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ABSTRACT 

Presently conventional energy resources are not always suitable or sufficient to cope with 

ever increasing energy demand in this world. Hence renewable energy sources have come up 

as an alternative in distributed energy system. In this work, microgrid system is introduced 

using distributed renewable energy sources and the economic perspectives are studied for 

different combinations.  

A comparative study has been done to find the optimal power generation from distributed 

energy resources (DERs) for minimum generation cost. Two types of power delivery models 

have been considered; the first one consisting of Solar, Biomass and Battery whereas the 

second one is made out of four renewable energy sources namely biomass gassifier unit, solar 

module, and wind energy system along with battery storage system. The microgrid deals with 

power generation and supply demand in a small community and consumer based load data is 

considered on the basis of 24 hrs use. Here the microgrid is connected with a conventional 

power grid to purchase /sell excess power from / to the main grid. 

This work explores the application of a new meta-heuristic algorithm namely Cuckoo Search 

(CS) in the area of cost optimization problem. The effectiveness of the proposed algorithm is 

developed in specific two cases to minimise the system generation cost and its performance is 

compared with other well established heuristic algorithms like Genetic Algorithm (GA) etc. 

MATLAB codes are developed in house to evaluate the fitness function of this problem using 

cuckoo search algorithm. The result reveals that, combination of biomass gasifier unit and 

solar photovoltaic system is cost effective with respect to the other combination consisting of 

biomass gasifier unit, solar photovoltaic system and wind turbine generator. In addition, the 

obtained result is also compared with that generated by genetic algorithm (GA) and cuckoo 

search algorithm is proved better for the same input data. 
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CHAPTER 1 

INTRODUCTION TO ENERGY SYSTEM 

1.1. Current Energy Scenario in India 

Energy is one of the essential elements for the economic development of any country. The 

economics of the country is highly affected by the ever increasing energy demands leading to 

huge investments. In case of developing countries like India, energy demand is increasing 

day by day. Energy consumption rate in India is very high so it is the 6
th

 largest energy 

consumer country in the world with 3.5% consumption rate. In recent years the energy 

consumption of India has been increasing at a very fast rate due to increase in population and 

economic development. All over the world India has ranked fourth in energy demand after 

USA, China and Russia. In the year 2020 it is estimated that demand will be 2.5 times of the 

present time [1].  

The energy scenario of India shows that, primary energy production depends on coal based 

plants, followed by hydro, nuclear and other renewable energy resources. The modern trends 

show that the installed electricity generating capacity based on thermal power increased from 

about 80GW to around 200GW from 2005-06 to 2013-15 [2]. Hydro power based electricity 

generation has been maintained constantly around 40GW in this same period. Nuclear power 

generation is still in its budding stage and can prove to be more useful in the near future. 

Contribution from other utilities has shown a gradual increase of about 10% in this period [2].  

In India total installed capacity is 228,665 Mw as on 29.02.2016, thermal power plants 

contribute 69.76% with the capacity of 201,360 Mw. The contribution of the hydro-thermal 

plants come next with an installed capacity of 42,703 Mw (14.79%).Nuclear plants give  2% 

(57800 Mw) of the total installed capacity. To meet the excess energy demand renewable 

energy sources like solar, wind, biomass, small hydro plants are used which gives 13.45% 

with an installed capacity of 38,822 Mw [3]. 

The geographical distribution of installed power generation capacity as on 31.03.15 is shown 

in Fig. 1.1. The total installed capacity all over India is 245.25GW. Out of this, the western 

region has the highest sharing capacity (36.19%) and north eastern region has the lowest 

sharing capacity (1.19%).Northern region and southern region accounted for 26.28% and 
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24.06% share respectively. Sikkim, among all the states registered highest annual growth in 

installed capacity followed by Chhattisgarh and Madhya Pradesh.   

 

FIG 1.1: Region wise installed capacities in India as on 31.03.2015 [2]. 

 

It has been observed that India posses a huge potential for installation of renewable sources 

like solar and wind. According to the Ministry of New and Renewable Energy (MNRE), 

India sets target of 1400 MW solar power, 2400 MW wind power, 250 MW small hydro 

powers, 400 MW bio power by March 2019. 

1.2. Installed renewable energy sources in INDIA 

In India renewable energy source is the most important application for generation of power 

such as solar, biomass, wind tide etc. It is estimated that the total potential in power 

generation from renewable sources is 147615 Mw as on 31.03.15. This includes wind power 

energy of 102772 Mw (69.6%) followed by small hydro power energy of 17,538(11.88%) 

and 500 Mw (3.39%) from biogases. Total 1221.26 MW Solar Cookers are installed as on 

31.03.2015, 825.09 MW were installed in Gujarat and 223.9 MW in Rajasthan. 

Table 1.1 shows that the position of Gujrat is first among all the states with 25.04% (36,956 

Mw) installed capacity followed by Karnataka with sharing capacity of 13.08% (19,315 Mw) 

26 

24 
13 

36 

1 

% wise installed capacity of electricity in different regions 
of India as on March 2015 

Northern Region 

Southern Region 

Eastern region 

Western Region 

North Eastern Region 
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and Tamilnadu with 11.7% share (16,483 Mw) due to their wind resources. Gujarat and 

Rajasthan enhance their installed capacity in solar power. To produce renewable power from 

biogas plants Maharashtra tops in the list followed by Andhra Pradesh, Karnataka, Uttar 

Pradesh, Gujarat etc. [2] 

Table 1.1: Installed renewable power in India as on 31.04.15 

 

State wise Distribution of Renewable Power in India as on 31.03.2015 

(Total Reserves = 147615 Mega Watt) 
State % Reserve of Renewable Power 

Gujarat 25% 

 

Karnataka 13% 

 

Andhra Pradesh 11% 

 

Tamil Nadu 11% 

 

Maharashtra 7% 

 

Jammu & Kashmir 5% 

 

Madhya Pradesh 4% 

 

Rajasthan 4% 

 

Punjab 3% 

 

Uttar Pradesh 3% 

 

Other states and Union Territories 14% 

 

 

The installed renewable systems and their efficient performance have promoted the idea of 

designing hybrid energy systems where the renewable sources and the non renewable sources 

are being installed together. This helps in meeting the high energy demands resulting in better 

economics of the system. From the table 1.2 it is found that solar power is utilised more in 

2015 comparison to 2014 and utilization of the other renewable sources is growing rapidly. 
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Table 1.2: Installed renewable power in India as on 31.04.15 

 

Source wise Installed Capacity of Grid Interactive Renewable Power in 

India 
Types of Renewable Sources of 

Energy 

Capacity as on March 

2014 (in Mega Watt) 

Capacity as on March 

2015 (in Mega Watt) 

Biomass Power 3601.03 4013.55 

 

Waste to Energy 96.08 106.58 

 

Wind Power 19051.46 21136.40 

 

Small Hydro Power  3632.25 3803.70 

 

Solar Power 1686.44 2631.96 

 

 

1.3. Necessity of hybrid system 

In our global society, fossil fuel such as coal, oil and natural gas are the three types of fossil 

fuels that we mostly used to meet our energy needs. But fossil fuel is the non renewable 

sources. They are limited and depleted in nature. There is clear evidence that climate change 

depends on human activities which is related to production and consumption of energy. 

Coal which is the major fuel in the thermal power plants, considered as a heavily polluting 

elements. Burning coal in the thermal plants creates black carbon, sulphates and other 

gaseous pollutants due to incomplete combustion which causes emission of green house gases 

such as CO2, NO2, and SO2 etc. One of the biggest disadvantages of burning crude oil is that 

it also releases CO2 [4]. Natural gas is composed mainly of methane (CH4) and a small 

percentage of other hydrocarbons. Burning of natural gas also releases CO2, carbon 

monoxide and other compounds which cause green house effect. The effect of green house 

gases contributes to global warming. This in turn results in climate changes randomly like 

monsoon rainfall patterns changes, abnormal heating, and sea level increases. SO2 and NO2 

cause acid rain that harms aquatic life and human health.  

Here one very important factor is population growth. Energy demand has the linear 

relationship with population growth. This would lead to extinction of fossil fuels and natural 

gases leading to shortage in energy resources for the human society. Hence, renewable 

energy sources are the good substitute to meet our future energy demands. Sun, wind, water 
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are the perfect non- polluting, efficient energy sources. Use of renewable energy enables us to 

protect the environment from toxic pollutants and keep people healthier. Future energy 

demands have to be managed in such a way that renewable energy resources is developed and 

used properly to meet in times of excess demands. The installation, maintenance and 

operation cost of involving these systems needs a detailed study for efficient use of the hybrid 

systems.       

1.4. Objective of the work 

The purpose of the work is to provide an optimal solution to an autonomous power delivery 

system incorporating renewable energy. Different types of resources can form micro grid to 

supply load demand though a proper combination of renewable energy sources with an 

effective optimization technique which can satisfy the energy needs with minimum cost. For 

analysis purposes, in this work different sets of combination of renewable sources have been 

made using solar, wind, biomass, and battery system to form the micro grid. The optimal 

solution aims to minimise the total annual cost of the system which includes running cost, 

installation cost, micro grid cost and utility cost. Mathematical analysis is based on a modern 

meta-heuristic technique namely cuckoo search algorithm. The optimal solutions obtained by 

Cuckoo Search algorithm are very efficient and best solutions are obtained in a short period 

of time. The cuckoo search algorithm evaluated total annual cost for the autonomous power 

delivery system with biomass gasifier unit, solar cell and battery system for case 1 and 

biomass, solar, wind and battery for case 2. Finally, an economic comparison has been 

carried out for these two cases. The optimization programs have been designed in MATLAB 

software. The entire model prototype of the work has been designed based on previous 

experimental works.    

1.5. Contribution of the work 

Some literature reviews have been done from the previous works on microgrid. Operation 

and involved cost in micro grid, different cost optimization techniques and load and demand 

side management of the system have been made in these works. This thesis work contributes 

a modern and effective method for a generating load scheduling problem in power system by 

involving Cuckoo Search Algorithm. Here, MATLAB codes are developed for calculating 

fitness function of the load scheduling problem with a well established optimization 

technique called cuckoo search algorithm. Cuckoo search algorithm is very robust and 
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reliable process to solve complex optimization problems using various constrains. It can also 

be abundantly combined with other optimization techniques. 

 

1.6. Structure of the Thesis 

This thesis is organized in eight chapters as follows: 

Chapter one provides the overview of the current energy scenario of India and gives an idea 

about necessity of renewable energy sources along with total installation capacity of 

renewable sources in India. The chapter also highlights the basic importance of this specific 

research works. 

 Chapter Two introduces to the recent trends and concepts of microgrid and briefly discussed 

about its operation and control strategies. This chapter also includes the economic aspects of 

microgrid and some reviews on soft computing techniques for optimization purposes. 

Chapter Three deals with increasing energy demands considering of demand side 

management programs. 

Chapter four introduces the objective function of this optimum cost calculation problem. 

Chapter five focuses on solution techniques of the proposed problem. This chapter also 

provides a summary of recently developed meta-heuristic algorithms; cuckoo search and 

application of this algorithm in this specific work. 

Chapter six presents a brief discussion on biomass gasifier model, solar photovoltaic system, 

wind energy system and battery storage system with basic configuration and mathematical 

formulation of these renewable energy systems. 

In Chapter seven represents the input parameters for the proposed problem and a comparison 

result between two specified test cases. The obtained results are carefully explained in the 

discussions. 

In Chapter eight future possibilities of this proposed work is discussed well and an overall 

conclusion has drawn respective. 
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CHAPTER 2 
 TRENDS IN MICROGRID RESEARCH 

2.1. Introduction to Microgrids 

Micro grid is a power supply network which provides small scale power to a small 

community. The combination of distributed generators based on renewable energy resources 

(RERs) like photovoltaic system, wind turbine, fuel cells, micro-turbine and batteries has 

introduced a recent concept of Microgrid [MG]. It is connected to both local generating units 

and utility grid which enables continuous power supply in a small community. Transmissions 

losses are highly reduced due to the presence of power generating sources remaining at the 

load side and it also increases the reliability and stability of the system [5][6]. For larger load 

demand, small units of micro grids are interconnected to each other to form a large network 

which is called power parks. Some literature reviews are discussed below on operating modes 

of micro grid.   

 

2.1.1. DC VS AC Microgrid 

According to power generation, micro grids are two types; AC and DC micro grids [7] [8]. 

For a Low voltage AC(LVAC) network Distributed energy resources such as wind turbines, 

biogas etc that produce AC output are connected directly to an AC bus line or may need 

AC/DC/AC power converts to enable their stability. Similarly DG unit which produces DC 

output such as solar cell, fuel cell and energy storage devices can be connected to AC bus line 

of the LVAC networks using DC/AC inverters.   

 In another work, the authors gives an overview of LVAC and LVDC network consists with 

various renewable energy resources (RES), energy storage systems (ESS) and loads [9]. A 

good comparison is carried out of DC Microgrid system with AC MG system by discussing 

their feasibility, structural configurations and control strategies [10]. The comparison result 

reveals that DC microgrid systems will soon be the right potential for the future energy 

demands. On the other side, inrush currents caused by transformers, synchronization with DG 

units, voltage level control and system stability are still the most important challenges to 

consider in the AC microgrid systems contrary to the DC microgrid systems [10]. 



12 | P a g e  
 

There are a number of advantages discussed of DC micro grid over AC micro grid [11]. AC 

power is most preferable for domestic and commercial purpose due to its transformation in 

different level and easily transmits to a long distance which is essential for different AC 

equipments. But DC power is required in industrial power distribution, telecommunication 

and point to point transmission for long distance. Many small scale micro sources natively 

generate low voltage DC power. Most of these generated powers is delivered to LVAC 

networks and require inefficient and costly power invertors, where the generated power may 

ultimately be supplied to DC devices. DC micro grid has better protection, simple control 

strategies and it does not affected by skin effect which is another advantage over ac micro 

grid. Both the AC and DC Microgrid can operate in the two modes in the power system 

network. 

2.1.2. Operating modes of Microgrid 

2.1.2.1. Grid connected and islanded mode 

Microgrid operates in two modes; grid connected and grid disconnected mode. Grid 

connected microgrids are able to provide uninterrupted power supply where island operated 

microgrids run by braking away from the grid, depending on the power generation and load 

demand with suitable market policies. Generally microgrid operates in interconnected mode. 

In a research work, the author has analysed the control strategies for an island operated 

microgrid system [12]. In such conditions, the microgrid must have the capability to operate 

autonomously and stably.  The design, control, and optimization of island microgrid systems 

are usually very complex tasks in remote areas. Review results of [12] shows that systems are 

those consisting of a PV Generator and/or Wind Turbines and/or Diesel Generator, with 

energy storage system are most frequent system. In addition, load shedding strategies are 

analysed properly. 

 

In any abnormal condition microgrid should disconnect itself from main grid and to be 

shifted to islanded operating mode [13]. The deviation in voltage and frequency becomes 

more prominent when microgrid is shifted to islanded mode from grid connected mode. In 

grid connected mode of microgrid, the voltage and frequency are controlled by the grid. 

When the microgrid operates in island mode [14], one or more primary or intermediate 

energy sources should be controlled by adjusting its voltage and frequency. If the frequency 

reaches to a poor value, the load may be momentarily shaded. To maintain the system 
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frequency some control methods are used. Some existing microgrid frequency control 

methods are classified as primary and secondary frequency regulation in traditional power 

system. These methods give very fast response when load fluctuates with large amplitude. To 

overcome the drawbacks of existing frequency control method, an improved frequency 

control method is proposed. This makes the system steady when load fluctuates rapidly. 

Simulation results prove that this effective control strategy repress the drawbacks and 

improve frequency stability of microgrid system in some extent [15]  

 

 A new approach in microgrid mechanization is modelling an intelligent and self controllable 

microgrid system which can automatically manages the load demand. In this type of control, 

central controller of microgrid can communicate with the loads and give direction to isolate 

from the grid in any unnecessary condition. This feature reduces the overall load demand 

from the system in peak-load hours [16].  In this type of hybrid system, frequency fluctuation 

may happen due to random load fluctuation. Thus Computer based Monitoring system may 

be provided for power quality control to oppose frequency fluctuation. Different control 

techniques have been implemented for efficient operation of AC and DC microgrids. 

 

2.1.3. Different control strategies for AC Microgrid 

Different control techniques have been designed for controlling the operation of Microgrid 

based on some characteristics. There are two basic control techniques are used in microgrid 

operation; 1) droop control 2) active load sharing [17]. 

 In an island operated AC microgrid, two important tasks are considered. The first one is to 

maintain the voltage and frequency stabilities   and the second one is share the load demand 

among various parallel connected Inverters. Different control schemes have been discussed 

for AC microgrid. Some control methods like master/slave control, communication based 

control methods and distributed control methods perform a good current sharing, however 

these methods are not productive due to their low reliability and redundancy. On the other 

hand, the droop control method avoids communication lines/cables which increase system 

reliability and flexibility. For further improvement, virtual structure-based method, common 

variable based methods, signal injection method are able to overcome the inherent drawbacks 

of droop control method [17]. 
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A brief description is for grid interactive ac microgrids structures, controls and power 

management strategies are presented. Control methods for power electronics interfaced 

distributed energy units in grid connected ac microgrids are discussed well. Finally future 

challenges and opportunities are analysed in [18] to achieve a more intelligent and flexible 

AC grid. 

2.1.4. Different control aspects of DC Microgrid  

In case of multiple DC micogrids, Hierarchical control method is a universal move towards 

standardization of Microgrid. In this method, the levels are considered as primary level, 

secondary level, and tertiary level. The power balancing strategies are categorized as: 1) 

centralized 2) decentralized 3) distributed.  Master slave Method, average current control 

method is referred as current sharing method. 

2.1.4.1. Basic Control Techniques 

Two basic control techniques of microgrid viz. active load sharing and droop control [19]. 

2.1.4.1.1. Active load sharing 

Active load sharing controls voltage level by communicating with converters of energy 

sources and maintain the constant voltage of DC link. In this type of control, high speed 

communication links transmit signal of power generation. Central controller communicates 

with load and storage devices and directs them as per load demand requirement. The 

operation gets fast if there is no problem in communication channel [20]. Active load sharing 

is classified as centralized controller, master-slave controller, and circular chain controller. 

Centralized controller requires high-speed communication and reliability deteriorates due to 

single point of failure. In master slave mode one converter acts as a master and operates as 

voltage source converter the other one acts as slave and operates as a current source converter 

to regulate DC microgrid voltage. 

2.1.4.1.2. Droop control 

Droop control is mainly used in parallel operation of DC-DC, AC-DC and DC-AC converter. 

When two or more converter is operated in parallel, that converters are acts as a voltage 

source. In this condition a circular current is generated due to existence of impendence in 

distribution cable. These methods require interconnection between converters which increase 

complexity in system [21]. 
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Various control techniques are proposed for DC microgrid. Droop control, muster slave 

control, average current control technique, centre limit control methods and these are widely 

used for load sharing in DC microgrid. Most of these methods involve some forms of 

drawbacks. These methods not only restrict the location of DG units but also the reason of 

system failure thus increases the cable line noises [22]. DC bus signalling is used to control 

the DC microgrid. But this control method is preferable for small DC microgrid where line 

resistances are negligible [23]. 

