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I. INTRODUCTION 
 

In this modern world a wide range of problems are 

being faced, there are many green houses are being 

emitted which made a negative impact to our 

environment. The non-renewable energy sourced 

power stations are one of the contributors for 

emitting greenhouse gases. Besides them these 

power stations are also main causes for many 

diseases occurring to people who are residing the 

power stations. Moreover these power stations are 

not permanent as the energy sources will be 

depleted soon.Large wind turbines use mechanical 

systems, such as geared or gearless devices to 

increase the speed of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The generator. In addition, an inverter is employed to 

adjust the output voltage to exceed the grid value. 

With its phase leading the bus phase, wind power 

can be integrated into the grid bus. The integration 

can be easily realized owing to negligible impedance 

of the utility bus. The main issues for wind power 

generating systems include fluctuations in output 

voltage and quality of power supplied to the utility 

power system. In renewable energy systems, wind 

power and solar energy are integrated to improve 

the reliability of the individual power system. 

Conventionally, the AC output voltage of the wind 

turbine is rectified, and then combined with the 

output voltage of the solar cell to charge the battery 

and provide power supply to the load. 

Abstract- The AC and DC power system structures need to be modernized to meet consumer demands. 

DC microgrids are suitably admired due to their high efficiency, consistency, reliability, and load 

sharing performance, when interconnected to DC renewable and storage sources. The main control 

objective for any DC microgrid is providing proper load–power balancing based on the Distributed 

Generator (DG) sources. Due to the intermittent nature of renewable energy sources, batteries play an 

important role in load–power balancing in a DC microgrid. The existing energy management strategy 

may be able to meet the load demand. However, that technique is not suitable for rural communities’ 

power system structure. This research offers an energy management strategy (EMS) for a DC 

microgrid to supply power to rural communities with solar, wind, super capacitor and batteries as 

input sources  The conventional design method considers the rated super capacitor voltage in the 

modelling and design of controllers. The conventional method of controller design can potentially 

make the system unstable or introduce ringing in the DC link voltage at low super capacitor voltage.  

In this the sensitivity of DC micro grid stability with respect to super capacitor voltage variation is 

analyzed and a control design method is proposed to ensure the stability of DC micro grid in all 

operating modes. The design and stability analysis of a DC micro grid with battery-super capacitor 

energy storage system under variable super capacitor operating voltage. 

 

Keywords- main components of power system, electrical power transmission, supply system in power 

system. 
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ENERGY RESOURCES Since the invention of first 

engine in17th century, energy consumption has been 

highlighted due to different causes, such as political, 

economic, world population based, requirements of 

new technologies in use. Persistent increase in the 

energy demand has caused to seek new energy 

resources in the world. New alternative energy 

resources have been also utilized minimize the 

energy deficit World Energy 

Production/Consumption profile. Energy resources 

are classified into two groups primary-undeniable 

and secondary-renewable resources, with respect to 

change in quantitative.  

 

Renewable Energy Resources Renewable energy 

resources are the ones that are persistently available 

and renewing itself with the time. Industrialization 

and increasing world population has remarked the 

use of renewable energy resources. Solar power, 

wind power, biomass, tide power, wave power, 

geothermal power is known ones  

 

STAND-ALONE HYBRID GENERATION Remote 

rural areas, especially in developing countries, are in 

great need of affordable and reliable electricity to 

achieve development. Likewise, an overview through 

the most important literature on rural electrification 

proves that RESs are one of the most suitable and 

environmentally friendly solutions to provide 

electricity within rural areas. Small power systems are 

mostly used for providing power to isolated and rural 

areas. Increase in mini-grids has raised parallel with 

price reductions in solar, wind and inverter 

technologies. Depending on the connection of 

power systems to the main grid, small power systems 

can be broadly classified into grid-tied system and 

off-grid power systems. 

