Dash “Hybrid renewable energy systems for power 

generation in stand-alone applications: A review” Renewable and Sustainable Energy 

Reviews 16 (2012) 2926– 2939   

[3.] Muselli  M,  Notton  G,  Louche  A.  Design  of  hybrid-photovoltaic  power  generator,  

with  optimization  of  energy  management.  Solar Energy 1999; 65 (3): 143–57.  

[4.] Bagen, Billinton R. Evaluation of different operating strategies in small standalone 

power systems. IEEE Trans Energy Convers 2005; 20(3):654–60.   



Webology (ISSN: 1735-188X) 

Volume 16, Number 1, 2019 

 

270                                                                    http://www.webology.org 
 

[5.]  M.  Mohammadi,  S.H.  Hosseinian,  G.B.  “Gharehpetian  Optimization  of  hybrid  

solar  energy  sources/wind  turbine  systems  integrated    to    utility    grids    as    

microgrid    (MG)    under    pool/bilateral/hybrid    electricity    market    using    PSO”    

www.sciencedirect.com, Solar Energy 86 (2012) 112–125. [ 

[6.] Elhadidy MA, Shaahid SM. Parametric study of hybrid (wind + solar + diesel) power 

generating systems. Renew Energy 2000; 21(2):129–39.   

[7.] Gutie ́ rrez Vera J. Options for rural electrification in Mexico. IEEE Trans Energy 

Convers 1992; 7(3):426–30.  

[8.] Getachew Bekele, Getnet Tadesse “Feasibility study of small Hydro/PV/Wind hybrid 

system for off-grid rural electrification in Ethiopia” www.sciencedirect.com, Applied 

Energy 97 (2012) 5–15  

[9.] Wichert  B.  PV–Diesel  hybrid  energy  systems  for  remote  area  power  generation  

a  review  of  current  practice  and  future  developments. Renew Sustain Energy  

1997;209–28.   

      [10.].Shaahid  SM, Elhadidy MA.  Opportunities  for utilization  of  stand-alone  hybrid   

             (photovoltaic + diesel + battery) power systems in hot climates. Renew Energy 2003;      

             28(11):1741–53.   

      [11.]S. Safari, M.M. Ardehali , M.J. Sirizi “Particle swarm optimization based fuzzy logic  

              controller  for  autonomous  green  power  energy   system   with  hydrogen  storage”    

              Global  Conference  on  Renewable  energy   and  Energy  Efficiency   for  Desert   

              Regions  2011 "GCREEDER 2011", Energy Conversion and Management, Volume  

              65, January 2013, Pages 41–49. 

      [12.] Randy L. Haupt, Sue Ellen Haupt” Practical Genetic Algorithms” second edition,  

              1998. 

      [13.] Seth  B.  Darling,  Fengqi  You,  Thomas  Veselka,  and  Alfonso  Velosa    

             “Assumptions  and  the  Levelized  Cost  of  Energy  for  Photovoltaics”, Created using   

               the RSC ARTICLE templates (VER. 3.1) . 

       [14.] IRENA  Working  Paper,  “RENEWABLE  ENERGY  TECHNOLOGIES:  COST   

               ANALYSIS  SERIES”, Volume  1:  Power  Sector, Issue 4/5 Solar Photovoltaics,   

               June 2012.   

      [15.]Bogdan S. Borowy Ziyad M. Salameh “Methodology for Optimally Sizing the  

             Combination  of  a Battery  Bank and PV Array  in a Wind/PV Hybrid”  IEEE   

             Transactions on  Energy Conversion, Vol. 11, No. 2, June 1996.  

 

 