2.1.4.2. Centralized and decentralized control 

DC microgrids have become efficient model due to high efficiency, reliability, and easily get 

interconnected to renewable energy sources comparison to the ac system. Power management 

strategies of dc microgrid are: 1) to make sure equal load sharing (in per unit) among all 

micro sources; and 2) to keep low-voltage regulation of the system. According to power 

balancing strategies there are two types of control methods in DC micro grid; centralized and 

decentralized control. In centralized control a central controller uses communication links to 

communicate with all Distributed generating (DG) units. This proposed method increases the 

system complexity and sometimes communication link failure occurs thus system reliability 

deteriorates. For decentralized control the DG unit uses local variables. This method does not 

require any communication link [24]. Decentralized controller for dc microgrid is introduced 

to ensure proportional load sharing and improve voltage regulation. The advantages of de 

centralized method are low-voltage regulation; high reliability, stability, and equal load 

sharing, to confirm the feasibility of the system [25]. 

 

2.1.4.3. Hierarchical control method 

Hierarchical control of DC microgrid includes primary, secondary and tertiary control [26] 

[27]. 

 

1. Primary Control 

Primary control method is based on voltage droop, and current. The droop magnitude is 

obtained from error signal of converter output.  This method communicates less in power 

sharing among the distribution energy resource system [28]. 
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2. Secondary control 

Secondary control method maintains the voltage regulation with the microgrid central 

controller. It helps to re-establish the system from voltage deviation caused by droop control 

and controls the power flow with other DC microgrid or distribution system [29]. 

 

3. Tertiary Controls 

 This control approach works on energy management which aims to control DC microgrid in 

optimal mode. This method also includes energy efficiency, stability and economic issues 

related with the system [28].The hierarchical control method is applied for both grid 

connected, island mode[30] and the control technique makes the system flexible. 

2.1.4.4. Current Sharing Methods 

Many control techniques have been established in the past decades to solve the problem of 

load sharing in parallel operation. A well-established control method is frequency and voltage 

Droop or droop control method which significantly improves the load-sharing capability. 

However, this method can only applied for a specified range of operation. To achieve this 

appropriate current sharing and voltage regulation in parallel system a generalized model 

using IACS (Instantaneous Average Current-Sharing Control Scheme) has been developed. 

This technique requires interconnections among inverters for information sharing which is 

based on instantaneous average current-sharing control. A general model of a single-phase 

parallel-connected inverter system is considered in this work [31]. This model consist the 

detail of the control loops that employ a proportional-resonant controller, but not the 

switching action. A new gain scheduling technique has been invented for the controller to 

improve the current and power sharing strategies, where different line impedance is 

considered among all the inverters. The results of the simulation show that the adaptive gain-

scheduling approaches improve conventional controller performance in terms of current and 

power sharing among inverters under various line impedance conditions. 

2.1.4.5. Gain scheduling technique with soft computation 

In the area of optimization, many researchers have indicates that fast computation techniques 

are better compare to the slower conventional methods. So the recent focus has shifted 

towards soft computation techniques due to the needs of optimum results in short interval. A 
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new voltage control method has been developed that combines fuzzy control with Gain 

scheduling techniques to achieve the proper power generation and energy management 

strategies of standalone and grid connected DC microgrid system. The method is used to 

control the DGs under normal and fault condition under load variation. In DC microgrid a 

control strategies for three phase VSI combined with three phase load, utility grid has also 

been suggested under various working condition [32]. 

 

2.1.4.6. Active and reactive power control using FACTS device 

 The potential benefits from renewable energy sources are extend gradually over past two 

decades and development of microgrid consisting with renewable energy sources are 

becoming an important research area in modern power system. Microgrid consists of 

renewable sources which are placed close to the load side. In order to control active and 

reactive power each single DG and it’s smooth Operation and control voltage frequency of 

AC, DC and hybrid AC/DC microgrid system, various methods like FACTS (flexible 

alternating current transmission system) and storage devices, multiagents, optimization 

techniques have been focused in [33]. 

The technical and economic benefits obtained from Microgrids are generally classified as 

reduced emissions, improved efficiency, Power Quality and Reliability. Development of 

microgrid is rising day by day with advanced power electronics and control strategies. Still 

the biggest concern is high installation cost of these renewable energy systems to our general 

customer. 

2.2. Economic aspects of Microgrid 

 In rural areas where transmission lines are not possible to be provided, hybrid renewable 

energy sources (HERS) can be a good substitute of this problem to ensure cost effective and 

reliable delivery of power. Renewable sources like solar and wind energies are depended on 

climate condition. However to get an uninterrupted power supply, microgrid has found as a 

solution to overcome the drawbacks of one another. 
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2.2.1. Involved cost and cost components- 

 Total annual cost parameters of a microgrid consist of operation or generation cost, 

installation cost, maintenance cost and utility cost [34]. Installation cost is different for 

different types of generating units. Installation cost for microgrid forming equipments, 

switching equipments, transformer, and controller, underground and overhead cables includes 

a huge amount. Generation cost includes fuel cost. Minimization of fuel cost is the main 

objective function in generation scheduling problem. Cost of these microgrid forming 

equipments and running cost of different renewable energy sources are analyzed in 

[35][36].To keep the generating units in a good working condition, maintenance cost is 

associated with the total annual cost. In grid connected mode, utility cost has to be 

considered. The microgrid could sell excess energy to main grid and also purchase essential 

power from utility providers [37]. Different energy storage technologies include super 

capacitor, flow batteries, and pumped hydro etc in distributed energy system [38]. Large 

energy storage system may increase total cost of the system so a proper analysis is required to 

get a cost effective system. 

2.2.2. Involved cost with storage units 

For ensuring continuous power supply to the demand side, storage system is very important 

for hybrid renewable energy system. Different types of storage units and their cost, related 

with their characteristics are brilliantly discussed in [34]. When cost is compared between 

stand alone system and grid connected system, such comparison should include issues like 

power quality and reliability, protection of the system.  

A typical solar home system has been presented for cost assessment. Here considering the 

main cost components such as cost of a solar panel, total energy cost and cost of the storage 

battery. It has been identified that the four features, cost of solar PV panels, cost of battery 

and its longevity, bank interest rate plays the most significant  role in determining the total 

energy cost. Solar installation cost is also taken into concern and the results proved that the 

total cost of energy is significantly higher for storage battery unit than that of the solar PV 

panel [39]. 

 

A new photovoltaic converter system is proposed to execute an innovative maximum power 

point tracking technique at a minimum use of cost. Here three Functions, maximum-power-

point tracking, inverting and battery regulation are needed a photovoltaic system with battery 
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back-up system. They are incorporated in a single converter which is cost effective. This 

converter operates maximum amount of photovoltaic cell, charges the battery and forms a DC 

to AC inverter to supply a complex power load. This charger allows the arrangement of low-

voltage batteries with high-voltage PV arrays [40]. 

 

 Optimization techniques are the most important tool in real world applications. Our valuable 

resources like time, money, fuel are always limited. These valuable resources are tried to use 

optimally by using some optimization techniques under various constraints. Different 

optimization algorithms are applied to achieve the optimum power generation. The optimal 

use of fuel cost generation is calculated by the application of the optimization techniques.  

2.3. Optimization techniques for cost calculation 

The reliability and economy of the system depends on unit sizing and optimization of the 

hybrid system, so it is a method to determine the size of hybrid system components by 

maintaining system reliability and system cost. System cost varies with the size of the system 

components. Over sizing of the system components will intensify the cost whether under 

sizing components can make inadequate power supply, so proper optimization techniques 

should be applied to get proper configuration. 

Optimization techniques can be carried out in different ways. Considering the nature inspired 

algorithm and they are divided into two categories. One is deterministic technique, and other 

is stochastic technique. Again stochastic techniques are divided into two categories: Heuristic 

and Meta–Heuristic techniques. Meta–Heuristic techniques are also updated as Morden Meta 

Heuristic techniques which use different nature inspired algorithms such as genetic algorithm 

(GA), Differential evolution (DE), Particle swarm optimization (PSO) and Ant colony 

optimization (ACO), Bee Colony Algorithm (BCA), Cultural Algorithm (CA), cuckoo search 

algorithm (CSA), bacteria foraging algorithm, plant growth simulation algorithm etc. Many 

models have been developed on micro grid and several optimization techniques are described 

related to operating cost of micro grid.  Differential evolution (DE), Bee Colony Algorithm 

(BCA), Cultural Algorithm (CA) and Cuckoo search are the most popular nature inspired 

algorithms among them. 

Some reviews on application of the soft computing techniques for minimization of cost 

related to microgrids have been discussed in the following subsections 
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2.4. Application of soft computation 

2.4.1. Unit Sizing optimization of Microgrid 

An attempt has been made for solving hybrid energy system (HES) design problem by 

applying a new meta-heuristic algorithm called as Cuckoo Search algorithm. The optimal 

sizing is done for three different systems i.e. Photovoltaic-Battery, Wind-Battery and 

Photovoltaic-Wind-Battery system in a remote area located at Almora district of Uttarakhand. 

The effective Cuckoo Search algorithm is investigated for designing different hybrid energy 

system problem [41] [42]. Here in [42], its performance is compared with other well-known 

optimization algorithms like Particle Swarm Optimization (PSO), Genetic Algorithm (GA) 

.Optimization results proves that hybrid integration of photovoltaic, wind and battery storage 

system is most reliable and economical system using CSA for the study area. 

 

To get optimal unit sizing of renewable hybrid energy system a method is discussed in 

standalone mode by using Bees algorithm [43]. To optimise the sizing, two types of 

renewable hybrid energy systems are considered to supply the load demand of a remote area 

in Kerala. Here cost per watt for solar panel is quite high in comparison to hydro plant and 

wind turbine. one the other hand, the hybrid system comprising of hydro-wind and fuel cell 

which is more feasible and cost effective. 

A method is introduced in [44] to optimise the sizing of four hybrid system (PV/wind/diesel, 

PV/diesel/battery, PV/wind/diesel/battery and wind/diesel/battery) by using DIRECT 

(Dividing RECT angles) algorithm. These experiments are done with the collected hourly 

data of wind speed, solar radiation, and ambient temperature for a period of 5 yrs. Finally the 

result shows that the mathematical model of PV/wind/diesel system with battery bank is the 

most cost effective as it satisfies the customer load demand. 

A dynamic programming procedure has been developed to design micro grid configuration 

that optimise the system cost by maintaining the system reliability [45]. This procedure is 

introduced to decide the location and possible interconnection between sources and load 

points. A new approach, called unit link addition-is also introduced with this dynamic 

programming which reduces the demand of storage units in the system. 

 

 



21 | P a g e  
 

2.4.2. Minimization of single objective function 

A cost optimization scheme is discussed on minimization of fuel cost with several power 

sources. The micro grid is comprised with two reciprocating gas engines, a combined heat 

and power plant and a wind, photovoltaic cell.  The main objective is based on minimization 

of fuel use of the system while it is maintaining the supply of load demand of the system. The 

optimization approach with the idea of communication infrastructure minimise not only the 

generation cost but also helps in coordination among easily available sources in power plant 

[46][47]. 

2.4.3. Optimization of multiobjective functions 

A multi objective economic dispatching model for micro grid is used to minimise the 

generating cost, customer outage cost and emission cost. Here maximum fuzzy satisfaction 

degree method and particle swarm optimization techniques are used to convert the multi 

objective optimization problem into a nonlinear single objective optimization problem [48]. 

An economic dispatch model for micro grid with centralized controller is also used in order 

to minimise the production, depreciation and emission cost [49]. 

A non linear constrained multi objective optimization problem has proposed for a grid 

connected mode, where fuel cost optimization is done as well as the emissions of Nox, SO2 

and CO2 reduction are taking into consideration. The micro grid model consists with 

photovoltaic array, wind turbine, micro turbine, diesel generator and fuel cell. The main 

objective function is to minimise the generation cost as well as emissions of the system while 

satisfying the system load demand [50]. 

 A fitness function is presented in [51] to optimise multi objective function such as fuel cost, 

generation cost, depreciation cost and environmental cost. Here the micro grid consists with 

micro turbine, wind turbine, photovoltaic arrays and fuel cell. Weight coefficient N is 

considered here to maintain the proportion of generating and environmental cost in both 

island and grid connected mode.  
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2.4.3.1. Economic load dispatch problem 

Generating scheduling of hydrothermal plants has played an important role in power system 

area. The author has applied Differential Evolution (DE) technique to solve short-term 

hydrothermal scheduling problem [52]. The invented algorithm is tasted on multi-chain 

cascade of hydro units and an equivalent thermal unit. The obtained results have compared 

with other effective algorithms like GA and PSO. The results show that variants of DE 

produce better results in terms of cost and computation time. It is found that different variants 

of DE can also produce good quality solution for short term hydrothermal scheduling 

problems  

 The authors presented here an economic dispatch (ECED) problem by taking both the 

economy and emission as objectives. Here DE technique is used to solve ECED problems 

with considering equality as well as non-equality constraints. The results of this method 

compared with fuzzy controlled genetic algorithm (FCGA) and Newton-Raphson method for 

six-generator system. It is noted that that proposed method provides better result in terms of 

less computation time, fuel cost and emission in comparison with other methods [53]. 

 

Here in [54] the authors have been introduced a solution for economic load dispatch (ELD) 

problem using a nature inspired algorithm called Cuckoo Search Algorithm (CSA). The 

proposed method has been applied to various systems like three generating unit system and 

six generating unit system. The author showed that the ELD problem supplies the load 

demand at minimum running cost. The results proved as an efficient method when compared 

with the other optimization algorithms. 

 

The power generation of thermal and hydrothermal plants can be easily determined by using 

short term hydro-thermal scheduling (HTS) solutions, so that total fuel cost of thermal units 

is minimised in a given period. The cuckoo search algorithm (CSA) method is a meta-

heuristic algorithm is applied on this HTS problem, while considering power loss in the 

transmission system and valve point loading effects in thermal units. The proposed CSA has 

been applied on many hydrothermal units for various fitness function i.e. fuel cost function. 

The literature reviews of [55] has showed that proposed CSA is very effective algorithm in  

comparison to other algorithms especially for non smooth fuel cost function of thermal units. 
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2.4.3.2. Applications based on Meta-heuristic Algorithms 

A cost optimization technique by using differential algorithm (DEA) is presented in [56].The 

optimization technique is very effective and provides optimal power to the generator by 

taking consideration of cost function of each component. The system controller responses 

changes continuously when there is any change in operating condition like variation in load 

demand, variation in battery state of charge, and  also mentioned that these responses are 

affected by several factors such as weather condition, actual power demand and  maintenance 

cost. 

Cost components of different systems like photo voltaic cell, diesel engine, wind turbine, fuel 

cell and micro turbine are studied in [57]. Some soft computational techniques like Particle 

swarm optimization (PSO), Craziness based particle swarm optimization (CRPSO), Artificial 

bee colony (ABC) these three algorithms are used with least use of diesel engine where the 

total operating cost of the microgrid is minimised. In this case ABC based algorithm has 

proved as best economic procedure. 

The author has introduced a multi objective optimization problem where hybrid cultural 

algorithm (CA) is applied for minimising real and reactive power loss. Using this algorithm 

the real power cost is also taken as second objective function. Here sequential operation has 

done to minimise active and reactive power loss and cost of generation. IEEE 30 bus system 

is taken as standard for the proposed method. Optimisation is done in such a way that, at first 

generation cost is optimised and then generator bus voltages, real power outputs, tap settings 

of transformer is optimised. The obtained result was compared with other heuristic 

approaches.  And the simulation result shows that the proposed algorithm is able to reduce 

the generation cost and provide higher power loss reduction as compared to other heuristic 

algorithms [58]. 

Artificial bee colony (ABC) algorithm has been efficiently applied to solve a DG placement 

problem with considering both technical and economic aspects. The technical objectives try 

to optimise line loss, variation in node voltage deviation and the effect of voltage sag problem 

in a distribution network. The other objectives i.e. economic objectives are try to optimise 

operational costs of DG placements. This proposed method has been implemented in a 34-bus 

radial distribution system. The obtained results revels that how significant amount of 

equivalent cost savings can be done when the system does not include any DG system [59]. 
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Genetic algorithm is employed in an optimal model of micro grid consisting of wind turbine, 

PV array, CHP system and battery system [60]. A comparison has made before and after 

optimization and electricity is provided to the customer at a reasonable price in an optimal 

period and at the same time it meets with various constraints on the basis of equipment 

performance, weather conditions, load details, tariff details and other necessary information.  

A photovoltaic based micro grid is presented as a distributed intelligent energy management 

system (DIEMS) to optimise system cost. Depending on the prediction module (Fuzzy 

ARTMAP) of the DIEMS system, an optimization approach is developed by using heuristic 

methods. The proposed DIEMS system reduces not only the cost, but also improves the 

system operation at lower maintenance of storage units and it improves battery life of the 

system [61]. 

 Bacterial foraging algorithm (BFA) is used for minimization of cost and control the optimal 

operating strategy. Multi objective functions such as emission cost of NOx, SOx and CO2 as 

well as generation and maintenance costs are considered here. Battery storage unit is used to 

store excess energy while constraining it to meet the load demand which is beneficial for the 

system [62]. 

In this paper particle swam-based–simulated annealing algorithm and (PSO-B-SA) 

(SALHEEA) ALGORITHM is used respectively in order to minimise the micro grid’s 

operating cost, emission cost and maintenance cost. The simulation study is demonstrated for 

16 bus system. It is found that the optimisation technique works well and delivers optimal 

power to the micro sources [63]. 

2.4.3.3. Applications based on Modern Meta-heuristic Algorithm 

 A newly modified cuckoo search algorithm (MCSA) is proposed in [64] for solving short-

term hydrothermal scheduling (HTS) problem. This HTS problem is used to minimize total 

cost of thermal generators, while satisfying other constraints such as generator operating 

limits and water availability. The proposed MCSA method has been tested on different 

systems and a good comparison is carried out with CSA and other methods available in the 

literature of [64]. The result has indicated that the proposed MCSA can be a new efficient 

method for solving short-term hydrothermal scheduling problems.  
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A novel optimization algorithm is proposed to optimise a multi objective problem with 

generation cost, emission, and total power losses as objectives. A hybrid cuckoo search 

algorithm (HCSA) is used which founds as a cost effective algorithm compared to other 

existing methods. The programming has become more complex due to increase in no of 

evolutionary operation which may increase execution time [65]. In another work, a hybrid 

cuckoo search algorithm (HCSA) is combined with fuzzy algorithm for solving multi-

objective unit commitment problem [66]. In this case CSA provides best outcome with fuzzy 

logic algorithm. 

 

Recently, many software tools have been developed for suitable generation technologies and 

their sizes. These software packages have made the study of hybrid systems easier and 

interesting. Some studies has analysed the reliability of hybrid systems while others consider 

different types and sizes of the available generation resources to reduce fuel costs, investment 

costs and improve system operations.                               

