
International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-4, April-2015 

Wind And Solar Power Integration For Microgrid With Low Power Fluctuations Using Super Capacitor 
 

37 

WIND AND SOLAR POWER INTEGRATION FOR MICROGRID 
WITH LOW POWER FLUCTUATIONS USING SUPER CAPACITOR 

 
1RASHMIKA CHINCHAMALATPURE, 2S. S. MAHAJAN 

 
1M.tech III Sem (PEPS), Department of Electrical Engg., 2Asst. Professor, Department of Electrical Engg. 

G. H. Raisoni Institute of Engg. And Technology for Women’s, Nagpur 
E-mail: rashmika2229@gmail.com, sandeep.mahajan@raisoni.net 

 
 
Abstract- Recently renewable energy power generation is gaining importance for domestic applications because of the 
growing power demand and increasing concern about the use of fossil fuels in conventional power plant in future. Microgrid 
provides economically attractive electricity supply to customers with less impact on the environment and installable in small 
localities or on the same building. By observing these advantages an aggregated model has to be proposed for an integration 
of renewable sources such as wind and solar power. The power which can be produced from the renewable sources will be 
synchronized to the ac or to dc consumers through Supercapacitor and BESS (battery energy storage system). In these 
operations, Supercapacitor and BESS are equipped with the system for reducing power fluctuations, improving power 
quality and for maintaining the power balance. Thus, in this paper, a review of the wind and solar power integration for the 
microgrid is given with the Supercapacitor and battery energy storage for the low output fluctuations and the storage of the 
surplus energy for the future use, respectively, are studied. 
 
Keywords- Battery Energy Storage System, Distributed Energy Resources, Micro Grid, Supercapacitor, Wind Energy 
Conversion System. 
 
I. INTRODUCTION 
 
An electrical system that includes multiple loads and 
distributed energy resources that can be operated in 
parallel with in the border utility grid is called micro 
grid. Many countries generate electricity in large 
centralized facilities; these plants have excellent 
economies of scale, but usually transmit electricity 
long distances and can negatively affect the 
environment. Distributed generation allows collection 
of energy from many sources and may give lower 
environmental impacts and improved security of 
supply. Distributed generation reduces the amount of 
energy lost in transmitting electricity because the 
electricity is generated very near where it is used, 
perhaps even in the same building. This also reduces 
the size and number of power lines that must be 
constructed. Micro grid generation resources can 
include fuel cells, wind, solar, or other energy 
sources. In recent years, electricity generation by 
photovoltaic (PV) or wind power (WP) has received 
considerable attention worldwide. The combination 
of wind and solar energy leads to reduced local 
storage requirements. The combination of battery 
energy storage system and super capacitor 
technologies in turn can form multilevel energy 
storage. The battery energy storage system employs 
for balancing the supply and demand where as super 
capacitor provides cache control to compensate for 
fast power fluctuations and smoothen the transients 
encountered by a battery with higher energy capacity. 
Micro grids or hybrid energy systems have been 
shown to be an effective structure for local 
interconnection of distributed renewable generation, 
loads and storage. With the ongoing and increasing 
demand for improved reliability and energy 
efficiency across all commercial buildings, a 

tremendous opportunity exists to capitalize on the 
benefits of DC micro grids.  
 
II. OVERVIEW OF DC MICROGRID 

 

 
Fig:1 Outline diagram of the dc micro grid 

 
The schematic of the dc microgrid with the 
arrangement of renewable sources, multilevel energy 
storage comprising BESS and supercapacitor and 
applications such as fast charging, smart charging and 
grid interface are shown in figure 1. Solar power will 
be produced from pv panels and these power will be 
fed to the dc bus through dc-dc converter. Through 
wind energy conversions systems, wind power can be 
produced in ac and it is can be converted into dc 
through ac –dc converter. Rather dc is fed to the dc 
bus. Multilevel energy storage consisting the battery 
energy storage system for maintaining the supply in 
balance condition and it will satisfy the demand, 
whereas Supercapacitor compensating for fast 
fluctuations of power and so provides cache control. 
In building integration, a vertical axis wind turbine 
may be installed on the rooftop. PV panels can be co-
located on the rooftop and the facade of the building. 
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Such or similar configurations benefit from a local 
availability of abundant wind and solar energy. 
 
A. Microgrid 
Microgrid is a small-scale grid that is designed to 
provide power for local communities. A Microgrid is 
a combination of multiple distributed generators 
(DGs) such as renewable energy sources, 
conventional generators, in association with energy 
storage units which work together as a power supply 
network. The main components of a microgrid are 
Distributed generation sources such as photovoltaic 
panels, small wind turbines, fuel cells, diesel and gas 
micro-turbines etc; Distributed energy storage devices 
such as batteries, super capacitors, flywheels etc.; 
Critical and non-critical loads; Energy storage devices 
are employed to compensate for the power shortage or 
surplus within the microgrid. 
 

