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Abstract: - Smart-grid proficiency stresses the complex 

networks of the electricity, it will bring together in future 

smart infrastructure for power system through dynamics 

among sources. This research proposes the vital 

operation of renewable energy sources (RES) like solar 

photovoltaic (PV), wind energy, fuel cell (battery) with 

an existing grid of AC and diesel generator as standby, 

in the interpretation of the cognitive and reliable process 

of power systems. These sources modeling and 

simulation is performed for optimal power flow based on 

power flow chart for demand-side management. The 

designed system fulfills realistic operation for the power 

system, based on fundamentals. The constraints are 

lively for synchronizing of voltage, frequency and 

waveform at the PCC for grid integration with RES. 

Also, these are beneficial for the switching of protective 

devices through remote monitoring and control. Finally, 

with these features, the developed system testing are 

conceded for linear, nonlinear and dynamic loading. 

These results are proximate to the specified tolerance at 

different universal morals. 
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I. INTRODUCTION 

Modern electric power markets worldwide have been 

experiencing dramatic changes due to the restructuring 

of the industry and over the years. Integration into the 

world economy has proven a powerful means for 

countries to promote economic growth, development, 

poverty reduction, as well as raised living standards all 

over the world. Trade has been an engine of growth for 

integration into the world economy. Since 1947, when 

the General Agreement on Tariffs and Trade (GATT) 

has created, the world trading system has benefited from 

trade liberalization [1]. 

Following the success of liberalization of various sectors 

of the economy, electricity markets underwent a similar 

transition. Vertically integrated utilities, which managed 

any electricity system needs generation, transport and 

distribution of electricity. Dis-integrating these utilities 

was unbundled, and competition in generation and 

distribution introduced [2, 3]. 

Hence, the development in electricity market has 

acquired substantial importance to incorporate seamless 

efficiency. As the world is determine to migrate from 

conventional fossil fuels to renewable energy, as a major 

part of green energy revolution. India is one of the 

world's biggest users of coal, and the adoption of 

renewable energy such as solar photovoltaic (PV) power, 

wind power, etc. are on priority for the Government of 

India to meet India's rising fuel and renewable energy 

demand [4]. 

It’s not a total replacement of conventional energy 

generation but considered to be an added source of 

energy. The necessary technology and up-gradation is 

necessary to be developed and implemented in a phased 

manner over the years, to meet the rapidly increasing 

demand for electricity, especially in the Indian context. 

The Electricity business is thus poised for robust value 

creation. Switching and its further automation will play a 

catalytic role in determining the future of this business 

activity. Using this thread, the area of research has been 

determined for the research work to be carried out [5]. 

Grid connected converters are required to transfer 

harvested green energy from wind and solar PV energy 

systems into the main grid. The importance of the single- 

phase grid connection for these sources should not be 

underestimated. It is one of the key components when it 

comes to stable and efficient power transfer from the 

solar PV or wind power or hybrid system into the grid. 

Not only grid-synchronization, also electromagnetic 

interference (EMI) problems, harmonic regulations and 

efficiency are important design issues that have to be 

solved [6]. 

 

II. SOLAR PV STAND-ALONE SYSTEM 

A solar PV or solar power system is a power system 

intended to supply functional solar energy through PV. It 

consists of an arrangement of numerous components, 

including solar PV panels to absorb and transform 

sunlight into electricity, a solar PV inverter to change the 

electric current from DC to AC, as well as mounting, 

cabling, and other electrical accessories to set up a 

working system [7]. It may also use a solar PV tracking 

system to improve the system's overall performance and 

include an integrated battery solution, as prices for 

storage devices are expected to decline. Strictly 

speaking, a solar PV array only includes the 

collaborative of solar PV panels, the visible part of the 

solar PV system, and does not include all the other 

hardware, often summarized as a balance of the system. 

Furthermore, solar PV systems convert light directly into 

electricity and shouldn't be confused with other 

technologies, such as concentrated solar power or solar 

thermal, used for heating and cooling [8]. 

India receives solar energy equivalent to more than 5000 

trillion kWh per year, which is far more than its total 
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annual consumption. The daily global radiation is around 

5 kWh/ m2 day with sunshine ranging between 2300 and 

3200 hours per year in most regions of India. Though the 

energy density is low and the availability is not 

continuous, it has now become possible to harness this 

abundantly available energy very reliably for many 

purposes by converting it to usable heat or through the 

direct generation of electricity. The conversion systems 

are modular and can be appropriately used for 

decentralized applications. The typical Solar PV stand- 

alone system consists of a solar PV array and a battery 

connection as shown in Fig. 1.The array powers the load 

and charges the battery during the daytime. The battery 

powers the load after dark. The inverter converts the DC 

power of the array and the battery into 60 or 50 Hz 

power. 

 

 
Fig.1: Solar PV stand-alone power system 

 

III. CONTROL OF MICROGRID 

The control strategies for microgrid depend on the mode 

of its operation. The aim of control technique should be 

to stabilize the operation of microgrid. When designing a 

controller, operation mode of MG plays a vital role. 

Therefore, after modelling the key aspect of the 

microgrid is control. 

 
1. Control of Grid Connected 

In grid connected mode, microgrid acts as a controllable 

load/source. It should not actively regulate the voltage at 

the point of common coupling (PCC). Its main function 

is to satisfy its load requirements with good citizen 

behavior towards main grid. The balance between 

generation and demand, control of the parameters of the 

system is taken care by the utility grid. The voltage and 

frequency reference of the microgrid is also set by the 

main grid. Therefore the main task of a DG unit is to 

control the output real power (P) and reactive power (Q). 