 

2.4.4. Soft computation based software tools for evaluating system 

performance 

 
Some simulation tools are the most common tools and also applied for evaluating the 

performance of the hybrid system, such software tools are HOMER, HOGA, HYBRID, and 

HYBRID2. 

HOMER (Hybrid Optimization Model for Electric Renewable) is used extensively for several 

case studies. HOMER is developed by national renewable energy laboratory. The software 

tool uses hourly based environmental data for the evaluation of performs that is based on the 

net present cost of HERS system [67]. HOGA (Hybrid Optimization by Genetic Algorithms) 

is a hybrid system simulation software tool which is produced by Electrical Engineering 

department of the university of Zaragoza Spain. The performance of the simulation is 

executed, using 1 hr intervals [68]. HYBRID software tool is developed by salaries HOMES. 

This is a designing tool and can simulate one configuration at a time [69]. HYBRID2 is 

developed by renewable energy research laboratory (RERL) of the University of 

Massachusetts. The simulation is executed using 10 min-1 hr intervals [70]. 
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2.5 Conclusion 

A good comparison is carried out between AC and DC microgrid where the comparison 

result reveals that inrush currents caused by transformers, synchronization with DG units, 

voltage level control and system stability are still the most important challenges to consider in 

the AC microgrid systems contrary to the DC microgrid systems. In addition, DC micro grid 

has better protection, simple control strategies and absence of skin effect as advantages over 

ac micro grid.  Different control strategies are discussed for AC and DC microgrid. Microgrid 

develops day by day with advanced power electronics and control strategies. A new approach 

has been introduced to design an intelligent and self controllable microgrid system which can 

automatically manages the load demand. Still the biggest concern is high installation cost of 

these renewable energy systems in microgrid scheme. To optimise the cost function soft 

computing techniques are adopted and some literature reviews on soft computing techniques 

are discussed well. It has proved that cuckoo search algorithm is very effective for cost 

optimization in microgrid. In case of unit sizing optimization, CSA is a good approach 

compared to other well known techniques like PSO, GA, bacterial foraging algorithm. For 

economic load dispatch problem the results obtained by DE is much better compared to GA, 

PSO and fuzzy controlled genetic algorithm. PSO, CRPSO, ABC algorithm are used to 

minimise the total operating cost for different system and ABC has proved as best economic 

procedure. For short term hydro scheduling problem CSA is proved as an efficient algorithm 

especially for non smooth fuel cost function of thermal units. Again a newly modified cuckoo 

search algorithm (MCSA) shows better result than CSA. From the literature reviews it can be 

assumed that CSA would be beneficial algorithm for this cost oriented optimization problem 

as Cuckoo Search is very reliable process to solve complex optimization problems with 

various constrains. 

The increasing demand of electricity is driven by the connection of electricity in new homes, 

businesses and increase in the use of air conditioners and high power consuming electrical 

equipments. This puts increased pressure on the network and requires large investments to 

cope with increasing demand. To deal with this increased demand in microgrid, demand side 

management (DSM) or energy demand management program has been introduced which is 

discussed in the next chapter. The aims of Energy demand management is to encourage a 

change in electricity use through various methods such as financial incentives and change in 

habit through education. Finally, DSM has a major role to play in deferring high investments 
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in generation, transmission and distribution networks. Thus DSM applied to electricity 

systems provides significant economic, reliability and environmental benefits. 
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CHAPTER 3 
ENERGY DEMAND MANAGEMENT 

 

3. Energy demand management or Demand side Management 

The electricity network is designed to accommodate peak use.  Sometimes we do not require 

expanding the network to provide extra demand as reducing high demand will be enough. 

Usually, the main goal of demand side management (DSM) is to encourage the customer to 

use less energy by changing the patterns of energy use, especially at times of peak demand. 

For an example, by using energy storage units to store energy during light load period and 

utilize them during peak load period. 
 
 

3.1. DSM programs in some leading countries 

This section presents some countries where demand side management programs have 

implemented successfully and expected results have come. 

 

A. Europe (the Netherlands) In Netherlands Energy efficiency has been started as a policy 

which gets priority to the Dutch government for 25 twenty-five years ago. Upon request from 

government, Dutch companies must specify what efficient technologies they are 

implementing. This energy efficient technology with a payback period of 4-5 years must be 

carried out from environmental aspects. 

The Energy Premium Scheme (EPS) was established in the Netherlands for promoting high 

energy saving technologies in households. Demand side management has been studied on 

non conventional sources in the Europe. The benefit of the studies is improved the lifestyle of 

people in the Europe. 

There is rapid growth in market for A-labelled appliances (energy efficient appliances). It has 

been seen that the market share of A-labelled refrigerators grew from 27% in 1999 to 68% in 

2001. A-labelled washing machines sales grew from 45% to 88%; efficient freezer sales grew 

from 29% to 67% and energy efficient dishwasher sales grew from 27% to 73%. 

Furthermore, more improvements are recommended for their clients by Dutch retailers [71]. 

 

B. Japan After World War II, the energy consumption of Japan is increased rapidly along 

with economic development. In year 2000, Japan's energy consumption was about twice that 
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in 1970 and nine times greater than in 1955 [71]. On the other hand, Japan has almost no 

domestic Energy resources; therefore, Japan's energy supply structure deteriorates gradually. 

In 2003, the Japanese Government published the Energy Master Plan, with the four principal 

objectives. They are energy efficient, diversification of imported energy sources i.e. increase 

the use of the domestically produced energy. In recent years Japan has implemented many 

solar and wind system to reduce high energy demand. As a result of these, oil's share of 

Japan's primary energy supply has reduced from 78% at the time of the oil crisis to about 

50% and in recent Years and subsequently it has been declined to 45% in 2010 [71]. 

 

C. United States (California) In 2001, California responded against "electricity crisis", with 

a number of demand-side policies that were truly remarkable. A significant amount of 

funding is involved with these policies for energy efficiency programs. In all, more than $1.4 

billion funding was approved for demand reduction scheme [72]. Demand Side Management 

measures are estimated at present in 2.6. It means that each dollar is invested in Energy 

Efficiency (EE) programs and 2.6 dollars comes out in terms of benefits.  In 2001, the effect 

of all California programs and policies shows that a 10% cut in peak demand during the 

summer months. These energy efficiency and conservation efforts reduced peak demand by 

5,600 MW. The direct implementation of energy efficiency program achieves significant 

energy demand reductions and a very cost-effective price. 

 

D. Brazil  In Brazil, a national Program i.e. PROCEL (Program National de Conservation de 

la Energy Electric) operates for Electricity Conservation since 1985. The main objective of 

the program is to encourage the efficient use of non-renewable energy sources in the 

residential, commercial, industrial and agricultural purposes. In the commercial sector, 

PROCEL optimize the energy consumption of commercial facilities through energy 

efficiency program. PROCEL has investment in public administration as manager of the 

consumer unit. These units improve in the quality of lighting systems, refrigeration and other 

relevant systems. The other main activities related with the program are promotion in the use 

of natural gas as fuel, reduction in the diesel consumption, stimulus of new technologies in 

the electrical devices field. Implementation of energy efficiency program achieves significant 

energy demand reductions at a very cost-effective price. 
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3.2. Basic objectives of Demand Side Management
 

 Demand management is important to efficiently expand the network and keep electricity at a 

minimum price to the customer. 
 

Two basic objectives of DSM programs are: 1) reduce total energy consumption by adding 

high-efficiency equipment and building design, and 2) encourage the customer to use 

minimum energy during peak hours, and use required energy at off-peak hours. [73]. 

 Energy Efficiency (EE), Energy Conservation (EC) and Demand Response (DR) these three 

concepts enhance the basic objective of DSM. 

 

A. Energy Efficiency (EE) 

The aim of energy efficiency is to install energy efficient technologies or the elimination of 

energy losses in existing systems. . Some examples of energy efficiency are:   

  Replacing incandescent light bulbs with compact fluorescent or LED bulbs. 

 Use of automatic thermostats. 

 Use halogen light bulbs for outdoor lighting because they save 25% of energy than 

traditional incandescent bulbs. 

 Insulate home by adding new insulation to ceilings, attic and walls to make sure that 

it will keep warm air inside during winter and help to trap cool air from air 

conditioner inside during summer.  

 Replace the old appliances with energy star certified appliances due to their energy 

efficient module.  

 

B. Energy Conservation (EC) 

Energy conservation involves using less no of resources, usually by making change in habit 

or life style. Some steps for energy conservation are given:  

  Turn off lights while leaving the rom. 

  Keep the thermostat temperature lower from 18°C to 15 °C for heating systems. 

  Wait until the clothes washing machine is full to run. 

 Use of light clothes during summer season. 

 Use natural gas for heating purpose. Natural gas is cheaper than other heating fuels.   
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C. Demand Response (DR) 

Demand Response involves electricity Price and market policies. Here a customer is 

encouraged to use minimum energy during peak hours, and utilize required energy at off-

peak hours. Dynamic pricing is a new metered load management tactic that uses price signals. 

Demand Response (DR) includes an Advance Metering Infrastructure (AMI), in order to 

aware the users of his energy consumption and the related cost. [74]. 

 It can be seen that energy efficiency programs are linked with technological solutions, 

whereas energy conservation are depended on the side of consumers' behavior, and finally 

demand response efforts are based on the price of electricity and market policies. Fig. 3.1 

implies that all three types of activities are complementary and significant for saving energy. 

 

 

 

Fig:3.1 Three objectives of demand side management [71] 
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3.3. Benefits of DSM and future opportunities 

 Demand-side management (DSM) has been usually seen as a means of reducing generation 

margin. In fact, by reducing the overall load demand on the system, DSM has different 

beneficial effects. These beneficial effects are reducing the number of blackouts, mitigating 

electrical system emergencies, and increasing system reliability and stability. Benefits of 

DSM can also reduce the dependency on foreign energy sources and reducing emissions to 

the environment. 

There are various reasons for which the DSM must be promoted. Some of them are as 

discussed [75] 

a) Cost reduction- DSM and energy efficiency efforts have been introduced where rates 

are higher during peak periods and lower during off-peak periods. This kind of planning will 

help to reduce the total costs while meeting energy demand. 

 

b)     Environmental and social improvement- Energy efficiency and DSM promote some 

energy efficient technologies that will reduce the energy cost leading to reduced greenhouse 

gas emissions. 

c)      Reliability and network issues- Prevention of some serious problems in the electricity 

network through reducing demand in ways which maintain system consistency and defer the 

need for network expansion for longer term. 

d)     Improved markets- Short-term responses to electricity market conditions particularly 

by reducing load demand during peak hours when market price is high. This may reduce 

generation or network capability. 

3.4 Conclusion 

DSM programs have been designed and implemented during the last three decades in various 

regions and nations worldwide. Still some improvements are pursuing on demand side 

management programs. New targets and incentives are allowed for EE, EC and DR programs. 

Substantial and consistent funding is provided for residential and utility energy efficiency 

over many years, which assures that energy efficiency programs will persist. These have 

helped lead to the development of a skilled and devoted energy efficiency work for 

sustainable development. With considering all aspects as per requirements, a system has been 

developed to deliver power in a small locality. After thorough review on topics on internet it 
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can be stated that the work on non conventional subjects is not very common but several 

works could be found on conventional topics. In this thesis demand management 

programming on non conventional topics have been studied. And an demand management 

program is try to adopt  to cope with excess energy demand in an economical way, Here an 

objective function is  presented on nonconventional  source to evaluated total annual cost of 

the system which is elaborated in the next chapter.  
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CHAPTER 4 

COST OPTIMIZATION IN MICROGRID AND 

PROBLEM FORMULATION 

4.1 Introduction 

The optimum cost calculation of a microgrid system is one of the major problems in power 

system operation. Diesel generator sets are often used to cope with load demand variation but 

it is must said that it has an adverse impact by emitting harmful gases in the environment. 

Renewable energy sources are played vital role to reduce this adverse effect along with 

saving the running fuel costs. India is an agricultural country, about 65-70% of our 

population depends on agricultural [76]. So biomass resources are abundantly available and 

the potential can be used to generate electricity. According to West Bengal Renewable 

Development Agency (WBREDA) [77], solar potential is fair enough to generate electricity. 

Though wind energy is not a good substitute in west Bengal but it has 22 Mw installable 

potential to generate electricity [78]. Wind energy is place-dependent and usually varies from 

season to season. As solar system and wind turbine system does not include any operational 

cost, thus many experiments are carried out to extract huge amount of energy from them. 

An optimum cost calculation problem has been studied here by considering two sets of 

distribution energy resources. Case 1 comprises of biomass gassifer unit (BMGU), solar 

panel system (SPS) along with battery storage system (BESS) and case 2 comprising of 

biomass gassifer unit (BMGU), solar panel system (SPS) and wind turbine generator (WTG) 

along with BESS. The load demand data is taken from the actual hourly load data for 

consumers in a small Indian community. Here the microgrid is driven by biomass gassifier 

unit, solar modules, and wind turbine along with a battery system. The test cases have been 

chosen on the basis of anticipation of the present scenario that uses present technology. The 

results show that BMGU has low operating cost and installation cost. The adopted microgrid 

system has been connected to the customers’ load through distribution lines, transformers, 

circuit breakers and controller. 
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4.2 Objective function 

Here the total annual cost is considered as an objective function of a microgrid system. 

In general the microgrid cost includes four types of cost which is given in equation 4.1[35] 

    UMIo RRRR                                                                                                        (4.1) 

Where,     = Operating cost  

     = Initial cost  

    = Micro-grid cost and 

  = Utility cost 

 

4.2.1. Operating cost 

Operating cost varies for various types of distribution energy system for different operating 

periods. Two cases are considered here,     is considered as    for case 1(BMGU, SPS, 

BESS) and      is considered as     for case 2 (BMGU, SPS, WT, BESS). Initial cost is 

different for different renewable energy systems. Microgrid cost includes initial cost of 

switching equipments, transformers, cables, and controllers etc and the utility cost includes 

the cost when electricity is purchasing from the grid and selling to the grid. Here the 

objective function (R) has to be optimised with optimum power generation value and to find 

the optimal installed capacity of various resources. It is considered that, the control 

variables   ,   ,   ,    represents the hourly basis power generation of a day in KW and 

   ,    ,    ,    are the operating costs of biomass gasifier unit (BMGU), solar panel 

system (SPS), battery energy storage system (BESS), wind turbine system (WTS)  

respectively in Rs/KW. The operating cost for case 1 and case 2 are given as, 

Case 1 

          


24

1

24

1

16

81
,,,,,,

t

thr Bt

t

thr BtSO

t

thr SOBMBM

n

cons

m

ssbs OconshrssPOconshrssPOconshrssPNodsR

                                                                                                                                           (4.2) 

   Case 2                                                   

 

 

 

  





































 









 

Bt

t

thr Bt

W

t

thr W

SO

t

thr SO

BM

t

thr BM

n

cons

m

ssbsw

OconshrssP

OconshrssP

OconshrssP

OconshrssP

NodsR

,,

,,

,,

,,

24

1

24

1

16

8

24

1

1 1

                                                                      (4.3)                                              

                                                                                                                



36 | P a g e  
 

The number of days per season is represented by Nods.         ,    are season, consumer, 

and time index respectively. The procedure for evaluating annual running cost is as follows;   

from the above equation it is found that the generated power (    in KW) of biomass 

gassifier is multiplied with                and gives running cost for a particular hour. 

Similarly, when        is summed for 24 hours, it gives the total running cost of biomass 

gassifier unit for a day. This value when further multiplied with total number of days (    ) 

in a season it gives the total running cost of the gassifier for a season. Mainly two seasons are 

considered here. One is summer for 243 days and other is winter for 122 days. Adding the 

cost for two seasons, we get the total annual running cost of the gassifier unit. The above 

procedure is repeated for SPS, BESS and WTS in a similar way and it will give the total 

annual running cost for the system. 

The BMGU generates electric power using any kind of wastes such as agricultural wastes, 

wood chips, rotted trees, cattle dung etc which are easily available in nature. The transfer 

function is given as [84] 

         
 

hr

LHVWNEM
PBM






3600


                                                                                     (4.4) 

 

Where M is the mass flow rate of biomass waste mixture,    is the overall efficiency of the 

biomass production unit, LHV is the low heating value of the mixture, and hr is the operating 

hours. 

The output power generated from solar energy depends on some geological and 

environmental factors which is given as, [89] 
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Where    is the derating factor,     is the rated capacity of the solar module,    and    are 

global solar radiation which depends on the surface of solar module and standard solar 

radiation for the rated capacity. 

Total available power from wind turbine depends on some factors which is given as [81] 

WW APP                                                                                                                        (4.6) 

Where η is efficiency of wind turbine generator Aw is the total swept area. 
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The other cost evaluation equations are given as, 

4.2.2. Initial Cost 

Different distribution energy resources have different initial costs.  To calculate initial cost, 

let I be the market rate of interest.     and     are interest rate on initial investment of 

biomass and battery system.        are initial cost of solar array and wind system 

respectively. Installation costs per KW capacity of BMGU and BESS are represented by 

          respectively.  
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For determining total annual depreciation cost, the installation costs are multiplied by the 

factors     and  . A sinking fund method is used to find the value of      and  .    

represents as rate of depreciation and     is lifetime of each microgrid equipment. 
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4.2.3. Microgrid Cost 

The microgrid cost is given as 

cCcblcbltfmtfmSWSWccblSWM icIicIicIicIicicicR                                           (4.10)                                  

                                                                                                                                      

Where,     ,      ,      ,     are initial cost of switching equipment, transformer, cable, and 

controller and    ,     ,     ,   are interest rates on the primary investment of switching 

equipments, transformer, cable, and controller. The multiplying factors σ,  ,    are used to 

determine the annual depreciation values for switching equipments, transformer, cables and 

controllers. 

 

4.2.4. Utility Cost  

The utility cost    is included when electricity is purchasing from the grid and the selling to 

the grid.  

Utility cost is expressed as 
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Where,    is purchasing power,    is selling power and   ,     are corresponding 

purchasing and selling rates. The rate of energy    varies for normal, peak or off load time 

implies that the cost to purchase electricity from the grid. 

 

4.3. Constraining function 

DE is the load demand for n different consumers is expressed as, 

),,(),,().,(),,(),,(),,(
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                                                                                                                                            (4.12) 

In optimization procedure the generation of BMGU, SPS, BESS, WT will never violates their 

constrains.  

)(),,(0 consICconshrssP BMBM                                                                                      (4.13) 

)(),,(0 consICconshrssPS SOSO                                                                                     (4.14) 

)(),,(0 consICconshrssPS BtBt                                                                                       (4.15) 

)(),,(0 consICconshrssPS WW                                                                                       (4.16) 

WBtSOBMWBtSOBM ICICICICPPPP ,,,,,,0 ,                                                                          (4.17) 

From (13-16) represents upper and lower limits of power generation of distributed energy 

resources. Equation 15 ensures that all of the variables are positive.     ,     ,     ,     are 

installed capacity of BMGU, SPS, BESS, WT. To minimise the objective function with 

constraining function a nature inspired algorithm is used for economic analysis of the system. 