 
Fig.2. Microgrid [4] 

 
The transient power shortage in a microgrid can be 
compensated for by fast energy storage devices in the 
microgrid. Small scale distributed generation is 
interconnected to the medium or low voltage 
distribution systems such as residential building, 
commercial building, is a market or even a village. 
DC microgrid is an efficient method to combine a 
system of high reliability and the possibility to reduce 
the losses in the system. It can eliminate DC/AC or 
AC/DC power conversion stage and thus has 
advantages in the stand of efficiency, cost and system 
size. DC micro-grid is suitable for home loads which 
are mainly of DC loads.  
 
This method eliminates the ac/dc interface. A DC 
microgrid within a building (or serving several 
buildings) can minimize or eliminates entirely these 
conversion losses. Roof top photovoltaic (PV) and 
other distributed DC generation can be fed directly to 
DC equipment, via the DC micro-grid, without the 
double conversion loss (DC to AC to DC), which 
would be required if the DC generation output was 
fed into an AC system. DC microgrids can optimize 
the use of electronic devices, electrical storage, and 
distributed generation. DC microgrids can create 
power systems that are more efficient and more 
compatible with the fastest growing segment of the 
load today. 

In the proposed system, the solar and wind energy is 
used as the distributed generation system. The 
integrated power is smoothed with Supercapacitor and 
the energy is stored in the battery energy storage 
system which is available for DC and AC customers.  
 
B. The Solar PV System 
Solar PV generation involves the generation of 
electricity from solar energy. With the more 
improvement in inverter technologies, PV generation 
is now preferred worldwide as Distributed Energy 
Resources (DERs). The major advantages of a PV 
system are:  
 
(a) The sustainable nature of solar energy 
(b) Positive environmental impact 
(c) Longer life time and noiseless operation. 
The most commonly used model for a PV cell is the 
one-diode equivalent circuit as shown in Fig. 3. Since 
the shunt resistance Rsh is large, it can be neglected. 
The five parameters model shown in Fig.3(a) and 
simplified four parameters model shown in Fig. 3(b). 
 

 
Fig.3. One-diode equivalent circuit model for PV cell. 

(a) five parameters model; (b) simplified four parameters 
model. 

 
This simplified equivalent circuit model is represented 
by the following expressions: 

                           
 

 
 
Where Iph is the light current, Ipv is the load current 
and I0 is the saturation current. The Vpv is the output 
voltage, Rs is the series resistance, the Vt is the 
thermal voltage, G is the irradiation, Tc is the cell 
temperature and λI is the temperature coefficient. The 
main PV parameters are Vmp, Imp, Voc, Isc, Pmax.  Solar 
PV generation system is a distributed power 
generation and supply system, consisting of PV 
battery array, PV converter, system controller, storage 
and local loads. Its rated output power is calculated 
under the standard condition of illumination intensity 
1000w/m2 and temperature 25◦C, and its real output 
power is influenced by many factors. The PV 
generation system is a good choice to supply 
autonomously, special suitable for the work loads not 
request high quality power and the remote area with 
high cost of power. 
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C. The wind turbine 
In wind energy conversion systems (WECSs), it 
includes wind turbine technology, power electronics 
technology, and system control technology. The wind 
turbines can also be classified as fixed-speed wind 
turbines and variable-speed wind turbines based on 
whether the operation speed is controllable. 
Nowadays, most of the wind turbines applied in 
industry is variable-speed wind turbines. The types 
most widely applied in industry: (1) doubly-fed 
induction generator (DFIG) WECSs with reduced-
capacity power converters, (2) geared/gearless 
squirrel-cage induction generator (SCIG) WECSs 
with full-capacity power converters, and (3) 
geared/gearless wound-rotor synchronous generator 
(WRSG)/permanent magnet synchronous generator 
(PMSG) WECSs with full-capacity power converters.  
The DFIG WECSs only has 30% of the rated power 
processed by the power converters, which greatly 
reduces the cost of the converters while preserving the 
capability to control the speed of the generator in the 
range of about +- 30% of its rated speed. As majority 
of the global installed wind turbines are of Doubly-
Fed Induction Generator (DFIG) type, a DFIG has 
been used here as renewable DG. Fig. 4 [7] shows the 
block diagram of its construction.  

 
Fig. 4. Wind Turbines and the Doubly Fed Induction Generator 

System 
 
The principle of the DFIG is that rotor windings are 
connected to the grid via AC/DC/AC converter. This 
is divided into two components: the rotor-side 
converter (Crotor) and the grid-side converter (Cgrid). 
Crotor and Cgrid are Voltage-Source Converters that use 
forced-commutated power electronic devices such as 
IGBT.  
 
The power from the wind turbine is converted into 
electrical power by an induction generator and then it 
is converted to DC using Crotor and if required 
transmitted to grid by stator and the rotor windings. 
The control system generates the pitch angle 
command and the voltage command signals Vr and 
Vgc for Crotor and Cgrid respectively in order to 
control the power of the wind turbine, the DC bus 
voltage and the voltage at the grid terminals. 