 
2. Control Islanded Microgrid 

In islanded mode, the reactive power sharing is highly 

dependent on impedance of power line. Due to the 

different distances among DERs interface converters 

(DICs), the equivalent transmission line impedance 

could be unequal [12]. Pf and QV droop characteristics 

are used in DER interface converters for power sharing 

operations. The Pf droop control provides an accurate 

real power sharing among the DIC’s but the problem 

arises in QV droop control. Because of this unequal 

impedance load sharing performance of QV control can 

be affected. 

 

IV. SMART GRID 

The present demand side management strategies used in 

traditional energy management systems employs scheme 

specific techniques and algorithms and in addition to it 

the existing approaches handle only a limited number of 

controllable loads of limited types. Demand side 

management strategies are based on load shifting 

technique for DSM of future smart grids with a large 

number of devices of several types. 

 

 
Fig.2: RES for grid integration 

The day-ahead load shifting technique proposed in this 

paper is mathematically formulated as a minimization 

problem. 

A heuristic-based evolutionary algorithm that easily 

acclimatizes was developed for solving this 

minimization problem and simulations were carried out 

on a smart grid which contains a variety of loads in three 

service areas, one with residential customers, another 

with commercial customers, and the third one with 

industrial customers. The simulation results show that 

the DSM strategy achieves substantial savings, though 

reducing the peak load demand of the smart grid. 

The advanced measurement system based on synchro 

phasors was also implemented using DAQs real-time 

synchronous data. The developed system features a wide 

variety of competences such as online system parameters 

calculation and online voltage stability monitoring. 

These are implemented as an experimental case to 

improve WAM. Furthermore, the protection system was 

designed inside of the real-time software environment to 

monitor the real-time wide area data, and make a 

comprehensive and reliable coordination for the entire 

system and ideas related to the communication of a dc 

microgrid involving sustainable energy sources with the 

main ac grid have been also implemented and presented. 

The implemented system is obvious and possible in any 

research laboratory and for real-time real-world smart 

grid systems. 

Various literature and publications on the topic of the 

thesis are discussed in the preceding section to recognize 

and describe the possibility of the research work. In this 
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section scope, aim and objectives of the research 

involvement are defined. 

The first part of the literature shows that the setting or 

spread of the grid interconnection with individual or 

multiple RES has certain challenges like: 

• Providing the screening applications for power 

system parameters 

• The power flow solution 

• Multi-phase analysis 

• Circuit model size 

• Harmonics 

• Determining the value of DG 

• Modeling sub-transmission 

• Assessing distribution reliability 

• Loss analysis 

• Protective device coordination 

 

V. METHODOLOGY AND RESULTS 

The RES with modern authenticity is imparting for grid 

integration as a portion of a smart grid. In this chapter, 

expertise for RES like solar PV, wind energy, along with 

storage battery (fuel cell) with advanced features of grid 

integration is applied for monitoring and control of 

power system parameters. The system behavior is 

controlled by DSP as per the requirement of load and in 

which energy is supplied through RES with grid 

interconnection. 

Technologies have been developed to harness this 

energy to fulfill this demand. These sources were 

individually used to supply the load. Each source has its 

own set up to harness energy convert into electricity and 

supply to the load. But the drawback of such a method is 

that they are not reliable and load get often interrupted 

which causes varieties of problems. To overcome the 

discussed difficulties the DSP controller has been 

adopted to take into consideration various energy 

sources. These can generate and supply an uninterrupted 

approach through a designed three-phase inverter. The 

algorithm has been developed for transit between the 

energy sources as per their availability such as harness 

the maximum amount of energy generated from RES. 

 

 

 

 
Fig.3: Simulation Model of Proposed Methodology 

Power electronic interfacing based strategies for 

conversion of DC to AC for grid integration of RES 

causes voltage/current harmonic distortions in the power 

grid. This section presents a simulation for harmonic 

current profiles for three-phase inverters of these 

interfacing for individual source. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Grid current and grid voltage are in same phase 

In this context, harmonic mitigation for RES while grid 

integration. The system is planned for 10 kW capacities 

for loads with the switching of the L-C circuit by 

programming in the DSP. The action for switching the 

L-C circuit is performed by sending voltage and current 

status through hall-effect sensors. The harmonics are 

mitigated for the THD level. 

 

Fig. 5: Unity Power factor at the grid side 

Power quality describes the importance of the issues 

found in any electrical system; these issues are depended 

on the perspective of the end-user network. But it is 

repeatedly detected that there is a deviation in sinusoidal 

voltage and current waveforms. This distortion is 
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nothing but the harmonics and the reason for the concern 

at different stages in electrical power systems. This 

harmonic distortion affects different electric machines, 

telecommunication systems, etc. Non-linear loads keep 

on adding to harmonics and the most widely used non- 

linear loads are power convertors, speed control of 

motors, transportation systems, and domestic appliances. 

After a certain level, reactive impedance of the system 

form tank circuit with the inductive reactance of the 

system at the resonant frequency which gives rise to the 

large currents. 

 

VI. CONCLUSION 

The smart grid distribution system developed through 

power electronics will support to utilize RES and operate 

in an automated way. The whole configures both 

communication network and power line network has 

successfully achieved in session to work in the mode of 

master-slave towards the fulfillment of dynamic loading 

on demand-side management. 

Hence it is concluded that the proposed designed and 

developed pilot model shows consistency in the results 

and having the evidence of successful integration of RES 

into the grid thus called Smart Grid. It is expected that 

when a large scale RES integrates is future of the world 

large scale development of this pilot model will be, an 

integrated part for all smart grid operation purposes. The 

simulation results shows that the standard deviation of 

the utilization factors of the inverters with the proposed 

approach is significantly less than that achieved with 

conventional Proportional Nominal Apparent Power 

Sharing (PNAPS) method. 
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