 

Off-Grid Systems :Almost all the small power 

systems that are designed and optimized to meet 

The Power demand of remote places are off-grid 

power systems. An off-grid systems does not have a 

connection to the main electricity grid. Standalone 

systems vary widely in size and application from 

Wrist watches or calculators to remote building or 

spacecraft. Autonomous decentralized (off-grid) rural 

Electrification based on the generation of renewable 

power on the site through the installation of stand-

alone power systems in rural households, and the 

set-up of electricity distribution minigrids, fed by RES 

or mixed ones, have been proven for being capable 

of delivering high quality and reliable electricity for 

lighting, communication, water supply and motive 

power, among others. 

 

Off-grid renewable energy technologies satisfy 

energy demand directly and avoid the need for long 

distribution infrastructures. Hybrid systems can 

provide a steady community-level electricity service, 

such as village electrification, offering also the 

possibility to be upgraded through grid connection 

in the future. Using RESs have many advantages over 

conventional sources. Some of the advantages of 

using RESs are gain an immediate access to reliable 

electricity at any time avoid long waits for grid 

extension and permit the connection it comes 

 

• Reduce The Dependency From Oil Price 

Fluctuations 

• Reduce The Transportation Costs Of Fuels 

• Improve Health Care And Reduction In Rural Areas 

• Increase Economic Productivity And Create Local 

Employment Opportunities 

• Fight Climate Change And Poverty 

• Allow For A Better Use Of Local Natural Resources 

 

GRID TIED SYSTEMS A grid connected system is 

connected to a larger independent grid typically the 

public electricity gird12 and feeds energy directly 

into the grid. The feeding of electricity into the grid 

requires the transformation of DC into AC by a 

synchronizing grid-tie inverter (also called grid 

interactive inverter). A hybrid alternative energy 

system can either be stand-alone or grid connected 

if utility grid is available. For a stand-alone 

application, the system needs to have sufficient 

storage capacity to handle the power variations from 

the alternative energy sources involved.  

 

A system of this type can be considered as a micro-

grid, which has its own generation sources and loads. 

For a grid-connected application, the alternative 

energy sources in the micro-grid can supply power 

both to the local loads and the utility grid. In 

addition to real power, these DG sources can also be 

used to give reactive power and voltage support to 

the utility grid. The capacity of the storage device for 

these systems can be smaller if they are grid-

connected since the grid can be used as system 

backup. However, when connected to a utility grid, 

important operation and performance requirements, 

such as voltage, frequency and harmonic regulations, 

are imposed on the system control strategies. 
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WIND TURBINE Wind Power Generation Wind 

power, like most sources of energy on earth, 

originates from the sun. As the earth orbits the sun 

daily, it receives light and heat. Across the earth 

there are areas with different temperatures, so that 

heat transfers from one area to another. These heat 

differences help to create wind: in warmer regions of 

the earth, the air is hot and is therefore at a high 

pressure, compared with the air in colder regions, 

where it is at a low pressure. Wind is the movement 

of the air from high pressure to low pressure. Wind 

turbines have been used for thousands of years for 

milling grain, pumping water, and other mechanical 

power applications. Today, there are over one million 

wind turbines in operation around the world.  

 

Most of them are used for water pumping and for 

generating electricity. Wind energy offers the 

potential to generate substantial amounts of 

electricity without the pollution problems of most 

conventional forms of electricity generation. Wind 

energy has been used for thousands of years for 

milling grains, pumping water and other mechanical 

power applications. But the use of wind energy as an 

electrical supply with free pollution what makes it 

attractive and takes more interest and used on a 

significant scale. Attempts to generate electricity 

from wind energy have been made since the end of 

nineteenth century. Small wind machines for 

charging batteries have been manufactured since the 

1930s.  

 

Wind now is one of the most cost-effective methods 

of electricity generation available in spite of the 

relatively low current cost of fossil fuels. The 

technology is continuously being improved both 

cheaper and more reliable, so it can be expected that 

wind energy will become even more economically 

competitive over the coming decades. 