In next chapter, this proposed soft computing method, which has been applied for these 

particular cases, is briefly discussed. 
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CHAPTER 5 
SOFT COMPUTING OPTIMIZATION 
TECHNIQUES 

5.1. Introduction 

Professor Lotfi A. Zadeh, pioneered the concept of soft-computing and defined it as “Soft 

computing is a new approach to computing which imitates the remarkable ability of the 

human mind to reason and learn in an environment of uncertainty and imprecision” [79]. The 

optimization schemes are helpful in finding the optimum solution or unconstrained minima or 

maxima of continuous and differentiable functions. These methods are analytical approaches 

and help to use of differential calculus for finding the optimum solution. The classical 

methods have limited possibility in practical applications as some of them use objective 

functions which are not continuous or differentiable. The study of these classical techniques 

helps for developing most powerful numerical techniques that have evolved into advanced 

techniques to solve practical problems. 

5.2. Classification of Optimization Techniques 

Optimization techniques can be carried out in different ways. Considering the nature inspired 

algorithm and they are divided into two categories. One is deterministic technique, and other 

is stochastic technique. Deterministic techniques are mainly used in physical and 

mathematical problems when they are difficult or impossible. Deterministic techniques are 

used in those cases whose resulting performance is entirely determined by its primary state 

and input. A stochastic technique is simulation procedure that traces the evolution of 

variables that can change randomly with certain probabilities. 

5.2.1. Conventional or Deterministic Techniques 

Deterministic techniques are considered as rigorous procedure, and these approaches have 

several drawbacks like more computation time, less convergence speed, less accuracy etc. 

Most of the conventional or classic algorithms have used deterministic techniques. Newton-

Raphson algorithm, linear programming belongs to deterministic techniques. Some 

deterministic techniques are known as gradient-based algorithms as they use gradient data. 

For example, Newton-Raphson algorithm is gradient-based algorithm, as it works with the 

function values and their derivatives, and it gives good results for smooth uni-modal problem 
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but gradient based algorithms does not work well for discontinues objective function. In this 

case, non-gradient algorithms which do not use any derivative are preferred. Old optimisation 

techniques like iterative method, probabilistic method, graphical construction method, trade 

off methods, 2/3 rule, Analytical Method, Optimal Power Flow, Mixed Integer Nonlinear 

Programming are not used due to their drawbacks. In recent years Stochastic Techniques are 

widely used. 

5.2.2. Stochastic Techniques 

Stochastic techniques use random variables. Stochastic techniques give better accurate results 

with less computation time and fast convergence speed. Stochastic techniques are classified 

into two categories; heuristic and meta-heuristic.  

5.2.2.1. Heuristic Techniques 

A heuristic is a technique designed to solve problems by using trial and error method. This 

technique converges very quickly but there is no guarantee that it will give optimal solution 

in a finite amount of time. Heuristic techniques further develop to Meta heuristic techniques. 

5.2.2.2. Meta-heuristic Techniques (Artificial Intelligent Techniques) 

Meta heuristic algorithms perform better result than heuristic algorithms.  Many Heuristics 

are very specific and problem-dependent techniques where Meta-heuristics are problem-

independent techniques.  To find the solution they accept a temporary deterioration which 

allows them to explore more thoroughly the solution space and thus help to coincide with the 

global optimum value.  

Intensification and diversification are two major components of any meta-heuristic 

algorithms. Diversification creates diverse solutions in such a way that the search space is 

explored on the global scale and intensification focus on the search in a local region by 

exploiting the information so that a current good solution is found in this region. 

Randomization associated with diversification, avoids the solutions being trapped at local 

optima and it increases the diversity of the solutions. The proper combination of these two 

major components ensures global optimum value of the solution. Examples of some popular 

meta-heuristic algorithms are genetic algorithm (GA), Differential evolution (DE), Particle 

swarm optimization (PSO) and Ant colony optimization (ACO) etc. There are some other 
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meta-heuristic techniques such as cuckoo search, bacteria foraging algorithm, Imperialist 

competition Algorithm, and artificial immune system algorithm.  

5.2.2.2.1. Modern Meta-heuristic Techniques (Hybrid intelligent 

techniques) 

Further meta-heuristic techniques improved to Modern Meta-heuristic Techniques. These 

hybrid optimization techniques use two or more optimization techniques together instead of a 

single optimization technique. Some modern meta-heuristic techniques such as Genetic- 

Fuzzy, Genetic -Particle swarm Optimization, Genetic- Optimal Power Flow, Particle Swarm 

Optimization-Optimal Power Flow. 

Many models have been developed on micro grid and several optimization techniques are 

described related to operating cost of micro grid. GA, PSO, DA, Bacterial foraging algorithm, 

ABC, Cuckoo search, and Bat algorithms are the most popular nature inspired algorithms.  

Various optimization techniques are shown though the following block diagram. 
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 Optimise the cost of microgrid a new Meta-heuristic optimization technique namely cuckoo 

search is used. In order to apply this algorithm in cost optimization a basic knowledge is 

required. Hence, the following sections offer a basic outline of the cuckoo search algorithm. 

5.3. Cuckoo search Algorithm 

5.3.1. Introduction  

Cuckoo search is developed in 2009 by Xin-She Yang and Suash Deb [80] and it is one of the 

recent nature-inspired meta-heuristic algorithms. The concept of Cuckoo search is based on 

brood parasitism of cuckoo species. Cuckoos generally lay their eggs in the nests of other 

host birds (of other species). However, if a host bird discovers that eggs are not their own, it 

will simply throw these alien eggs away or simply abandon its nest and make a new one 

somewhere else. This parasitic behaviour increases the chance of survival of the cuckoo’s 

generation. These cuckoo behaviours found in nature and that can be applied for various 

optimization problems.  

In describing Cuckoo Search algorithm, three idealized rules should be followed. They are, 

 

i. Each cuckoo lays one egg at a time, and randomly dumps its egg in a specific nest. 

ii. The best nests with consisting high quality eggs will carry over the next generations. 

iii. Total number of available host nests is fixed, and discovery of alien egg by the host bird 

with a probability Pa ∈ [0, 1]. 

In this case if the host bird identifies the alien egg then it simply throws the egg away or 

abandons the nest, and builds a new nest somewhere else. There is few control parameters 

used for cuckoo Search method.  This nature makes Cuckoo search very robust and reliable 

process to solve complex optimization problems with various constrains. It can also be 

fruitfully combined with other optimization techniques. 

 

 

 

 

 

 

 



44 | P a g e  
 

5.3.2. Flow chart of Cuckoo Search Algorithm 

Flow chart for cuckoo search algorithm is given in Fig 5.2 and different stages of the 

algorithm are described in the following subsection. 
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5.3.2.1. Different stages of cuckoo search algorithm  

 

A. Step 1 (Initialization of Cuckoo Search Parameters)- 

 In this step cuckoo search parameters such as maximum number of generation, 

number of population (n), number of  parameter (α),  probability of nest to discarded (Pa) are 

set in the problem. 

B. Step 2 (Generation of population in Nests)- 

 Population are generated in each nest by assigning a set of random values. This 

random value depends on following equation. [55] 

                             
                                                                                  (5.1) 

Where          
   

 represents the initial value of the     variable of     nest,        and        

indicates the maximum and minimum limit for     variable, rand is a random number 

between [0,1].  

C. Step 3 (Generate New Cuckoo Eggs by Levy Flights equation and find the current best)- 

 Obtain the best fitness value by comparing all the fitness values and also obtain the 

best nests corresponding to the best fitness value. New cuckoo eggs are produced with Levy 

flights and replace other eggs in other nests. New cuckoo eggs generation process is given as, 

[49] 

                               
     

      
   

           
            

                                       (5.2) 

Where,   is step length based on Levy flights, α is the step size parameter,   is a Matlab 

command and it gives random values between zero to one,      
   

 is the current position of 

ith nest  and         
   

 is the position of the best nest. 

 Now Step length   can be calculated by the following equation, [55] 

                                               
  

      
                                                                                 (5.3) 

 Where β is a parameter between [1, 2] normally it is taken as (3/2=1.5). 
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Determine sigma value from the following equation, [54]   where are drawn from normal 

distribution as   

    
           

  

 
 

  
   

 
     

   
 

 

   

                                                                                                       (5.4) 

D. Step 4 (Compare and replace with better quality cuckoo egg)- 

 Then a comparison carried out between host eggs and cuckoo eggs, if cuckoo eggs are better 

then it will replace the host nest and carry over next generation. The replacement is done in 

the basis of poor fitness function. 

E.  Step 5 (Alien egg discovery)- 

The probability of alien eggs discovery is Pa ϵ [0 1]. A fraction of total number of eggs in 

nests is replaced by new random solutions. Generally replaced solutions are of poor quality 

with lower fitness values. 

F. Step 6 (Termination)- 

  If the iteration no is equal with maximum iteration number then the Generation of 

new cuckoo eggs and alien egg discovery process is stopped otherwise the process will 

continue until a termination criterion is met. 

5.4. Development of the proposed algorithm in this work 

This Cuckoo Search method has been efficiently utilized to have the optimal value for the 

two types of cases, according to equations 4.3 and 4.2. The logic steps and Flow chart and of 

this evolutionary method is briefly described in the following steps. 

 

A. Step 1 (Initialization of Cuckoo Search Parameters) 

In this program Cuckoo search parameters are set at following data for initialization. Where, 

Number of parameters=4 (for case 1) and Number of parameters=5 (for case 2). 

Load demand data is set for 24 hrs for both cases. 
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Figure 5.3: Developed flow chart using cuckoo search algorithm 
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Parameter limit is set for case 1 where Column 1 and 2 shows the maximum and minimum 

limits of power generation for BMGU, SPS, BESS and grid) 

Parameter limit= 

           
            
             

              

   

Parameter limit is set for case 1 where Column 1 and 2 shows the maximum and minimum 

limits of power generation for BMGU, SPS, BESS, WTG and grid) 

Parameter limit=

 
 
 
 
 
           
            
             
             

               
 
 
 
 

  

For biomass it is assumed that it will always provide some minimum power to the system. 

Solar cell and wind turbine are weather depended. So maximum limit is 350 and minimum is 

zero. For wind turbine it is set at 170 for maximum. It is assumed that maximum and 

minimum power purchased and selling capacity is 20 KW. 

B. Step 2 (Generation of population in Nests) 

Create random initial population based on problems constrains according to equation   in each 

nest by assigning a set of random values. This random value depends on following equation 

             
                                                                                               (5.5) 

And then evaluate the fitness function i.e. cost for each individual according to the 4.2 and 

4.3. 

C. Step 3 (Generate New Cuckoo Eggs by Levy Flights equation and find the current 

best) 

Depending on evaluated cost, find the minimum cost in the initial population. Using this best 

fitness function new solutions i.e. cuckoo eggs are produced with Levy flights and replace 

other eggs in other nests. 

D. Step 4 (Compare and replace with better quality cuckoo egg) 

Compute fitness function i.e. cost of new solutions according to equation 4.2 and 4.3. 

Compare between current cost function with previous cost function and replacement is done 
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on the basis of poor fitness function and Update the position of each population in host nest 

according to the new fitness function. 

E.  Step 5 (Alien egg discovery) 

 The probability of alien eggs discovery is Pa ϵ [0 1]. A fraction of total number of 

eggs in nests is replaced by new random solutions. Generally replaced solutions are of poor 

quality with lower fitness values. 

F. Step 6 (Termination) 

If the iteration number is equal with maximum iteration number then the Generation of new 

solution and discard process is stopped otherwise the process will continue until a termination 

criterion is met. Print the best generation of host nest and optimum cost.  

Cuckoo search algorithm is proved as an efficient algorithm in this work. To initialize the 

program, basic system configuration and mathematical formulation are required to know thus 

minimum and maximum limit can be set. In the next chapter a brief discussion are given on 

biomass gasifier model, solar photovoltaic system, wind energy system and battery storage of 

these renewable energy systems. 
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CHAPTER 6 
NON CONVENTIONAL GENERATION BASED 
SYSTEM MODEL 

6.1. Introduction to the System Model 

Microgrid is mainly powered by two or more renewable energy sources which provide 

small scale power to a small community. This HRES system consists of a group of radial 

feeders, which are the main parts of a distribution system. Here the feeders consists a group 

of combination of photovoltaic cell (PV), wind turbine (WT), diesel generator (DG), fuel cell 

(FC), micro-turbine (MT) etc and conventional loads. . To supply the load demand, electrical 

power can be generated either directly by PV, WT, DG, MT, FC or any other non renewable 

resources. The fuel input is required only for the diesel generator, micro-turbine and fuel cell. 

Natural gas is a fuel input to a fuel processor to produce hydrogen from the fuel cell whereas 

the diesel oil is input to a diesel generator. Each component of the MG system is designed 

separately based on their constraints and characteristics [50].  

In this project work, biomass, solar cell, wind and battery systems are considered here. 

Biomass energy is clean energy. It does not create any harmful carbon dioxide emissions. 

Biomass unit generate power using any kind of wastes such as wood chips, sewage, rotted 

trees, manure, mulch, and tree components, cattle dung etc which are easily available in 

nature. Though installation cost for husk system is very high but running cost is low 

compared to other systems expect solar and wind system. Wind turbines and solar cells create 

power without producing greenhouse gases or radioactive waste because they do not use 

fossil fuels. Both systems have high installation cost still they are productive and efficient 

system due to their least running cost. One major disadvantage of solar and wind systems is 

they are weather depended. To make assure uninterrupted power supply to the system, battery 

or storage unit is provided with the system. Figure 6.1 shows an overview of a microgrid with 

all its components. 
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Figure 6.1: overview of a Microgrid with all its components. [81] 

 

A basic microgrid model is mainly combination of non-renewable energy sources, renewable 

energy sources and the system always consists with Storage Unit, power monitoring unit, load 

and grid connection which is optional.  

 The renewable sources that are mainly used now days are solar PV/thermal, wind, 

biomass, geothermal, tidal/wave,  hydro/micro hydro,  fuel cell and micro turbine. 

 In some cases to meet the load requirements non renewable energy sources are used 

because renewable sources are difficult to generate the necessary energy due to the 

unpredictable weather patterns. 

  Energy storage systems (ESS) are one of the vital components for a microgrid system. 

These storage units includes super capacitor, pumped hydro, flywheel storage, flow 

batteries etc in order to deal with the unpredictable variation of the energy supplied by 

renewable energy sources. 

 AC or DC loads are connected with the system using suitable converters. 

  A microgrid system can be operated either in grid connected or disconnected mode.  In fig 

a block diagram is presented here to show the operation of a grid connected system. 
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                             Figure 6.2: Operation of a grid connected system [82] 

The various configurations that could be possible from various combinations of renewable 

energy sources, storage system and loads are described in the following subsections. Many 

researchers have developed various configuration techniques to design different components 

of microgrid. Design a microgrid system, the main focus has been given on the several 

combinations of photovoltaic, wind and diesel generator. Some renewable energy system 

configurations are possible such as PV–diesel, PV–battery, wind–diesel, wind–battery and 

PV–wind–diesel–battery.  It is necessary to select a proper combination for the right 

application in which it is being used. 

 Physical, mathematical and circuit configurations of components like Biomass, PV, 

wind, and battery system is described in the following sections. 
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6.2. Biomass 

Biomass resources are easily available in nature. The alteration of biomass to such useful 

forms of energy, also called bio-energy, can be obtained using a number of different 

techniques. This bio-energy can be used to generate electricity, provide process heat for 

industrial facilities and also for other purposes such as heating homes and fuelling vehicles. 

Generally biomass resources are wood and wood wastes, animal wastes, agricultural crops, 

municipal solid waste (MSW), waste from of food processing and aquatic plants and algae. 

Generally average majority of biomass energy is extracted from wood and wood wastes 

(66%), followed by municipal solid waste (23%), agricultural waste (5%), and landfill gases 

(4%). [83] 

 

6.2.1. Plant configurations 

 Typical plant architecture of a bio-mass gasifier unit consists following components for 

power generation: 

 

 Combustion process includes fluid bed combustion, followed by steam turbine cycle 

(C/ST). 

 Gasification process includes fluid bed gasification, followed by a combined gas–steam 

cycle (G/CC). 

In C/ST cycle, plant configuration is consists with a biomass storage and handling section, 

combustion and steam generation section [84]. Combustion process includes a fluid bed 

combustor and a boiler that produces steam. Steam is processed by the hot gases generated in 

the combustion process. At last, the steam is fed into the energy recovery section where it 

expands through turbine to generate electricity. Similarly the plant configuration of G/CC 

cycle is composed by a storage and handling section [84].  Subsequently the biomass is fed to 

a heat recovery dryer (HRD) in order to reduce the moisture content (about 20%). The 

obtained dry biomass is then supplied to a constant pressurized fluid bed gasifier (15 bars) to 

produce a gas stream having low heating value. The produced gas stream expands through 

turbine to generate electricity. 

 A generalised plant configuration of a biomass unit with various components is shown in fig 

6.3. Subsequently working method is described for C/ST and G/CC cycle.  
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Figure 6.3: A biomass-gasifier/gas turbine combined cycle [85] 

 

To calculate output of a plant, the plant model is simply considered as black boxes having a 

transfer function between the input and output. Here input is biomass flow rate (M) and the 

output is net electrical power (WNE). The output power is directly proportional to mass flow 

rate. The biomass low heating value (LHV) and the plant energy conversion efficiency ƞe, is 

inversely proportional to the plant operating hours OH. This following equation represents 

relation between mass flow rates with output power [84]. 

 

 
hr

LHVWNEM
PBM






3600


                                                                                           (6.1) 

                                                                     

6.2.2. Bio-energy conversion: process 

A brief overview of energy conversion process is presented here [76]. Conversion of biomass 

to energy is consisting two main procedures: 1) thermo-chemical conversion process 2) bio 

chemical or biological conversion process.3) Mechanical extraction is the third process for 

producing energy from biomass. One such example is bio-diesel. Thermo-chemical 
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conversion is undertaking combustion, Pyrolyis, gasification and liquefaction. Another 

method, Bio-chemical conversion encompasses two process options: and fermentation 

(production of ethanol) and digestion (production of biogas, which is mixture of methane and 

carbon dioxide). Various processes are described in the following sections. 

 

6.2.2.1. Thermo-chemical conversion 

     Three main processes are consisting with   thermo-chemical conversion of biomass.  

1) Combustion-  

The combustion process is used over a wide range by burning biomass in air.  The 

output of biomass stored as chemical energy converts into heat energy, mechanical 

power, electricity. Combustion of biomass produces hot gases at high temperatures, 

typically in the range 800–1000  C. This hot gas is used in gas turbine to produce 

electricity. 

 

2) Gasification- In gasification process flammable gas mixture is obtained by the partial 

oxidation of biomass at high temperatures around 800–900  C where gas turbine 

converts the gaseous fuel to electricity with a high overall conversion efficiency [85]. 

 

3)  Pyrolysis- Pyrolysis is the conversion of biomass to solid, liquid ( bio-oil or bio-

crude), and gaseous fractions, by burning the biomass in the absence of air to around 

500  C  

4) Other processes- Other processes are hydro thermal upgrading (HTU) and liquefaction 

that produce bio-oils [76].Hydro thermal upgrading converts biomass to partly 

oxygenated hydrocarbons in the presence of wet environment at high pressure. 