D. Smoothing control unit 
The Supercapacitor will be used as a smoothing 
control unit to reduce the power fluctuations from the 
integrated power from wind and solar energy. 
Supercapacitor (SC) Compared with battery-super 
capacitor has the virtues of high-power density, high 
charge / discharge efficiency and long cycle life. It is 
widely used in power distribution system and in utility 
electronic apparatus. Because of the low voltage of 
the single cell, Super capacitors are often connected in 
series to form super capacitor module with specific 
voltage and capacitance rating in many applications.  
The basic design of a Supercapacitor includes two 
electrodes/ current collectors, electrolyte and a 
separator is shown in figure 5[8]. The electrodes are 
made of a high surface area material and the separator 
is porous to allow ions to flows freely between the 
electrodes. The interphasial region is the area where 
the ions collect along the surface of the electrodes. 

 

 
Fig. 5 Individual Ultracapacitor Cell 

 
Capacitor stores energy in the electric field. In a 
simple conventional parallel plate capacitor, the 
charge is given by q = CV, where q is charge in 
Coulombs, C is the capacitance in Farad and V is the 
voltage across the parallel plates in Volts. Also the 
capacitance 

 
Where ‘A’ is the area of the parallel plates in (meter)3 
, εr is the dielectric constant and ε0 is the permittivity 
of free space and ‘D’ is the distance between the 
parallel plates in meter. The stored energy E in the 
electric field of a capacitor is given by equation. 

 
 

From these above two equations, it can be seen that 
by increasing the area of the parallel plates and 
decreasing the distance D between the plates results in 
a much greater capacitance hence the stored energy. 
For higher stored energy, the voltage between the 
plates must also be increased and this has a bigger 
effect, since the energy is proportional to the square of 
the voltage. SCs have an extremely fast discharge and 
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charging response. The storage of SC's capacity is 
subject to the following constraints: 

Esc min ≤ Esc (t) ≤ Esc max; 
 
Where Esc max and Esc min are the maximum and 
minimum allowable storage capacities of SC. Esc min 
is determined according to the following equation: 

 
Esc min = SOCsc * Esc max; 

 
Where SOCsc = 0.25 is the minimum allowable state-
of-charge level of the SC. SCs have high reliability, 
require no periodic maintenance, and have an 
expected life of 10 years.  
 
E. Battery energy storage system 
The battery energy storage system is used to store the 
energy from the distributed generation system so that 
it can be available for real time and future use. It also 
caters the need of supply and demand balance. The 
most commonly used batteries are Lead acid batteries. 
Lead-acid battery storage has advantages like low-
cost, good technique and higher energy capacity (MW 
level), etc. These are mainly applied to the backup 
capacity and frequency control of power system and 
uninterruptible power supply (UPS) function.  

 
However, it has disadvantages like low storage energy 
density, less time of charge-discharge and a certain 
amount of pollution produced during production. 
When there is adequate sun light and favourable wind, 
the system not only supplies the local loads but also 
transport the surplus energy to the storage system or 
the grid. And in a case of successive cloudy day and 
no wind weather, the field generation power lacks not 
to guarantee the normal operation of the loads, at that 
moment, the power storage system will release 
energy. One of the important concept in battery 
selection is that the amp-hour rating of a battery is 
discharge-rate specific. The greater the discharge rate, 
the less energy can be withdrawn from a specific 
battery.  
 
III. OPERATIONAL OVERVIEW 

 
In the proposed system, the wind and solar energy 
will be used as distributed generation sources for the 
Microgrid. The power generated from this should 
smooth using the smoothing control unit which 
contains Supercapacitor for reducing the power 
fluctuations.  
 
This smoothed power after converting into required 
level should be given to the Battery energy storage 
system to meet the supply and demand of the loads. 
From the battery energy storage system, the power 
will be making available to the DC and AC 
consumers for use. In this way, it will increase the 
efficiency of the system with reduction in the various 
losses. 

IV. EXPECTED OUTCOME 
 
Expected output of the proposed system must have 
been more smoothed output with Low power 
fluctuation. Also, the efficiency will be increased and 
losses will be decreased. This will be obtained with 
smoothing control unit using Supercapacitor. In 
future, the improvement in efficient wind and solar 
power integration along with the lengthening the 
battery life of battery energy storage system using 
Supercapacitor is expected. 
 
CONCLUSION 
 
This paper gives an overview of renewable energy 
power generation, microgrid which integrates 
distributed generation and energy storage system for 
meeting the power demand and increasing the system 
reliability, stability, and efficiency of the system. The 
combination of wind and solar energy resources on a 
rooftop were used as Microgrid. It forms one of the 
potential solutions to the issues related to electricity 
and transportation sectors. A microgrid is an effective 
structure for local interconnection of distributed 
renewable generation, loads, and storage.  But the 
issue of power fluctuations in PV and wind power 
generation arises.  
 
Thus to overcome this, a method of smoothing power 
fluctuations in renewable power generation systems 
using Super capacitor have been proposed. In the 
proposed system, a dynamic modeling of a DC Micro 
grid which has a Solar and Wind as a Distributed 
Energy Sources is given. The both solar and wind 
changes according to the load requirement and also 
the availability. An Energy Storage Element such as 
Battery is also integrated with the DC bus so that it 
can store energy when present in excess for future 
use.  
 
A smoothing control method using Supercapacitor for 
reducing wind/PV hybrid output power fluctuations 
and regulating battery under the typical conditions is 
proposed.   
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