 

HYBRID SYSTEM Hybrid systems are the ones that 

use more than one energy resources. Integration of 

systems (wind and solar) has more influence in terms 

of electric power production. Such systems are called 

as “hybrid systems”. Hybrid solar-wind applications 

are implemented in the field, where all-year energy is 

to be consumed without any chance for an interrupt. 

It is possible to have any combination of energy 

resources to supply the energy demand in the hybrid 

systems, such as oil, solar and wind. This project is 

similar with solar power panel and wind turbine 

power. Differently, it is only an add-on in the system. 

Photovoltaic solar panels and small wind turbines 

depend on climate and weather conditions. 

Therefore, neither solar nor wind power is sufficient 

alone. A number of renewable energy expert claims 

to have a satisfactory hybrid energy resource if both 

wind and solar power are integrated within a unique 

body. In the summer time, when sun beams are 

strong enough, wind velocity is relatively small. In the 

winter time, when sunny days are relatively shorter, 

wind velocity is high on the contrast. Efficiency of 

these renewable systems show also differences 

through the year. In other words, it is needed to 

support these two systems with each other to sustain 

the continuity of the energy production in the 

system. Depending on the environmental conditions, 

required energy for the system can be supplied 

either separately from the wind or solar systems or 

using these two resources at the same time. Control 

unit decides which source to use for charging the 

battery with respect to condition of the incoming 

energy. Wind turbine first converts the kinetic energy 

to mechanical energy and then converts it to the 

electricity. The wind turbine in the system consists of 

tower, alternator, speed converters (gear box), and 

propeller. and a picture of the constructed hybrid 

system. 

 

II. LITERATURE SURVEY 
 

The integration of a variety of ac loads into the dc 

microgridcauses a potential current sharing  

problem.  In  the  absenceof  an  oscillatory  current  

control  unit,  the  oscillatory  currentsharing  across  

the  DG  units  depends  on  the  value  of  theline  

impedance  among  the  DG  units  and  oscillation  

source.Therefore, the connection distance among the 

microgrid assetsin  terms  of  the  connection  lines  

impedance  and  referencesignals  distribution  has  a  

significant  impact  on  the  currentsharing  among  

the  DG  units.  This  impact  may  force  someDG  

units  to  supply  a  higher  portion  of  oscillatory  

current than the others and consequently results in 

current crowding in some  DG  units. This problem 

drastically deteriorates system capability and 

reliability, especially if the DG unit cannot meet the 

upper limit to provide the total oscillatory current 

demand. Furthermore, the current  oscillatory  

component  introduces pulsations of twice the 

fundamental frequency on the voltage of the dc 

microgrid 
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Hierarchical Control  In hierarchical control, there 

are three control levels of hierarchy: primary, 

secondary and tertiary. This control architecture 

increases the system flexibility enabling integration 

of more distributed power sources. This control 

strategy also works for different operating modes of 

the micro grid: grid connected mode, islanding mode 

and load shedding or generation curtailment mode 

[8]. 4 The primary control level regulates the load 

sharing among distributed power sources based on 

the droop characteristics of the interfacing power 

electronic converters. The secondary control deals 

with voltage fluctuation control and also responsible 

for restoration and synchronization of DC grid with 

other grids. The tertiary control handles the energy 

management [6].  

  

Primary Control In order to regulate the output 

voltage and power sharing among distributed 

generations two methods are used. These are (i) 

passive control method (droop concept) and (ii) 

active load sharing method. In DC micro grid 

applications, droop control is a widely used method 

for effective load sharing among the parallel power 

sources connected to the common bus. In AC micro 

grid, the droop concept is the variation of active and 

reactive power of synchronously rotating AC 

generators 7 with respect to frequency and 

generator terminal voltage respectively [9]. But in 

case of DC micro grid the droop concept means the 

variation of active power with respect to DC voltage. 

The load sharing can be maintained without the 

need of communication system. In DC micro grid, the 

droop characteristics of power electronic converters 

can be expressed as a linear function of voltage and 

current or power and voltage [6]. 