 

Liquefaction is the conversion of biomass at low temperatures and high hydrogen 

pressures to a stable liquid hydrocarbon. [86][87] 

A generalised conceptual flow sheet for thermo-chemical conversion is illustrated in the 

flowchart, shown in Fig 6.4. 
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Figure 6.4: Main processes, intermediate process and final energy products from the 

thermo chemical conversion of biomass [76] 

6.2.3. Bio-chemical conversion 

Two main procedures are associated with bio-chemical conversion are fermentation and 

anaerobic digestion (AD). This process has lesser use than mechanical extraction or chemical 

conversion [88]. 

6.2.3.1. Fermentation  

 Fermentation is used commercially on a large scale in different countries to produce ethanol 

from sugar crops. (e.g. sugar beet ,sugar cane) and starch crops (e.g. wheat ,maize). Ethanol 

fuel is used as a motor fuel, mainly as a bio fuel.  
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6.2.3.2. Anaerobic digestion (AD) 

Anaerobic digestion process is the conversion of biomass directly to a gas, namely biogas, a 

mixture of methane and carbon dioxide with little amount of other gases such as hydrogen 

sulphide. In an anaerobic environment the organic material (biomass) is converted into gas 

with an energy content of about 20–40% by bacteria with lower heating value. The overall 

efficiency of conversion from biomass to electricity is about 10–15% [88]. AD is a 

commercially established technology and is extensively used for treating high moisture 

content organic wastes. Any power generation system is associated with an internal 

combustion engine, prime mover, water-cooling systems, and exhaust could be recovered 

using combined heat and power cycle. A typical flow diagram for processing electricity from 

biomass using anaerobic digestion is shown in Fig 6.5 
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6.2.4. Mechanical extraction  

Mechanical extraction is a conversion process of oil from the seeds of various biomass crops, 

such as cotton, oilseed rape and groundnuts. This oil can be processed further with alcohol 

using a process termed as esterification to obtain bio-diesel. Fig. 6.6 depicts a generalised 

flow diagram for the production of bio-diesel and the by-products of glycerine. 

 

Figure 1 

 

Figure 2 

 

Figure 6.5: Flow diagram for anaerobic digestion [88] 
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Figure 6.6: Production of bio-diesel and the by-products of glycerine from mechanical 

extraction [76] 

 

Biogas has several advantages, when it compared to other renewable energy alternatives. It 

can be produced when it is needed and can easily be stored. The biogas can directly be used 

for transportation fuel, domestic cooking or used as the natural gas. As far as renewable 

energy sources are concerned solar energy is the most abundant source. Here basic 

configuration, equivalent circuit model and equations are discussed in another subsection. 
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6.3. Photovoltaic System 

6.3.1. Basic Configuration of Photovoltaic System 

 Solar energy is radiated by the sun, which can be used by tapping light photons to generate 

electricity. A solar panel consist a number of solar cells which are connected together in 

series. Similarly a number of Solar panels are connected together in series and/or parallel 

combination to form a solar array to generate electricity in large scale.  

 For uninterrupted power supply electricity storage devices such as batteries are required 

because PV system does not operate during bad weather condition or night. A typical PV 

generator generates direct current (DC).  According to use in different applications DC 

converters are used and for alternating current (AC) requirement the DC/AC inverters are 

provided in PV systems. The installation cost for PV is very high. Recently, solar energy is 

now generated on a large scale and many energy investing companies promoting it. But it 

requires a lot of expertise for execution, site designing and development. Now a day, 

maximum power point tracking (MPPT) scheme are available to extract maximum power 

from solar PV cells. Indian states like Gujarat and Rajasthan are harnessing solar energy, so if 

there is PV generation available and the maximum profit is done from that PV then it can be 

used to generate huge amount of power because the operational cost of PV is almost zero [90] 

[91].Finally, the household appliances, such as radio or TV set, lights and other equipment 

being powered by the PV system. 

Generally a PV modules or arrays consist of three parts: 

 PV modules or solar arrays 

 Balance of system (consists of mounting structure, control devices, charge regulators, 

converter/ inverter, MPP tracker) 

 Electrical load 

 Physical Model of Photovoltaic System is represented in Figure.6.7 
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Figure 6.7: Basic Model of Photovoltaic System [92] 

 

 

6.3.2. Properties of solar cell meterial 

  A solar cell is a solid-state electrical component (p-n junction) that converts the 

energy of sun in terms of light directly into electricity (DC). The process of conversion first 

requires a material which absorbs the solar energy (photon), and then raises electron to a 

higher energy state, and then the flow of this high-energy electron to an external circuit as a 

current. Silicon is one such material that uses in this process.  In Fig 6.8 a picture is depicted 

for silicon material which shows that how it responds with respect to photovoltaic effect.  

 

Figure 6.8: Photovoltaic effect on silicon material [89] 
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6.3.3. Equivalent circuit of solar cell 

To understand the behaviour of a solar cell, it is useful to create an electrically 

equivalent model. An ideal solar cell is modeled by a current source in parallel with one diode.  

Generally no solar cell is ideal, because a small leakage current is always associated with. So a 

shunt resistance and a series resistance component are added to the model.  Here an equivalent 

circuit of a solar cell is shown in fig 6.9.                                                                                                                  

                                         

  Figure 6.9.: Single diode model of a solar cell [92] 

 

Hence, a typical PV cell circuit consists of a current source, in parallel with a diode (D). The 

produced current (IPH) is proportional to incident light. Shunt resistance (RSH) is connected 

with the circuit to provide low resistance path in case of any short circuit condition occurs. In 

some cases, leakage current can be neglected due to its small value .PV module with two 

diode models [93][94] are also available but only single diode model is considered here. 

Figure 6.9 represents a single PV cell made up of a resistance (RS) that is connected in series 

with a parallel combination of current source, one exponential diode & shunt resistance 

respectively [92]. 

 

6.3.4. Characteristic equations 

       From the equivalent circuit, the output current generated from the PV cell is equal to that 

current produced by the photo current generator (IPH), minus the current which flows through 

the diode, minus the current which flows through the shunt resistor. The output current 

represents by the following current equation [95]. 

                                                                                                                           (6.2) 
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Where, I= Output current in the solar cell (amp). 

 IPH = Photo generated current (amp). 

 ID = Diode current (amp). 

   ISH = Shunt current (amp). 

 Again, the current through these elements is maintained by the voltage across them so 

voltage across diode is, 

                                                                                  (6.3) 

Where, VD = Voltage across both diode and resistor     (volt). 

  V = Voltage across the output terminals (volt). 

 RS= Series resistance (Ω). 

The photo generated current is given by: 

                     
 
  
                                          (6.4) 

Where, ISC=Short circuit current at reference temperature (A). 

  KI = Short circuit current temperature coefficient at ISC, which is usually provided by 

the manufacturer. 

  T = Cell temperature in Kelvin (
0
K). 

  TREF = Reference temperature (
0
K). 

 G = Solar irradiation (W/m
2
). 

  GN = Nominal solar irradiance (1000W/m2). 

 

Now, by Ohm's law, the current through the shunt resistor is: 

      
   

                                                (6.5) 

Where, RSH = Shunt resistance (Ω). 

  ISH = Shunt current (amp). 

 The diode current (  ) can be written as  

          
   

   
                                                     (6.6) 

Where,   IO= Reverse saturation current (A) 
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q= Elementary Charge, 1.6 10
-23 

C. 

k= Boltzmann's constant, 1.38   10
-19J

/K. 

n = Diode ideality factor (practical value range 1 to 2). 

T= Absolute Temperature (
0
K). 

Diode saturation current is expressed as 

       
 

    
 
 

    
   

 
 

 

    
 

 

 
                                      (6.7) 

Where, TREF= Reference temperature (
0
K). 

T = Cell temperature in Kelvin (
0
K). 

IOR = Cell saturation current at TREF (A). 

Ego = Band gap energy for silicon (1.11 eV). 

 To calculate the generated output current, substituting the values of equations (2)-(6) 

in equation (1) 

                         
 
  
    

  
  
 

     
   

  
  

  
      

   
                       (6.8) 

Where,      = Module output current (A) 

  NP = Number of solar cells connected in parallel in the module 

  NS = Number of solar cells connected in series in the module 

 

It is seen from the characteristic equation that output current depends on the number of solar 

cells connected in parallel and number of solar cells connected in series position and the 

current variation is less dependent on the shunt resistance and is more dependent on the series 

resistance. 

 

6.3.5. Characteristic equation curve 

.  

The P vs V’ and ‘I vs V’ curves for a solar cell are given in the following Figure 6.10. When 

the solar cell is short circuited, the short-circuit current (ISC) through the solar cell and voltage 

which is zero across the solar cell is shown on the IV curve below. The open-circuit voltage, 

(VOC), is the maximum voltage available from a solar cell, and it occurs when the current is 
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zero. This maximum open-circuit voltage is shown on the IV curve below. This characteristic 

curve is very much required for maximum power point tracking (MPPT) scheme to extract 

maximum power from solar PV cells. [96] 

 

 

Figure 6.10: P-V, I-V curve of a solar cell at given temperature and solar irradiation [97] 

Other than solar energy systems, wind energy is the other vital renewable energy source and 

hence the configuration of a wind energy system is described in the next subsection. 

6.4. Wind Energy system 

6.4.1. General configuration of Wind Energy System  

Wind energy system converts wind power to electrical power from wind energy. It includes a 

wind turbine, a generator configuration to generate electrical energy, an inertial storage 

device configured to receive electrical energy from the generator and to store it as kinetic 

energy. Power electronic converters may be employed to regulate the real and reactive power 

output of the turbine. A model of wind turbine is considered here to know the Conversion 

from wind power to electrical power.  

 

6.4.1.1 A Model Wind Turbine System 

A wind-energy conversion system consists at least three primary subsystems, an aerodynamic 

system (includes rotor blades), the mechanical transmission system (includes gears, bearings) 
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and the electrical generating system. The physical configuration of the wind-energy system 

produces an asymmetric force to control the air movement. The controlled air movements 

cause flow directing structures to rotate, oscillate. Thus providing a mechanical energy from 

which electrical power may be generated. Here, a typical wind turbine model is shown in 

Figure 6.11 which generally consists of the following subsystems.             

 Rotor (consists of blades and hub) 

 

 Drive-train (consists of shafts, gearbox, couplings, mechanical brake, and electrical 

generator) 

 Nacelle and main-frame (consists of  housing, bedplate, and yaw system) 

 Tower and foundation 

 Electrical system (consists of cables, switchgear, transformers, and power electronic 

converters) 

 

                                     

Figure 6.11: Model of wind energy system [100] 
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6.4.2. Mathematical expressions for Wind Turbine 

The power output of wind turbine is depends on rotor speed as well as the wind speed and the 

equation is expressed as, [98] 

   
 

 
                                                         (6.9) 

Where, ρ = Density of air (kg/m
3
) 

A = Area swept by the rotor (m
2
) 

v = Pitch angle  

Cp(λ, ν) = Power coefficient 

   Tip speed ratio 

uw= Wind speed (m/s)  

The tip speed ratio which depends on the wind and rotor speed is expressed as 

   
    

 
                                       (6.10) 

Where, η= Gear ratio 

 R= Turbine rotor radius (m) 

     Power output of wind turbine for a specified area depends on wind speed at hub height 

and speed characteristics of the turbine. At a specific hub height the speed of the turbine is 

given by using power-law equation [99] 

    

    
  

    

    
 
 

                                     (6.11) 

 Where, Vhub and  ref are the wind speed at hub and reference height respectively. 

     and     , and n is power law exponent. 

Total available power from wind turbine is given as 

WW APP                                                                         (6.12) 

 Where Aw is the total swept area, η is efficiency of wind turbine generator and 

corresponding converters. 
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Different wind turbines have different power output and performance curves. Therefore, the 

modelling equation of a wind turbine is strongly influenced by the power curve of the wind 

system that is used. A typical wind turbine power curve characteristics is shown below and 

using this curve electrical power output    (kW/m2) from wind generator can be calculated 

as follows 

    

                                      
                             

                                                    
                                                          

                             (6.13) 

 Where, Vci,Vco and Vr are cut-in, cut-out and rated speed of turbine respectively and 

  
  

  
     

          and   
   
 

  
     

     

 

 

   

Figure 6.12: wind turbine power curve [100] 

 

Though USA and China are the fastest growing countries in wind power generation in the 

world, European countries are the actual leaders. Spain and Germany have the highest 

installed wind generation capacity of the world. India has started developing wind power 

from 90s century and now it become fifth largest wind power installation in the world. In 

India, Tamil Nadu is generating more than 7000 MW and become the leading state 

contributing to about 40% of India's wind power [101]. If there is wind generation available 
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and the maximum profit is done from that wind turbine, then the optimization purpose can be 

used. In the present of peak load, to meet the load requirements battery storage systems are 

used. So a battery configuration is needed to be analyzed in the following subsection. 

 
6.5. Configuration of Battery System 

 Energy storage system has now become an integral part of an HRES system. For the 

storage purposes, no operation cost is associated with it. Battery storage is included in the 

hybrid energy system to meet the load demand in the absence of renewable energy sources, 

commonly known as days of autonomy. The selection of the energy system depends on some 

factors such as installation cost, energy price arbitrage, reducing transmission access cost, 

deferring facility investment, balance of plant cost, efficiency and life time, operation and 

maintenance expenses and revenues including energy cost. A survey has been done on 

various efforts to optimise energy storage system in microgrid. Thus optimization techniques 

have been widely applied for effective utilization of energy storage system, in the design 

process [102][103].  

6.5.1. Different kinds of storage system and their applications  

Different kinds of storage devices such as battery, compressed air, Flywheel, Hydrogen, 

pumped Hydro, SMES, and Super capacitor have widely used. BESS in hybrid and fuel cell 

powered electric vehicles [104]. BESS-applications in renewable autonomous energy supply 

systems mainly based on battery and hydrogen combination [105][106]. BESS applications 

for large scale PV- and wind power management [104]. Other BESS-configurations such as 

SMES/battery-BESS [107], Flywheel/battery-BESS [108] have large applications. 

6.5.2. Basic structure of a Battery energy storage system (BESS) 

Batteries have been most commonly used in hybrid system due to their low running cost and 

easy availability. Main advantages of a BESS are: 1) Increase of storage and system 

lifetime.2) Reduction of total investment costs compared to a single storage system.              

3)  Increase of total system efficiency. Battery sizing depends on several factors such as 

temperature correction, maximum depth of discharge, rated battery capacity and battery 

lifetime. Required battery capacity in ampere hour (Ah) is given by [104]: 

A simple structure is shown that how the storage system is connected with hybrid energy 

system. 
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Fig6.13:  structure of Battery Energy Storage System [104]  

 

Here in this Fig 6.13 one storage device (ES1) is devoted to cover high demand, transients 

and rapid load fluctuations and therefore it is designed for high efficiency and high cycle 

lifetime. The other 

Storage (ES2) has high energy storage with a low self-discharge rate. Using of dual storage 

system optimized the operation and reduction of dynamic stress of ES2 which increase 

storage and system lifetime. Optimization in operation of ES2 increases efficiency at 

operating points and reduction of dynamic losses of ES2. Thus total investment costs of the 

system are reduced compared to a single storage system. 

 

6.5.3. Equations of battery configuration 

Battery is designed as a nonlinear voltage source whose output voltage depends not only on 

the current but also on the battery state of charge (   ), which is a nonlinear function of the 

current and time. The battery state of charge is described by the follow equation 

    
        

          
                                                                                           (6.14) 
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 Where, Ec(Ah) is the battery capacity in Ah, Ds is the battery autonomy or storage days, 

(DOD)max is the maximum battery depth of discharge, ηt is the temperature correction factor. 

Depending on the difference between generated power and load, it will be decided whether 

battery is in charging or discharging state. Whether the battery bank will charge or discharge 

can be calculated by the following equation [109]: 

During charging process 

                                                                         (6.15) 

During discharging process 

                                                                                 (6.16)                                                                                                                                                                      

Where, SOC (t) = charge quantities of battery bank at the time t.                                  

And SOC (t+1) = charge quantities of battery bank at the time (t+1). 

 EGA (t) = total energy generated by renewable energy source generator after energy loss in 

controller. 

 EL (t)= is load demand at the time t. 

      = efficiency of inverter.  

          = charge efficiency of battery bank. Charge quantity of battery bank is subject to 

the following constraints [84]: 

                                                                           (6.17) 

 Where, SOCmin and SOCmax are the minimum and maximum charge quantity of 

battery bank. 

To generate power from renewable energy sources it is required to know the system model 

and its operation.  In this chapter biomass gasifier model, solar photovoltaic system, wind 

energy system and battery storage system with basic configuration and mathematical 

formulation are discussed well. A block diagram is presented here to understand the proposed 

system.  
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Fig 6.14: Block diagram of the proposed system model 

In the next chapter all input parameters i.e. installation cost, running cost, microgrid forming 

equipment cost of these renewable systems are discussed. .The simulation results are 

presented for different cases to provide data for a comparative study.         
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CHAPTER 7 
RESULTS AND DISCUSSIONS ON DATA 
GENERATED FROM DIFFERENT SYSTEM 
MODELS 

7.1. Introduction 

In this present work, a consumer based power delivery system has been developed consisting 

of four renewable energy sources, biomass gassifier unit, solar module, wind energy system 

in combination with battery storage system. Using this distribution energy resources (DERs) 

two cases are considered here, i.e. case 1 (BMGU, SPS, BESS) and case 2 (BMGU, SPS, 

WT, BESS) for the same input data. This work deals with power demand and supply demand 

in a small community. This small community comprises five types of consumers, namely, 

hostel, campus quarters, hospital, bank and post office, and market with two types of seasonal 

load variations (summer and winter). The load demand is set for 24 hrs. Load demand 

variation between the summer and winter seasons have considered to cover up the total power 

demand of every customer over a whole year. A comparative study has been conducted for 

these two cases through the application of cuckoo search algorithm (CS) in MATLAB 

environment. At first the results will be represented and comprehensive explanation will be 

given for each cases. The results for specific two cases will be compared using CS and again 

the obtained result will be compared with another well-known technique (GA) for the same 

input data. Finally, a discussion about the entire study will be provided. 

 

7.2. Input parameters 

7.2.1. Load demand variation 

The input parameters are required for evaluating the optimum cost of a microgrid power-

delivering system. Input parameters includes  load demand data,  installation cost, running 

cost of  different types of DERs, cost of microgrid forming equipments and their lifetime 

periods  and electricity rates from the conventional power grid.  

From Fig 7.1 it is found that load demand is high between 12 P.M and 4 P.M and low at 3 

A.M on a basis of a day in summer. In winter season load demand is high between 12 P.M 

and 1 P.M and low at 12 A.M for a day. For case 1 demand is supplied by biomass, solar cell 
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and battery from 8 A.M to 4 p.m. whereas biomass and battery supplies power for the 

remaining hours. From 8 A.M to 4 P.M (for 8 hrs) intensity of solar energy is high so it can 

be utilised to generate electricity. For case 2, demand is supplied by biomass, solar cell, wind 

turbine and battery system from 8 A.M to 4 P.M where biomass, wind turbine and battery 

supplies power for the remaining hours [35]. 

 

 

 Figure 7.1: Load demand variation in a microgrid system for a day during summer and 

winter season.  

     

 

 

          Figure 7.2: load demand variation curve in a microgrid system for a day during 

summer and winter season 
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The typical load variations in the microgrid system for 24 hrs in summer and winters are 

represented by the following curve in Fig 7.2. As seen in the figure for the time period 

10A.M to 6 P.M the load demand is relatively high in summer months than in winter season.   

 

7.2.2. Installation cost and running cost 

Maximum installable capacity of BMGU, SPS, WT and BESS are set to consider load in each 

hour in such a way that they can supply the total load demand in every hour. Installation cost 

varies with maximum installable capacity. Though installation cost for husk biomass system 

is very high compared to other systems, except solar system, still the potential can be used to 

generate large amount of electricity. Biomass resources are abundantly available in nature 

and it does not depend on weather pattern where solar and wind energy depends on weather 

pattern. Thus a husk biomass system is considered here to provide reliable operation in each 

hour. Table 7.1 shows the total installation cost in (Rs./KW) and installed capacity for 

BMGU [112], SPS [35], WT [113], and BESS [111] in KW.  

 

Table 7.1: Installation cost of the different renewable energy sources 

 

Cost of DERs Installation cost (Rs/KW)   Maximum installed   

capacity (KW) 

BMGU 72,000 1000 

SPS 1,39000 350 

WT 40,000 170 

BESS 725 100 

 

 Table 7.2 represents operating cost for two particular test cases 1 and 2. Solar panel system 

and wind turbine system does not include any running cost. The operating costs of BMGU 

[35] and BESS [111] have been mentioned in table 7.2. 

 

 

 

 

 



77 | P a g e  
 

Table 7.2: Running cost of the different renewable energy sources 

 

DERs (case 1)Operating cost 

(Rs/KWh) 

(case 2)Operating cost 

(Rs/KWh) 

BMGU 2.5 2.5 

SPS nil nil 

BESS 5 5 

WT - nil 

 

7.2.3. Cost of Equipments of Microgrid 

To deal with large load demand, an enormous amount of Joule heating may occur due to 

large current flow through the system. To avoid damage from Joule heating it is seen from 

that costs associated with the cables are much larger than the costs associated with setting up 

transformers. Hence, a step-up transformer is required to set up at the generation site and a 

step-down transformer at the consumers’ end for reliable and safe power transmission. The 

other equipments such as circuit breakers, controller, change-over switches, are placed at a 

common point of the SPS, BMGU, WT and battery storage system. The equipment forming 

costs [35] of micro-grid system are tabulated in Table 7.3. 

 

 

Table 7.3: Cost of equipments of Microgrid [35] 

 

 

Equipments forming 

microgrid 

                 Case 1 Case 2 

Cost (Rs.) Life time 

(years) 

Cost (Rs.) Life time 

(years) 

Switching equipments 437000 6 437000 6 

Transformers (step 

up and step down) 

3350000 15 3350000 15 

Controller 20000 30 20000 30 

Cables (underground 

and overhead) 

10900000 20 50000000 20 
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7.2.4. Energy tariff 

The microgrid model is grid connected and maximum purchased capacity from grid is 20 

KW. To supply the load demand a minimum amount of power is to be extracted from the grid 

because non conventional sources are nature dependent and their generation vary time to 

time. Here 20 KW is assumed as a maximum purchased power. Higher amount of extracted 

power from conventional grid that means high utility cost will increase the total annual cost 

of the system which is not desirable. So there should be a limit to draw power from 

conventional grid. Costs of generated energy from DERs vary from time to time and place to 

place. It is assumed here that cost of generation from hybrid system and cost of purchase 

from conventional grid is same for different case studies. Assumed tariff to purchase and sell 

is shown in Table 7.4 [37] [111]. 

 

Table 7.4: Rate of energy tariff [37][111] 

 

Maximum purchased 

capacity from grid (KW) 

Rate (Rs/KWH) 

Normal  Peak  Off-peak 

20 6.12 8.10   4.04 

 

7.3. Results and analysis 

In this work, an economic analysis has been made to implement distributed generation using 

DERs through the application of cuckoo search algorithm. A comparison is carried out to 

evaluate total annual cost of these consumer-based power delivery systems for two different 

cases of DERs. In case 1 the DERs comprises of 2 systems i.e. BMGU, SPS and case 2 

consists of 3 systems i.e. BMGU, SPS and WT. In both cases BESS is taken as backup 

system. 

7.3.1. Study of case 1 during summer 

Considering the 1st case of distributed generation, Cuckoo Search algorithm provides the best 

data in 24 hours basis for summer and winter as shown in Table 7.5A and Table 7.5B. It is 

observed from Table 7.5A during the off peak periods of summer days for case 1, from 12 

A.M to 8 A.M, the power demand is low and can be supplied by the Biomass system alone 

with the Battery system being the standby. This incurs lower cost due to the implementation 

of these DERs. The entire running cost of operation is around Rs. 350 at an average as 



79 | P a g e  
 

BMGU is only the operational DER during this period. To supply the load demand during (8 

A.M to 4P.M) solar cell is generating energy for 8 hours along with battery and biomass 

system. Again from 4 P.M to 12 A.M the power demand is supplied by the Biomass system 

alone with the Battery system. For peak load demand extra powers are purchased from a 

conventional power grid and extra generated powers are sold to the conventional power grid 

during light load period. In real application biomass does not generate power in fraction but 

using optimization techniques fractional power generation (i.e. 650.225 KW, 830.995 KW) 

has been obtained and it is used in this work for mathematical analysis purpose. From Table 

7.5A, it is found that running cost of the system varies with load demand. The running cost 

for battery and biomass unit is high compared to another case when the system includes 

biomass, solar and battery system. For an example, running cost varies for the same load 

demand (1100 KW) with various combinations. It is Rs.3030 for the system consists of 

biomass and battery during 4 P.M to 5 P.M and Rs.1905 for the system consists of biomass, 

solar and battery during 12 P.M to1 P.M. Since solar does not include any running cost, the 

cost of energy is lower than solar is introduced. 

 

 

Table 7.5A: Results analysis for case 1 (summer) 

Input= Number of host nest=60, β=1.5, no of iteration=100, nest discard probability=0.25. 

 

Time (hr) Load 

demand

(KW) 

BMGU SPS BESS Grid 

system 

Running cost 

(Rs) 

12:00-1:00 140 140 - 0 0 350 

1:00-2:00 138 138 - 0 0 345 

2:00-3:00 135 135 - 0 0 337.50 

3:00-4:00 135 135 - 0 0 337.50 

4:00-5:00 198 198 - 0 0 495 

5:00-6:00 390 390 - 0 0 975 

6:00-7:00 580 580 - 0 0 1450 

7:00-8:00 700 330 350 20  0 905 

8:00-9:00 900 530 350 20 0 1405 

9:00-10:00 950 580 350 20  0 1530 
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10:00-11:00 1100 730 350 20 0 1905 

11:00-12:00 1190 820 350 20  0 2150 

12:00-13:00 1100 730 350 20 0 1905 

13:00-14:00 1150 780 350 20 0 2030 

14:00-15:00 1000 656.226 350 13.7738 -20 1620 

15:00-16:00 1190 830.9925 350 9.0675 0 2150 

16:00-17:00 1100 1000 - 80 20 3030 

17:00-18:00 1110 1000 - 90 20 3430 

18:00-19:00 1020 1000 - 20 0 2530 

19:00-20:00 850 850 - 0 0 2199 

20:00-21:00 810 810 - 0 0 2025 

21:00-22:00 650 650 - 0 0 1625 

22:00-23:00 380 380 - 0 0 950 

23:00-24:00 160 160 - 0 0 400 

Total running cost for 24 hrs is Rs.36079 

 

 

 

7.3.2. Study of case 1 during winter 

Cuckoo Search algorithm provides the best data in 24 hours basis for winter load variations 

which is shown in Table 7.5B. It is observed that system running cost is Rs. 1725 for 690 

KW during 7 A.M to 8 A.M when load demand is supplied by biomass only and Rs. 1180 for 

810 KW during 8 A.M to 9 A.M which is comparatively low due to load demand is supplied 

by three sources. It is also analysed that the running cost for battery and biomass unit is high 

compared to another case when the system includes biomass, solar and battery system. 

Running cost varies for the same load demand (920 KW) with various combinations. It is Rs. 

2310 during 6 P.M to 7 P.M for the system consists of biomass and battery and Rs. 1440 

during 1 P.M to 2 P.M for the system consists of biomass, solar and battery because solar 

does not include any running cost. In real case biomass does not generate fractional power, 

but the fractional values are considered here for mathematical analysis purpose. For high load 

demand extra power is purchased from grid in the absence of solar cell. It is observed that for 

930KW and 910KW load demand, extra 20 KW power is purchased from the grid. 
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Table 7.5B: Results analysis for case 1(winter) 

Input= Number of host nest=60, β=1.5, no of iteration=100, nest discard probability=0.25. 

 

Time (hr) Load 

demand(K

W) 

BMGU SPS BESS Grid 

system 

Running cost 

(Rs) 

12:00-1:00 120 120 - 0 0 300.00 

1:00-2:00 115 115 - 0 0 287.50 

2:00-3:00 110 110 - 0 0 275.00 

3:00-4:00 112 112 - 0 0 280.00 

4:00-5:00 195 195 - 0 0 487.50 

5:00-6:00 380 380 - 0 0 950 

6:00-7:00 500 500 - 0 0 1250 

7:00-8:00 690 690 - 0 0 1725 

8:00-9:00 810 440 350 20 0 1180 

9:00-10:00 890 520 350 20 0 1380 

10:00-11:00 960 590 350 20 0 1555 

11:00-12:00 1040 670 350 20 0 1755 

12:00-13:00 1090 720 350 20 0 1880 

13:00-14:00 920 578.8454 341.1546 0 0 1440 

14:00-15:00 798 443.1254 350 4.9 0 1130 

15:00-16:00 890 520 350 20 0 1380 

16:00-17:00 910 810 - 80 20 2275 

17:00-18:00 930 820 - 90 20 2325 

18:00-19:00 920 914.7631 - 5.2369 0 2310 

19:00-20:00 830 829.40 - 0.5981 0 2075 

20:00-21:00 700 700 - 0 0 1750 

21:00-22:00 510 510 - 0 0 1275 

22:00-23:00 350 350 - 0 0 875 

23:00-24:00 100 100 - 0 0 250 

Total running cost for 24 hrs is Rs.30390 
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The convergence characteristics for case 1 are shown in Figure.7.3. Here cost is optimised 

with the number of iteration increasing. Value remains almost same from 1-5
th

 iteration and 

minimum value of the fitness function is found to be Rs 2125 at 9
th

 iteration.  

 

 Figure 7.3: convergence characteristics for cost optimisation using cuckoo search algorithm 

7.4.1. Study of case 2 during summer 

After considering the 2nd case of DERs set, Cuckoo Search algorithm data is represented in 

Table 7.6A and Table 7.6B on 24 hours basis for summer and winter. During the off peak 

periods from 12 A.M to 6 A.M, the power demand is low and is supplied by the Biomass 

system and the wind energy system keeping the battery system as substitute. This incurs 

lower operating cost due to the implementation of these DERs. The entire cost of operation 

further lowers from Case 1 to around Rs. 175 at an average. To supply the load demand 

during (8 A.M to 4P.M) solar cell is generating energy for 8 hours along with battery, wind 

and biomass system whereas biomass unit is running for remaining hours along with battery 

and wind turbine generator system. For an example, running cost varies for the same load 

demand (1100 KW) with various combinations. It is Rs. 2355 during 4 P.M to 5 P.M for the 

system consists with biomass and battery and Rs. 1565 during 10 A.M to 11 A.M for the 

system consists with biomass, solar and battery because solar does not include any running 

cost. 
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Table 7.6A: Results analysis for case 2(summer) 

Input= Number of host nest=60, β=1.5, no of iteration=100, nest discard probability=0.25. 

 

Time (hr) Load 

demand(KW) 

BMGU SPS BESS WTG Grid 

syste

m 

Running 

cost 

(Rs) 

12:00-1:00 140 70 - 0 70 0 175 

1:00-2:00 138 70 - 0 68 0 175 

2:00-3:00 135 70 - 0 65 0 175 

3:00-4:00 135 70 - 0 65 0 175 

4:00-5:00 198 70 - 0 128 0 175 

5:00-6:00 390 200 - 20 170 0 175 

6:00-7:00 580 390 - 20 170 0 580 

7:00-8:00 700 525.24 - 4.75 170 0 1323 

8:00-9:00 900 376.7741 350 3.2259 170 0 958.06 

9:00-10:00 950 410 350 20 170 0 1190 

10:00-11:00 1100 560 350 20 170 0 1565 

11:00-12:00 1190 650 350 20 170 0 1790 

12:00-13:00 1100 574.36 350 4.6312 170 0 1540 

13:00-14:00 1050 510 350 20 170 0 1440 

14:00-15:00 1000 498.92 350 1.0727 170 -20 1250 

15:00-16:00 1190 650 350 20 170 0 1790 

16:00-17:00 1100 910 - 20 170 0 2355 

17:00-18:00 1110 920 - 20 170 0 2380 

18:00-19:00 1000 853.50 - 1.8824 164.6624 -20 2060 

19:00-20:00 850 660 - 20 170 0 1730 

20:00-21:00 810 639.69 - 0.3090 170 0 1600 

21:00-22:00 650 460 - 20 170 0 1230 

22:00-23:00 380 239.55 - 0 160.4496 -20 518.876 

23:00-24:00 160 110 - 0 50 0 275 

Total running cost for 24 hrs is Rs.26624.936 
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7.3.4. Study of case 2 during winter 

It is observed from Table 7.6B that during the off peak periods of winter days for case 2, 

from 12 A.M to 8 A.M, the power demand is low and can be supplied by the Biomass system, 

wind turbine and battery system. This incurs lower cost due to the implementation of these 

DERs. The entire running cost of operation is around Rs. 175 at an average as BMGU is only 

the operational DER at this period. To supply the load demand during (8 A.M to 4P.M) solar 

cell is generating energy for 8 hours along with battery and biomass system. Again from 4 

P.M to 12 A.M the power demand is supplied by the Biomass wind and battery system. For 

peak load demand extra powers are purchased from a conventional power grid and extra 

generated powers are sold to the conventional power grid during light load period. In real 

application biomass does not generate power in fractions but using optimization techniques 

fractional power generation has been obtained and it is used in this work for mathematical 

analysis purpose. The running cost for battery wind and biomass unit is high compared to 

another case when the system includes biomass, solar, wind and battery system because both 

solar and wind does not include any running cost. 

 

Table 7.6B: Results analysis for case 2(winter) 

Input= Number of host nest=60, β=1.5, no of iteration=100, nest discard probability=0.25. 

 

Time (hr) Load 

demand(KW) 

BMGU SPS BESS WTG Grid 

system 

Running 

cost 

(Rs) 

12:00-1:00 120 70 - 0 50 0 175 

1:00-2:00 115 70 - 0 45 0 175 

2:00-3:00 110 70 - 0 40 0 175 

3:00-4:00 112 70 - 0 42 0 175 

4:00-5:00 195 70 - 0 125 0 175 

5:00-6:00 380 190 - 20 170 0 555 

6:00-7:00 500 310 - 20 170 0 855 

7:00-8:00 690 519.2765 - 0.7235 170 0 1300 

8:00-9:00 810 270 350 20 170 0 755 

9:00-10:00 890 350 350 20 170 0 955 
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10:00-11:00 960 420 350 20 170 0 1130 

11:00-12:00 1040 500 350 20 170 0 1330 

12:00-13:00 1090 558.0542 350 11.945

8 

170 0 1450 

13:00-14:00 920 380 350 20 170 0 1030 

14:00-15:00 798 258 350 20 170 0 725 

15:00-16:00 890 350 350 20 170 0 955 

16:00-17:00 910 700 - 20 170 0 1830 

17:00-18:00 930 759.611 - 0.3811 170 0 1900 

18:00-19:00 920 748 - 1.9610 170 0 1870 

19:00-20:00 830 654 - 5.1907 170 0 1660 

20:00-21:00 700 538.97 - 0.2660 160.7622 0 1340 

21:00-22:00 510 320 - 20 170 0 880 

22:00-23:00 350 160 - 20 170 0 480 

23:00-24:00 100 70 - 0 30 0 175 

Total running cost for 24 hrs is Rs. 22050 

 

It is recognized from the above data that summer season consumes more energy than winter 

season. The total running cost for case 2 is less than case1 because case 2 includes solar and 

wind energy system with least running cost along with biomass gasifier unit, where case 1 

includes only solar system with biomass unit. 

The convergence characteristics for case 2 are shown in fig 7.4 where minimum value of the 

fitness function is found at 4
th

 iteration. To evaluate the total annual cost, running cost is 

added with installation cost and microgrid forming equipments cost.  
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The average capacity of the different renewable sources for the two systems has been 

calculated on per hour basis depending on the whole power demand of the society. The table 

reveals that the average capacity of biomass in both the cases is the highest while for the 

battery system it is quite low. To get the best value 5 consecutive results are taken by the 

MATLAB R2013a software. The results are tabulated in Table 7.7. 

                                 

Table 7.7: Total annual cost (Rs.) for the microgrid system 

 

  Total annual cost (Rs.) 

Case 1 Average biomass 

generation (KW) 

 

834 

 

1.3200     

1.3196     

1.3197     

1.3195     

1.3199     

Average solar cell 

generation (KW) 

 

     350 

Average BESS 

generation (KW) 

 

     78 

Fig 7.4: convergence characteristics for cost optimisation using cuckoo search 

algorithm. 
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Case 2 Average biomass 

generation (KW) 

 

    559 

 

1.3553     

1.3555     

1.3554     

1.3557     

1.3552     

Average solar cell 

generation (KW) 

 

    350 

Average WT 

generation (KW) 

 

    170 

Average BESS 

generation (KW) 

    

     53 

 

 

 It is observed that the optimal power generations of BMGU are different for different 

consumers because BMGU generates power depending on different load demands. SPS 

mainly delivers the optimal power to every consumer during day time. As the operating cost 

of the SPS and WT is nil, the average capacity of SPS and WT have been optimally chosen to 

be more. The average capacity of BESS is low in case 2 from that of case 1 due to presence 

of wind turbine beside BESS. Presence of wind turbine beside BESS found to be cheaper 

than case 1. 

7.3.5. Result analysis with parameter variation of CS 

7.3.5.1. Study of case 1with new parameters (β=0.9) of CS during summer 

 It is also observed that all optimum values are better for case 1 than case 2. Among all the 

consecutive results Rs. 1.3195     is found as minimum annual cost by using CS for case 

1. In cuckoo search algorithm the optimum values depends on cuckoo parameters. By 

changing the parameter values, again some results are analysed whether any minimum value 

is found or not for case 1. It is observed from the Table 7.8A that the optimum value depends 

on cuckoo search parameters. Running cost for each hour varies a very little from the values 

that obtained in Table 7.5A and total running cost obtained from Table 7.5A has been 

compared with Table 7.8A and the result shows that Table 7.5A (Rs. 36079) provides less 

running cost compared to 7.8 A (Rs. 36081.1). 
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Table 7.8A: Results analysis for case 1(summer) 

Input= Number of host nest=40, β=0.9, no of iteration=50, nest discard 

probability=0.25. 