 

Hybrid Control In order to achieve better result, the 

hybrid control structure accommodates the 

advantages of aforementioned techniques for better 

performance. A hybrid control strategy is proposed 

for optimal operation of a stand-alone DC micro grid 

in [25]. As part of the central energy management 

the authors used communication system to observe 

bus voltages, power flow and converter status. In 

case of any failure of communication link, DC bus 

signaling technique is proposed as back up control 

strategy. 

 

Jinsong Kang et.al (2019)with the development of 

renewable energy such as hydrogen energy, 

renewable energy supplies have been an important 

part of DC micro grid. Related control and power 

management has become the focus of current 

research. The Photovoltaic /fuel cell/hybrid energy 

storage DC micro grid in this paper consists of 

Photovoltaic (PV), fuel cells, lithium-ion batteries, and 

super capacitors, along with associated DC/DC and 

DC/AC converters. To guarantee the stability of the 

PV/fuel cell/hybrid energy storage DC micro grid, in 

this paper, a comprehensive control and energy 

management system is proposed. The proposed 

control and power management system stably 

regulate the bus voltage and well balance the power, 

mainly through automatic control of each module's 

voltage and power. Under the control and Power 

management system, when the load changes 

suddenly, the bus voltage remain stable and power 

remain balanced. The simulation is carried out to 

verify the performance of the proposed method. 

 

S Sheik Mohammed et.al (2019)This paper 

concentrates on the design and control of a DC 

micro grid with PV, controlled Energy Storage 

System consists of battery, super capacitor, DC loads, 

Electric Vehicle and Energy Management System 

(EMS). The main objective is to effectively manage 

the load requirements. A simple Adaptive energy 

management control is implemented. The system is 

simulated under different input and load condition in 

MATLAB/Simulink and the results are taken. It is 

observed from the obtained results that the dc 

microgrid with proposed energy management 

control satisfies the requirement under all conditions. 

SrikanthKotra et.al (2015) 

 

This paper proposes a unified energy management 

system (EMS) for a grid interactive hybrid micro grid 

with a hybrid energy storage system (HESS). The 

proposed EMS achieves a continuous and reliable 

power supply to local loads and exports/imports 

power to/from grid. The proposed EMS considers the 

PV power variations, grid availability, electricity 

pricing and variations in local loads. A single phase 

voltage source converter (VSC) transfers real power 

between DC grid and utility grid and provides 

ancillary services such as reactive power support, 

unity power factor and harmonic mitigation at point 

of common coupling (PCC). The EMS also addresses 

extreme operating conditions like load shedding, off-

MPP operation of PV, critical oscillation of HESS 

powers, islanded operation and resynchronization 

with grid. The efficacy of proposed EMS is verified by 

time-domain simulation. 
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PinitWongdetet.al (2018) The one problem in 

standalone micro grid with photovoltaic (PV) and 

wind energy systems is the fluctuation of power 

output. The battery energy storage system (BESS) is 

used to improve reliable operation of micro grid by 

managing the power output. However, the 

intermittent power charge/discharge of BESS is the 

one factor that harmful effect to its lifespan. In recent 

years, the hybrid energy storage system (HESS) with 

BESS and super capacitor (SC) has been proposed for 

increase performance of the system and extend 

BESS's lifespan. The SC has high power density and 

longtime life cycle but low energy density. Presently, 

the SC is developing and may fully use in micro grid 

in the future. This paper studied the HESS topology 

of BESS and SC by considering the ramp rate power 

limitation to control the operation of HESS. The 

results showed the significantly improved for 

extending the lifespan of BESS by smooth of power 

exchanged and increased efficiency in the micro grid. 

The simulation is carried out in MATLAB-Simulink 

program. 