Time (hr) Load 

demand(KW) 

BMGU SPS BESS Grid 

system 

Running 

cost (Rs) 

12:00-1:00 140 140 - 0 0 350 

1:00-2:00 138 138 - 0 0 345 

2:00-3:00 135 135 - 0 0 337.50 

3:00-4:00 135 135 - 0 0 337.50 

4:00-5:00 198 198 - 0 0 495 

5:00-6:00 390 390 - 0 0 975 

6:00-7:00 580 580 - 0 0 1450 

7:00-8:00 700 330 350 20  0 905 

8:00-9:00 900 530 350 20 0 1405 

9:00-10:00 950 580 350 20  0 1530 

10:00-11:00 1100 730 350 20 0 1905 

11:00-12:00 1190 820 350 20  0 2150 

12:00-13:00 1100 730 350 20 0 1905 

13:00-14:00 1150 780 350 20 0 2035 

14:00-15:00 1000 658.226 350 11.7738 -20 1620 

15:00-16:00 1190 830.9925 350 9.0675 0 2150 

16:00-17:00 1100 1000 - 80 20 3030 

17:00-18:00 1110 1000 - 90 20 3430.9 

18:00-19:00 1020 1000 - 20 0 2530 

19:00-20:00 850 850 - 0 0 2199 

20:00-21:00 810 810 - 0 0 2025.2 

21:00-22:00 650 650 - 0 0 1625 

22:00-23:00 380 380 - 0 0 950 

23:00-24:00 160 160 - 0 0 400 

Total running cost for 24 hrs is Rs.36081.1 
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7.3.5.2. Study of case 1with new parameters (β=1.2) of CS during summer 

 

Table 7.8B: Results analysis for case 1(summer) 

Input= Number of host nest=40, β=1.2, no of iteration=60, nest discard 

probability=0.25. 

Time (hr) Load 

demand(KW) 

BMGU SPS BESS Grid 

system 

Running 

cost (Rs) 

12:00-1:00 140 140 - 0 0 350 

1:00-2:00 138 138 - 0 0 345 

2:00-3:00 135 135 - 0 0 337.50 

3:00-4:00 135 135 - 0 0 337.50 

4:00-5:00 198 198 - 0 0 495 

5:00-6:00 390 390 - 0 0 975 

6:00-7:00 580 580 - 0 0 1450 

7:00-8:00 700 340 350 10  0 905 

8:00-9:00 900 540 350 10 0 1405 

9:00-10:00 950 590 350 10  0 1530 

10:00-11:00 1100 730 350 20 0 1904 

11:00-12:00 1190 820 350 20  0 2150 

12:00-13:00 1100 730 350 20 0 1905 

13:00-14:00 1150 780 350 20 0 2032 

14:00-15:00 1000 656.226 350 13.7738 -20 1628 

15:00-16:00 1190 830.9925 350 9.0675 0 2150 

16:00-17:00 1100 1000 - 80 20 3030 

17:00-18:00 1110 1000 - 90 20 3430.3 

18:00-19:00 1020 1000 - 20 0 2530 

19:00-20:00 850 850 - 0 0 2194 

20:00-21:00 810 810 - 0 0 2025 

21:00-22:00 650 650 - 0 0 1625 

22:00-23:00 380 380 - 0 0 950 

23:00-24:00 160 160 - 0 0 400 

Total running cost for 24 hrs is Rs.36080.4 
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Similarly, the values of cost figure that obtained in Table 7.5A has been compared with 

Table7.8B and the result shows that Table 7.5A (Rs. 36079) provides less running cost 

compared to 7.8B (Rs. 36080.4) due to changes in cuckoo search parameters where number 

of host nest=40, β=1.2, no of iteration=60, nest discard probability=0.25. It is also noticed 

that the best result is found with the number of increasing host nest and β value for a certain 

iteration number and then convergence criteria is matched. 

7.3.5.3. Study of case 1 with new parameters (β=0.9) of CS during winter 

 

Table 7.9A: Results analysis for case 1(winter) 

Input= Number of host nest=40, β=0.9, no of iteration=50, nest discard 

probability=0.25. 

Time (hr) Load 

demand(KW) 

BMGU SPS BESS Grid 

system 

Running 

cost (Rs) 

12:00-1:00 120 120 - 0 0 300.00 

1:00-2:00 115 115 - 0 0 287.50 

2:00-3:00 110 110 - 0 0 275.00 

3:00-4:00 112 112 - 0 0 280.00 

4:00-5:00 195 195 - 0 0 487.50 

5:00-6:00 380 380 - 0 0 950 

6:00-7:00 500 500 - 0 0 1250 

7:00-8:00 690 690 - 0 0 1725 

8:00-9:00 810 440 350 20 0 1180 

9:00-10:00 890 520 350 20 0 1380 

10:00-11:00 960 590 350 20 0 1555 

11:00-12:00 1040 670 350 20 0 1755 

12:00-13:00 1090 720 350 20 0 1880 

13:00-14:00 920 578.8454 341.1546 0 0 1440 

14:00-15:00 798 442.1254 350 5.87 0 1130 

15:00-16:00 890 520 350 20 0 1380 

16:00-17:00 910 810 - 80 20 2277 

17:00-18:00 930 820 - 90 20 2325 

18:00-19:00 920 914.7631 - 5.2369 0 2310 
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19:00-20:00 830 829.40 - 0.5981 0 2075 

20:00-21:00 700 700 - 0 0 1750 

21:00-22:00 510 510 - 0 0 1275 

22:00-23:00 350 350 - 0 0 875 

23:00-24:00 100 100 - 0 0 250 

Total running cost for 24 hrs is Rs.30396.5 

 

It has been noticed from the previous Table 7.9A that the optimum value depends on cuckoo 

search parameters. Running cost for each hour varies a very little from the values that 

obtained in Table 7.5B and total running cost obtained from Table 7.5B has been compared 

with Table 7.9A and the result shows that Table 7.5B (Rs. 30390) provides less running cost 

compared to 7.9 A (Rs. 30396.5). By changing the value of β from 0.9 to 1.2, the possible 

outcomes are tabulated in the next table.  

7.3.5.4. Study of case 1 with new parameters (β=1.2) of CS during winter 

 

Table 7.9B: Results analysis for case 1(winter) 

Input= Number of host nest=40, β=1.2, no of iteration=60, nest discard 

probability=0.25. 

Time (hr) Load 

demand(KW) 

BMGU SPS BESS Grid 

system 

Running 

cost (Rs) 

12:00-1:00 120 120 - 0 0 300.00 

1:00-2:00 115 115 - 0 0 287.50 

2:00-3:00 110 110 - 0 0 275.00 

3:00-4:00 112 112 - 0 0 280.00 

4:00-5:00 195 195 - 0 0 487.50 

5:00-6:00 380 380 - 0 0 950 

6:00-7:00 500 500 - 0 0 1250 

7:00-8:00 690 690 - 0 0 1723 

8:00-9:00 810 450 350 10 0 1180 

9:00-10:00 890 520 350 20 0 1380 

10:00-11:00 960 590 350 20 0 1555 

11:00-12:00 1040 670 350 20 0 1755 
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12:00-13:00 1090 720 350 20 0 1880 

13:00-14:00 920 578.8454 341.1546 0 0 1435 

14:00-15:00 798 443.1254 350 4.9 0 1130 

15:00-16:00 890 520 350 20 0 1386 

16:00-17:00 910 810 - 80 20 2265 

17:00-18:00 930 820 - 90 20 2325 

18:00-19:00 920 914.7631 - 5.2369 0 2310 

19:00-20:00 830 829.40 - 0.5981 0 2074 

20:00-21:00 700 700 - 0 0 1750 

21:00-22:00 510 510 - 0 0 1275 

22:00-23:00 350 350 - 0 0 875 

23:00-24:00 100 100 - 0 0 250 

                                                                        

Total running cost for 24 hrs is 30392 
 

Total running cost obtained from Table 7.5B has been compared with Table 7.9B and the 

result shows that Table 7.5B (Rs. 30390) provides less running cost compared to 7.9B (Rs. 

30392). Running cost figure obtained from Table 7.5A has been compared with Table7.8A 

and 7.8B and it is observed that Table 7.5A provides less running cost for summer season. 

Similarly 7.5B has compared with Table 7.9A and 7.9B and provides less running cost for 

winter season. Thus total annual cost is calculated in best cases. On the basis of generation 

power deviation is an important term in microgrid system. When load demand is greater than 

total power generation from all DERs then it is considered as positive power deviation, while 

negative power deviation implies that more power is generated with respect to the load 

demand. In both cases positive and negative power deviations arise. Extra powers are 

purchased from a conventional power grid during peak load period and extra generated 

powers are sold through contract with the conventional power grid during light load period. 

The computational value for case 1 (with BMGU and SPS as DERs) and case 2 (with 

BMGU, SPS and WT as DERs) are compared in Table 7.10. The result revels that the total 

annual cost relating to microgrid operation using BMGU and SPS is better than that using 

biomass, solar and wind turbine for the same load demand. Table 7.10 show that the total 

annual cost related with case 1 is 2.6% less than that obtained in case 2. 
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Table7.10: Comparison results of total annual cost between case 1 and 2 
 

Microgrid operation Total annual cost (Rs.) 

 

Case 1 1.3195     

 

Case 2 1.3552     

 

 

Per unit energy cost for each consumer based power delivery system is calculated by dividing 

the total annual cost with the total power consumption of the whole year. This comparison for 

the two cases has shown in Table 7.11.  

 

Table7.11:  Cost of electricity for consumers 
 

Microgrid operation Electricity price per unit [Rs./KWH] 

 

Case 1 19.44 

 

Case 2 19.97 

 

 

 

Table7.12: Compared result between cuckoo search algorithm and genetic 

algorithm 
 

Numerical methods CS GA 

Total annual cost (Rs) Total annual cost (Rs) 

 
Microgrid(case 1) 1.3195     1.3257     

 
 

Different soft computing techniques can give marginally different optimal solutions. The 

obtained result using cuckoo search algorithm is compared with another well-established 

nature inspired algorithm using the same input data for case 1[35]. Here, the genetic 

algorithm (GA) has been applied to evaluate total annual cost for the same input parameters. 

The total annual cost presented in Table 7.12 reveals that cuckoo search algorithm gives 
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better optimal solution than GA in this specific case. The result shows that GA data perform 

better than the CS by 0.47%.  

An attempt has been made to apply a new meta-heuristic algorithm called as Cuckoo Search 

algorithm for solving cost optimization problem here. A theoretical analysis has been done to 

implement a microgrid system from the economic prospective. It is observed that total annual 

cost for case 2 is high from that of case 1 due to high installation cost of wind turbine 

generator though it does not include any running cost. Total cost of a microgrid system varies 

with system installation cost, running cost and microgrid forming equipment cost. So it is 

necessary to select a proper combination of renewable energy sources to get optimum energy 

cost. Here case 1 consisting of biomass, solar and battery system has proved as an efficient 

system. From the result of this whole work conclusions are drawn which is discussed in the 

next chapter. 
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CHAPTER 8 
CONCLUION AND FUTURE SCOPE OF THIS 
WORK 

8.1. Conclusion 

A theoretical survey has been conducted from an economic perspective for different 

combination of DERs connected to microgrid Models by using cuckoo search algorithm. The 

CS method is a new nature inspired meta-heuristic algorithm where the obligate brood 

parasitism of some cuckoo species lay their eggs in the nests of another host birds of other 

species for better optimization based offspring survival. The proposed CS has been tested for 

two case studies for optimizing total annual cost of a consumer based power delivery system. 

MATLAB codes are developed to evaluate the fitness function of this problem. The 

comparison result indicated that the case 1(BMGU, SPS as DERs) is more cost effective than 

case 2 based solution sets (BMGU, SPS, WTG as DERs). It can be noted that different soft 

computing techniques can give various optimum solutions. In addition, here the obtained 

result is also compared with another technique caller genetic algorithm (GA) and CS is found 

as a better technique for this specific problem in terms of less computational time with faster 

convergence. 

 

8.2. Future scopes of this work 

 Many researchers have been carried out on renewable sources based systems. There is 

chance that in future a huge number of conventional grids will be converted to hybrid by 

incorporating renewable resources. It can be assumed that the installation and running costs 

of different renewable consisting system will definitely be minimised in near future and they 

will come up with greater effectiveness. In present work the cost optimizing problem is 

solved with CS. In future other modern meta-heuristic techniques such as hybrid cuckoo 

search algorithm, gravitational search algorithm, bacteria foraging, can also be applied to 

examine whether these algorithms can provide better solution than the implemented ones.  

 

 

 



96 | P a g e  
 

References 

[1] Prathamesh Chavan1, Prashant Jain, “Sustainable Energy for Manufacturing Industry 

An Indian Scenario”,vol.4,pp. 2319-7064,10 OCTOBER 2015 

[2] Energy statistics. Central statistics office, Government of India, 2015. 

 

[3] http://www.beeindia.in 

[4] India’s energy scenario in 2015 – challenges and prospects. Hydrocarbon Asia, pp.6-

10,JAN-MAR 2015 

 

[5] Hassan Nikkhajoei, Robert H. Lasseter,“ Distributed Generation Interface to the 

CERTS Microgrid”, IEEE transactions on power delivery, vol. 24, no. 3,pp-1598-1608, 

JULY 2009 

[6] A.G. Madureira, J.A.Pec¸“Coordinated voltage support in distribution networks with 

distributed generation and microgrids”, IET Renew. Power, Vol. 3, no- 4, pp. 439–454, 

2009. 

[7] Amr Ahmed, A. Radwan, I. Mohamed, “Linear Active Stabilization of Converter-

Dominated DC Microgrids”, IEEE transactions on smart grid, vol. 3, no. 1,pp-203-216, 

MARCH 2012 

[8] M. Ashourloo, A. Khorsandi, H. Mokhtari, “Stabilization of DCMicrogrids with 

Constant-Power Loads by an Active Damping Method”,4th Power Electronics, Drive 

Systems & Technologies Conference (PEDSTC2013), pp.471-475, FEB l3-14, 2013. 

[9] Poh Chiang Loh, Ding Li, Yi Kang Chai, and Frede Blaabjerg, “Autonomous Control 

of Interlinking Converter With Energy Storage in Hybrid AC–DC Microgrid”, IEEE 

transactions on industry applications, vol- 49, No-3,p.p-1374-1382, MAY/JUNE 2013 

[10] Justo, Jackson John, Francis Mwasilu, Ju Lee, and Jin-Woo Jung. "AC-microgrids 

versus DC-microgrids with distributed energy resources: A review." Renewable and 

Sustainable Energy Reviews p.p-387-405, 2013 

[11] Liu, Xiong, Peng Wang, and Poh Chiang Loh. "A hybrid AC/DC microgrid and its 

coordination control." Smart Grid, IEEE Transactions vol- 2, no. 2, p.p- 278-286 2011. 

[12] Jose´ L. Bernal-Agustın, Rodolfo Dufo-Lopez, “Simulation and optimization of stand-

alone hybrid renewable energy systems”, Renewable and Sustainable Energy Reviews, 

vol-13,pp-2111–2118, 2009 



97 | P a g e  
 

[13] Fang Z. Peng, Yun Wei Li and Leon M. Tolbert, “Control and Protection of Power 

Electronics Interfaced Distributed Generation Systems in a Customer-Driven 

Microgrid”, IEEE vol-978-1-4244-424,1-JUNE-6,2009 

[14] Nagaraju Pogaku, Milan Prodanovic, Timothy C. Green, “Modeling, Analysis and 

Testing of Autonomous Operation of an Inverter-Based Microgrid”, IEEE transactions 

on power electronics, vol. 22, No. 2,p.p-613-624, MARCH, 2007. 

[15] Yong You, Gang Wang, Chang-hua Zhang, Jing-ruLian, “An Improved Frequency 

Control Method for Microgrid in Islanded Operation”, IEEE transactions on 

Instrumentation and Measurement, Sensor Network and Automation (IMSNA), 2013 

2nd International Symposium  vol-27,p.p-296-299, JUNE 6-2013. 

[16] Zaidi, Adeel Abbas, and Friederich Kupzog. "Microgrid automation-a self-configuring 

approach." In Multitopic Conference, 2008. INMIC 2008. IEEE International, p.p. 565-

570. IEEE, 2008. 

[17] Hua Han, Xiaochao Hou, Jian Yang, “Review of Power Sharing Control Strategies for 

Islanding Operation of AC Microgrids”, IEEE transactions on smart grid, p.p-1-

16,2015. 

[18] Xiongfei Wang, Josep M. Guerrero, Zhe Chen, “Control of Grid Interactive AC 

Microgrids”,IEEE,vol-7,pp-2211-2216,2010 

[19] Prasenjit Basak, S. Chowdhury b, S. Halder, S.P. Chowdhury, “A literature review on 

integration of distributed energy resources in the perspective of control, protection and 

stability of microgrid” Renewable and Sustainable Energy Reviews, vol- 16,p.p- 5545–

5556, 2012. 

[20]. Fang Z. Peng, Yun Wei Li, Leon M. Tolbert, “Control and protection of power 

electronics interfaced distributed generation systems in a customer-driven microgrid”, 

IEEE transactions on Power & Energy Society General Meeting. July pp- 1–8, 2009. 

[21] A. Khorsandi, M. Ashourloo, H. Mokhtari, “An Adaptive Droop Control Method for 

Low Voltage DC Microgrids”, The 5th Power Electronics, Drive Systems and 

Technologies Conference, pp-84-89, 2014. 

[22] A. Tuladhar and H. Jin, “A Novel Control Technique to Operate DC DC Converters in 

Parallel With No Control Interconnections” IEEE transactions on Power Electronics 

Specialists Conference, pp-892-898, 1998. 

[23] John Schönberger, Richard Duke, “DC-Bus Signaling: A Distributed Control Strategy 

for a Hybrid Renewable Nanogrid” IEEE transactions on industrial electronics, Vol-53, 



98 | P a g e  
 

No- 5p.p-798-805,October2006. 

[24] Amir Khorsandi, Mojtaba Ashourloo, “A Decentralized Control Method for a Low-

Voltage DC Microgrid” IEEE transactions on energy conversion, Vol- 29, No-4, pp-

512-520,DECEMBER 2014 

[25] Sandeep Anand, Baylon G. Fernandes, Josep M. Guerrero, “Distributed Control to 

Ensure Proportional Load Sharing and Improve Voltage Regulation in Low-Voltage 

DC Microgrids”, IEEE transactions on power electronics, vol-28, N0- 4, pp-919-

926,APRIL 2013 

[26] Chowdhury SP, Chowdhury S, Crossley, “Islanding protection of active distribution 

networks with renewable distributed generators: A comprehensive Survey” Electric 

Power Systems Research,Vol-79 No-6,pp-984–992,2009 

[27] Ali Bidram, Ali Davoudi, “Hierarchical Structure of Microgrids Control System”, 

IEEE transactions on smart grid, vol. 3, NO. 4,p.p-1963-1975, DECEMBER 2012 

[28] Lonkar, Manoj, and Srinivas Ponnaluri. "An overview of DC microgrid operation and 

control." In Renewable Energy Congress (IREC), 2015 6th International, pp. 1-6. 