 

Li Jing et.al (2016) Battery and ultra-capacitor 

respectively has the advantages of high energy 

density and high power density. Combining them 

into a hybrid energy storage system (HESS) can meet 

multiple requirements of micro grid. Balanced system 

power and stable DC bus voltage are achieved by 

establishing the power management strategy. A 

HESS control strategy is designed to meet 

charging/discharging demand and reduce battery 

damage caused by frequent charge/discharge 

current. The model of DC microgrid system with 

HESS is built on Matlab/Simulink platform and the 

simulation results verify the feasibility of the control 

strategy. 

 

III. PROPSED WORK 
 

Energy   storage   system   (ESS)   is   generally used 

to manage the intermittency of the renewable 

energy sources (RESs). The proper control strategy is 

needed to effectively maintain the power balance 

between the RESs, load demand, and ESS. The 

conventional control strategy for the hybrid energy 

storage system (HESS) uses the high-/low-pass filter 

method for system net power decomposition and 

the ESS power dispatch. In this paper, a new joint 

control strategy is proposed for photovoltaic-based 

dc grid system, with battery and supercapacitor (SC) 

as a HESS. The new joint control strategy utilizes the 

uncompensated power from the battery system to 

increase the performance of the overall HESS. The 

advantages of the proposed control strategy over 

the conventional control strategy are faster dc-link 

voltage restoration and effective power sharing 

between the battery and the SC. The detailed 

stability analysis of the proposed control strategy is 

also presented In this work, a new design method is 

proposed to ensure sufficient gain margin and phase 

margin at all values of supercapacitor operating 

voltage to achieve stable operation. 

 

The major contributions of this work are: 

 Accurate modeling of DC microgrid with HESS. 

 Sensitivity analysis of DC microgrid with 

supercapacitor voltage variation. 

 Finding the optimal supercapacitor voltage to be 

considered in the design such that the DC microgrid 

is stable at all supercapacitor operating voltages. 

 Designing the DC link voltage controller such that it 

provides sufficient gain margin and phase margin at 

all supercapacitor operating voltages. 

 

  
Fig 1 Proposed Diagram. 

 

IV. CONCLUSIONS 
 

The effect of super capacitor voltage variation on the 

stability of DC micro grid is analyzed with its accurate 

small signal model. An optimal super capacitor 

voltage based DC link voltage controller design 

method is proposed to ensure the sufficient gain 

margin and phase margin at all super capacitor 

voltages. The simulation and experimental results 

confirmed that the proposed design provides higher 

gain and phase margins than that of the 

conventional design. Therefore, the proposed 

controller design achieves superior dynamic 

response over a wide range of super capacitor 

operating voltages. The increased concern about 

fossil fuel based energy usage, the design of 
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electrical power system focuses on increasing the 

utilization of renewable energy  

sources (RESs). Solar photovoltaic (PV) and the wind 

are the two commonly known RESs. PV is preferred 

in terms of sustainability and reliability,  

 

But its generation and stability are easily affected by 

intermittent operating conditions such as change in 

irradiance, temperature, humidity, and partial 

shadings effects. In real-life scenario, both the 

generation of RESs and the load demand are 

intermittent in nature. To solve the above mentioned 

issues, battery energy storage system (BESS) is 

generally used. Among different types of energy 

storage systems (ESSs), the BESS is easiest to 

implement. The BESS has relatively less impact from 

environmental variations. The problem with the BESS 

is low power density and relatively high overall 

system cost to meet the peak load demand. Hybrid 

energy storage sys-tem (HESS) is generally 

implemented to manage such issues.  

 

The advantages of HESS over single ESS are that it 

can effectively utilize the properties of the different 

types of energy storages. The combination of battery 

and supercapacitor (SC) is one of the popular HESS 

configurations. Battery with high energy density is 

used to compensate the slow average power 

demand. However, its lifetime is decreased if 

subjected to frequent transient power fluctuations. 

The SC is used to smoothen the transient power 

fluctuations in the HESS. This combination can 

effectively and efficiently solve the varying power 

fluctuations, with less stress in the battery storage 

system. Thus, the effective control method is 

essential for the optimal operation of the HESS with 

varying load demand  
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