IEEE, 2015. 

[29] Z.H. Jian, Z.Y. He, “A Review of Control Strategies for DC Micro-grid”, IEEE 

In Intelligent Control and Information Processing (ICICIP), 2013 Fourth International 

Conference, pp-687-695, 2014. 

[30] Chi Jin, Peng Wang, Jianfang Xiao,Yi Tang, “Implementation of hierarchical control in 

DC microgrids”, pp-47-55,2007. 

[31] Azrik M. Roslan, Khaled H. Ahmed, Stephen J. Finney, and Barry W. Williams, 

“Improved Instantaneous Average Current-Sharing Control Scheme for Parallel-

Connected Inverter Considering Line Impedance Impact in Microgrid Networks” IEEE 

transactions on power electronics, V0l-. 26, No. 3, pp-702-716, MARCH 2011. 

[32] Hiroaki Kakigano, Member, Yushi Miura, ToshifumiIse, “Distribution Voltage Control 

for DC Microgrids Using Fuzzy Control and Gain-Scheduling Technique” ,IEEE 

transactions on power electronics, Vol- 28, No- 5,pp-2246-2257, MAY 2013. 

[33] Chitra Natesan, Senthil Kumar Ajithan, Swathi Chozhavendhan, Anitha Devendhiran, 

“Power Management Strategies in Microgrid: A Survey”, international journal of 

renewable energy research, Vol.5, No.2, 2015,pp-334-340,2015. 

[34] Swati Negi1,Lini Mathew, “Hybrid Renewable Energy System: A Review”, 

International Journal of Electronic and Electrical Engineering. Vol-7, pp. 535-542, 



99 | P a g e  
 

Number 5 (2014). 

[35] T. Som, N. Chakraborty, “Studies on Economic Feasibility of an Autonomous Power 

Delivery System Utilizing Alternative Hybrid Distributed Energy Resources”, IEEE 

transactions on power systems, Vol. 29, No. 1,pp-172-181,JANUARY 2014. 

[36] Simone Baldi, Athanasios Karagevrekis, Iakovos T.Michailidis, Elias B. 

Kosmatopoulos, “Joint energy demand and thermal comfort optimization in 

photovoltaic-equipped interconnected microgrids”, Energy Conversion and 

Management, vol-101, p.p-352–363, 2015. 

[37] http://www.wbsedcl.in 

 

[38] ThiloBocklisch,“Hybrid energy storage systems for renewable energy applications”, 

IRES, Vol-73,pp- 103 – 111,2015. 

[39] M. Rezwan Khan and Md. Fayyaz Khan,Energy Cost Calculations for a Solar PV 

Home System,2001 

[40] J. H. R. Enslin, D. B. Snyman, “Combined Low-Cost, High-Efficient Inverter, Peak 

Power Tracker and Regulator for PV Applications”, IEEE transactions on power 

electronics, vol. 6. NO. I, pp-73-81, JANUARY 1991. 

[41] Berrazouane.sofian, Mohammedi. Kamal, Alem Said, “Design and optimal energy 

management strategy for stand-alone PV battery-Diesel systems using cuckoo search 

algorithm”, IEEE transactions on Systems and Control, October 29-31, 2013. 

[42] Sarangthem Sanajaoba, “Eugene Fernandez, Maiden application of Cuckoo Search 

algorithm for optimal sizing of a remote hybrid renewable energy System”, Renewable 

Energy, vol- 96, p.p-1-10, 2016. 

[43] Lu Zhang1, Georges Barakat, Adnan Yassine, “Design and optimal sizing of 

hybridPV/wind/diesel system with battery storage by using DIRECT search 

algorithm”, IEEE 15th International Power Electronics and Motion Control 

Conference, pp-(DS3b.19-1-DS3b.19-7),December 2012 

[44] Tudu, B., S. Majumder, K. K. Mandal, and N. Chakraborty. "Optimal unit sizing of 

stand-alone renewable hybrid energy system using bees algorithm." In Energy, 

Automation, and Signal (ICEAS), 2011 International Conference on, pp. 1-6. IEEE, 

2011. 

[45] Joydeep Mitra, Satish Ranade, Shashi B. Patra, “Microgrid Architecture: A Reliability 

Constrained Approach”, IEEE transaction on power engineering society general 



100 | P a g e  
 

meeting, pp-783-788,2005 

[46] Carlos A. Hernandez-Aramburo, Tim C. Green, Nicolas Mugniot, “Fuel Consumption 

Minimization of a Microgrid”, IEEE transactions on industry applications, vol. 41, No. 

3,pp- 673-681,MAY/JUNE 2005. 

[47] Wenchao Yi, Yinzhi Zhou, Liang Gao, Xinyu Li, Jianhui Mou, “An improved adaptive 

differential evolution algorithm for continuous optimization, Expert Systems With 

Applications”, vol- 44,p.p-1–12, 2016. 

[48] M. Ding, Y.Y. Zhang, M.Q. Mao, W. Yang and X.P. Liu, “Operation Optimization for 

Microgrids under Centralized Control”, IEEE transaction on Power Electronics for 

Distributed Generation Systems (PEDG), pp-984-987,2010. 

[49] Kanchev, Hristiyan, Di Lu, Bruno Francois, and Vladimir Lazarov. "Smart monitoring 

of a microgrid including gas turbines and a dispatched PV-based active generator for 

energy management and emissions reduction." IEEE transaction on innovative Smart 

Grid Technologies Conference Europe (ISGT Europe), 2010 IEEE PES, pp. 1-8.,2010. 

[50] Mohamed, Faisal A., and Heikki N. Koivo. "System modelling and online optimal 

management of microgrid using mesh adaptive direct search."International Journal of 

Electrical Power & Energy Systems 32, no. 5 (2010): 398-407. 

[51] Ren, Hui, Anwei Xiang, Weijun Teng, and Rongjia Cen. "Economic optimization with 

environmental cost for a microgrid." In Power and Energy Society General Meeting, 

2012 IEEE, pp. 1-6, 2012. 

[52]  Kamal Krishna Mandal, Vivekananda Haldar, and Niladri Chakraborty. "Comparison 

of Different Variants of Differential Evolution applied to short-term economic 

generation scheduling of hydrothermal systems." In IPEC, IEEE Conference 

Proceedings, pp. 836-841, 2010. 

[53] K. K. Mandal,, and N. Chakraborty. "Differential evolution based environmentally 

constrained economic dispatch." In India Conference, 2008. INDICON 2008. Annual 

IEEE, vol. 2, pp. 471-476. IEEE, 2008. 

[54]. A.Hima Bindu1, Dr. M. Damodar Reddy, “ Economic Load Dispatch Using Cuckoo 

Search Algorithm”, International Journal of Engineering Research and Applications 

(IJERA), Vol. 3, Issue 4, pp. 498-502, Jul-Aug 2013. 

[55] Thang Trung Nguyen, Dieu Ngoc Vo, Anh Viet Truong, “Cuckoo search algorithm for 

short-term hydrothermal scheduling”, Applied Energy Vol-132, pp- 276–287, 2014. 

[56]. H. Vahedi, R. Noroozian, S. H. Hosseini, “Optimal Management of MicroGrid Using 



101 | P a g e  
 

Differential Evolution Approach”, IEEE, PP-1-10, 2010. 

[57]. M. D. Govardhan, Ranjit Roy, “Artificial Bee Colony based Optimal Management of 

Microgrid”,IEEE,pp-45-51,2012 

[58] Baidurya Bhattacharya, K. K. Mandal, and Nilanjan Chakraborty. "Real and reactive 

power optimization using hybrid cultural algorithm." In Control, Instrumentation, 

Energy and Communication (CIEC), 2014 International Conference on, pp. 441-445. 

IEEE, 2014. 

[59] Soma Biswas, Amitava Chatterjee, Swapan Kumar Goswami, “An Artificial Bee 

Colony based Optimal Placement and Sizing of Distributed Generation”, IEEE 

International Conference, pp-356-360, 2014. 

[60] Qijun Deng,Xing Gao, Hong Zhou and Wenshan Hu, “System modeling and 

optimization of microgrid using Genetic Algorithm”, IEEE, pp-540-544,2011. 

[61] Sudipta Chakraborty, and M. Godoy Simoes. “PV-microgrid operational cost 

minimization by neural forecasting and heuristic optimization.” In Industry 

Applications Society Annual Meeting, 2008. IAS'08. IEEE, pp. 1-8. IEEE, 2008. 

[62] Noroozian, R., and H. Vahedi. "Optimal management of MicroGrid using bacterial 

foraging algorithm." In Electrical Engineering (ICEE), 2010 18th Iranian Conference 

on, pp. 895-900. IEEE, 2010. 

[63] Dou, Chun-xia, Xing-bei Jia, Zhi-qian Bo, Fang Zhao, and Dong-le Liu. "Optimal 

management of microgrid based on a modified particle swarm optimization algorithm." 

In Power and Energy Engineering Conference (APPEEC), 2011 Asia-Pacific, pp. 1-8. 

IEEE, 2011. 

[64] Thang Trung Nguyen a, Dieu Ngoc Vo, “Modified cuckoo search algorithm for short-

term hydrothermal Scheduling, Electrical Power and Energy Systems”, Vol- 65, p.p-

271–281, 2015. 

[65] M. Balasubbareddy , S. Sivanagaraju , Chintalapudi , Suresh, “Multi-objective 

optimization in the presence of practical constraints using non-dominated sorting 

hybrid cuckoo search algorithm”, Engineering Science and Technology, an 

International Journal, p.p-1-13, 2015 

[66]. K. Chandrasekaran , Sishaj P. Simon, “Multi-objective scheduling problem: Hybrid 

approach using fuzzy assisted cuckoo search algorithm”, Swarm and Evolutionary 

Computation, vol- 5, p.p- 1–16, 2012. 

[67] National Renewable Energy Laboratory (NREL): HOMER, The Micropower 



102 | P a g e  
 

Optimization Model [Online]. Available: http://www.homerenergy.com. 

 

[68] Performance analysis of renewable energy system Phd thesis Anis Afzal. 

[69]. T. Ruberti, ―Off-grid hybrids: Fuel cell solar-PV hybrids, Refocus, vol. 4, no. 5, pp. 

54–57, 2003. 

[70] Bong-Yeon Choi, Yong-Su Noh, Young- HyokJi, Byoung-Kuk Lee, Chung-Yuen 

Won. “Battery-Integrated Power Optimizer for PV-Battery. 2012 IEEE Vehicle Power 

and Propulsion Conference”, Oct. 9-12, 2012, 

[71] F. Boshell, O.P. Veloza, Review of Developed Demand Side Management Programs 

Including Different Concepts and their Results, IEEE, p.p-1-7, 2008. 

[72]. F. Boshell, “Sustainable Electrical Energy: The Business Case for Electrical Energy 

Efficiency”, New York, USA, Tech. Rep., Nov. 2005. 

[73] California Energy Commission, "Energy Efficiency and Conservation Trends and 

Policy Issues", California, USA, May. 2003. 

[74] U.S. Department of Energy, "Benefits of Demand Response in Electricity Markets and 

Recommendations for Achieving them", USA, Feb. 2006. 

[75] http://www.beestarlabel.com 

 

[76] Peter McKendry, “Energy production from biomass (part 2): conversion technologies, 

Bioresource Technology”, vol- 83, p.p- 47–54, 2002. 

[77] http://www.wbreda.org 

 

[78] M. Rezwan Khan and Md. Fayyaz Khan,Energy Cost Calculations for a Solar PV 

Home System,2001 

[79] Zadeh L.A; “The roles of fuzzy logic and soft computing in the conception, design and 

deployment of intelligent system”; BT Technol J.14 (4): 32-36, 1994. 

[80] Yang, X. S., and Deb, S.: Cuckoo search via Lévy flights. In: World Congress on 

Nature & Biologically Inspired Computing; IEEE; pp. 210-214, Coimbatore, December 

9-11, 2009, India. 

[81] A. Hina Fathima , K. Palanisamy, “Optimization in microgrids with hybrid energy 

systems – A review”, Renewable and Sustainable Energy Reviews , vol-45,p.p- 431–

446, 2015. 

[82] Subho Upadhyay, M.P. Sharma, “A review on configurations, control and sizing 

http://www.homerenergy.com/


103 | P a g e  
 

methodologies of hybrid energy systems,” Renewable and Sustainable Energy 

Reviews, vol. 38, pp. 47–63, 2014 

[83] Ayhan debirmas, “Biomass resouraces facilities and biomass conversion processing, 

for fuels and chemicals”, energy conversion management, vol-2, p.p-1537-1378, 2001. 

[84] Antonio C. Caputo, Mario Palumbo, Pacifico M. Pelagagge_, Federica Scacchia, 

“Economics of biomass energy utilization in combustion and gasification plants: 

effects of logistic variables, Biomass and Bioenergy”, vol-28,  p.p- 35–51, 2005. 

[85] N.L. Panwar, S.C. Kaushik, Surendra Kothari, “Role of renewable energy sources in 

environmental protection: A review”, Renewable and Sustainable Energy Reviews , 

vol-15, p.p-1513–1524,2011. 

[86] G. Schuster, K. Weigl, H. Hofbauer, “Biomass steam gas an extensive parametric 

modeling study” Bioresource Technology ,vol-77, p.p- 71-79,2001. 

[87] Lopamudra Devi, Krzysztof J. Ptasinski, Frans J.J.G. Janssen, “A review of the 

primary measures for tar elimination in biomass gasi cation processes”, Biomass and 

Bioenergy, vol-24, p.p- 125 – 140, 2003. 

[88] C.Z. Wu, H. Huang, S.P. Zheng, X.L. Yin, “An economic analysis of biomass 

gasification and power generation in China”, Bio resource Technology, vol- 83, p.p- 

65–70, 2002. 

[89] Bhuiyan MMH, Asgar MA., “Sizing of a stand-alone photovoltaic power system at 

Dhaka,” Renewable Energy, vol.28, no. 6, pp. 929–38, 2003. 

[90] Banosa, Manzano-Agugliarob, Montoyab FG, Gila, Alcaydeb , Gómezc . 

“Optimization methods applied to renewable and sustainable energy—a Review”. 

Renew Sustain Energy Rev,vol-15, p.p-1753–66, 2011 

[91]. Hongxing Y, Zhou W, Chengzhi L. “Optimal design and techno-economic analysis of 

a hybrid solar–wind power generation system”. Applied Energy 

Vol-86, p.p-163–9, 2009. 

[92] Ismail MS, Moghavvemi M, Mahlia TMI. “Characterization of PV panel and global 

optimization of its model parameters using genetic algorithm,” Energy Convers 

Manage vol. 73, pp. 10–25, 2013. 

[93] Proc of 3rd World Conference on Photovolt Energy Convers, vol. 2, pp. 1521–4, 2003. 

[94] Suitable for use in simulation studies of solar energy conversion systems,” In: Proc. Of 

6th International Conference on Power Electronics and Variable Speed Drives, pp. 69–

74, 1996. 



104 | P a g e  
 

[95] Villalva MG, Gazoli JR, Filho ER, “Modelling and circuit based simulation of 

photovoltaic arrays,” Brazilian Power Electronics Conference, pp. 1244–54, 2009. 

[96] Sánchez-Friera P et al., “Analysis of degradation mechanisms of crystalline silicon PV 

modules after 12 years of operation in Southern Europe,” Progress in Photovoltaics: 

Research and Applications, vol. 19, no. 6, pages 658–666, September 2011. 

[97] Ismail MS, Moghavvemi M, Mahlia TMI. “Characterization of PV panel and global 

optimization of its model parameters using genetic algorithm,” Energy Convers 

Manage vol. 73, pp. 10–25, 2013. 

[98] Mohit Singh, Surya Santoso, “Dynamic Models for Wind Turbines and Wind Power 

Plants,” National Renewable Energy Library, October 2011 

[99] Chedid R, Akiki H, Rahman S, “A decision support technique for the design of hybrid 

solar–wind power systems,” IEEE trans Energy Convers ,vol. 13, no. 1, pp. 76–83, 

1998. 

[100] Sunanda Sinha, S.S. Chandel , “Review of recent trends in optimization techniques for 

solar photovoltaic–wind based hybrid energy systems”, Renewable and Sustainable 

Energy Reviews, vol-50, p.p-755–769, 2005. 

[101] Deshmukh MK, Deshmukh SS. Modeling of hybrid renewable energy systems. Renew 

Sustain Energy Rev vol-12,p.p-235–492, 2012 

[102] Ai B, Yang H, Shen H, Liao X., “Computer-aided design of PV/wind hybrid system,”  

Renewable Energy, vol. 28, no.10, pp.1491–1512, 2003. 

[103] Bhuiyan MMH, Asgar MA., “Sizing of a stand-alone photovoltaic power system at 

Dhaka,” Renewable Energy, vol.28, no. 6, pp. 929–38, 2003. 

[104] Thilo Bocklisch, “Hybrid energy storage systems for renewable energy applications”, 

Energy Procedia, vol- 73 p.p-103 – 111, 2015. 

[105] KyriakarakosG, DounisAI, ArvanitisKG, Papadakis, “G.A fuzzy logic energy 

management system for poly generation microgrids Renew”. Energy. vol.41, pp.315-

327, 2013 

[106] CarapellucciR, GiordanoL, “Modeling and optimization of an energy generation island 

based on renewable technologies and hydrogen storage systems”. Int. J. Hydrogen 

Energy, vol.37, 2012. 

[107] WangG, CiobotaruM, AgelidisVG, MemberSS. “Power Smoothing of Large Solar PV 

Plant Using Hybrid Energy Storage”, IEEE Trans on Sustain. Energy. Vol.-5, No-3, 

pp-1-9, 2014.  



105 | P a g e  
 

[108] IseT, KitaM, TaguchiA. “Hybrid energy storage with a SMES and secondary battery”. 

IEEE Appl. Supercond, 2005. 

[109] Briat O et al. “Principle, design and experimental validation of a flywheel battery 

hybrid source for heavy-duty electric vehicles”, IET Electr. Power Appl.; 2007.  

[110] Santiago Silvestre, Aissa Chouder, Engin Karatepe, “Automatic fault detection in grid 

connected PV systems,” Solar Energy, vol. 94, pp.119–127, 2013. 

[111] A. Hazra, M. Basu, “Economic analysis to implement distributed generation system in 

a rail-way rake maintenance depot”, Renewable Energy ,vol-78, p.p- 157-164,2015 

[112] http://www.ashden.org/biomass-gasification 

 

[113] J. S. Derman and F. Pettersson, “Structural and operational optimization of distributed 

energy systems,” Appl. Thermal Eng., vol. 26, pp. 1400–1408, 2006. 

 

[114] L. Goldstein and B. Headman, “Gas-fired distributed energy resources technology 

characterization,” US DOE Office of Energy Efficiency and Renewable Energy, Tech. 

Rep. 

 

 


