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Abstract
Now a days with the large growth of industrialization the demand for power is increasing. The environmental 

pollution, global heat etc, have made us to think for alternative source of energy called renewable energy source. 
These include solar, wind, hydro-power which is replacing the fossil fuels like thermal, nuclear etc which have very 
harmful effects with the release of CO2, SO2 and other harmful wastes, toxic gases which effect the environment very 
badly. These renewable energy source, solar is the powerful energy we receive from sun with free of cost without 
making any harm for environment. Along with this, wind energy also contributes for solving the power problem. These 
two sources are integrated with the grid. The Power quality plays a major role, where intelligent converters play 
a major role in the integration of wind and solar energy with the grid. Along with converters application of Flexible 
Ac Transmission Systems (FACTS) into the grid also helps in reducing power quality issues. In this paper we have 
discussed some of the hybrid techniques to be interfaced with the grid so that the power quality issues can be reduced.
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Introduction
In these three decades, the growth of wind energy systems has 

tremendously increased world-wide. As per the available data in the 
year 2021, the generation and installed capacity of the wind power 
in India is 38.78 GW. India is the fourth largest installed wind power 
capacity in the world. The total wind energy generated is 180GW. The 
on shore wind power generation capacity is 86.9GW and offshore is of 
6.1GW. These wind energy systems are clean, promising and reliable 
renewable energy source. The risk of disasters or pollution is avoided 
in when compared with or domestic purpose Nuclear power or with 
fossil fuels. The abundant energy which is available is being used by 
integrating to grid system. During this process the issues faced by 
consumer, generation system, distribution substation and researchers 
are power quality. In solar power generation system, voltage source 
inverter controller is used which generates reference current and a 
capacitor is suitably designed so that the power to the grid can be given 
without any power loss. Reactive power compensation and harmonic 
pollution can also be achieved by connecting a capacitor. The major 
power quality problems that are faced are (i) Voltage sag or swell 

(ii) Unbalanced or flickering voltage

 (iii) Harmonics in current when load is connected 

(iv)Unbalanced neutral current 

(v) Transients and interruptions. 

Wind Energy Conversion Systems (WECS)

Wind possesses energy by the virtue of its motion. Any device 
capable of slowing down the mass of moving air like a sail or propeller 
can extract part of energy and convert it into useful work. Wind energy 
is one of the effective and proven type of renewable energy where the 
usage is of 63GW in Mexico and reaches 433GW in total capacity 
of world wide. This energy is utilized in agriculture field to pump 
water and also for domestic purpose [1]. WECS is a complex electro-
mechanical energy conversion system consists of many sub systems and 
components. Wind turbine is the most crucial part which uses power 
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in wind for conversion. Turbines used for wind generation are divided 
into two types.

(i) Vertical Axis type model

(ii) Horizontal Axis type model.

Because of greater efficiency Horizontal Axis type model is 
commonly used, its  components are like generator, rotor hub and 
blade, gear box and tower. In the earlier days they were using squirrel 
cage Induction generator for connecting to electrical network directly. 
There were many disadvantages like low efficiency, low power factor, 
poor power quality. This is overcome by using doubly fed Induction 
generator because of its higher efficiency, reduction in mechanical 
loads, simple system of pitch control and greater control of active and 
reactive power.

Since these winds are unpredictable still there are so many 
challenges like fluctuation of voltage generated, efficient coupling with 
electrical network. A clear harmonic analysis of WECS is required 
to overcome degradation of power quality, reduction of generator 
efficiency, malfunction of sensitive equipment, voltage or current 
signals occurring in electrical systems. WECS is as shown in figure1.

Solar PV Systems

Globalization and industrialization is escalating step by step, the 
energy requirement for human is increasing gradually. The solar energy 
is the non-conventional energy, which is obtained and maintaining 
them at a constant growth rate is the vital task. The leading topology 
of PV grid is the Inverter topology. As the crossing point devices across 
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solar cells and the grid, inverter plays a crucial role in developing and 
consuming the new energy schemes, disturbing the financial side and 
consistency of the photovoltaic (PV) grid generation system openly [1].

The block diagram of proposed system Grid is as shown in figure 
2. The solar PV system is a kind of electrical inverter that alters direct 
current from PV module into alternating current. When the PV system 
is associated to the grid, it can transmit the extra energy to the grid after 
satisfying the limited demand. But when the demand is more than the 
generation, extra energy is obtained from the grid. Thus, PV energy 
acts as another source of electricity [2]. The PV system, considered, 
aims to relocate electrical power from PV panel to the grid. Firstly, DC-
DC Converter is used to boosts PV voltage to a higher level than the 
peak of grid voltage [3]. Power converters are used for interfacing the 
renewable energy system to power system. When the power converters 
are utilized, they introduce harmonics in the system. Conversely, the 
increased use of sensitive electronic circuits in the industries and 
household jointly with privatization and rivalry in electric energy.

PV Generation

The demand for solar energy is increasing day by day. The 
improvement in the field of solar energy is leading to the cheaper 
rate of PV cells and the prices are decreasing day by day.  But solar 
energy installation cost is higher among the other available sources. The 
government is encouraging the customers by providing some incentives 
in order to encourage the usage of solar power. Primary installation 
cost is little bit costlier. The efficacy and rate are key factors on the PV 
system. The effectiveness of the PV circuit is moderately high and the 
unit rate is cheap due to its high-power capacity [3]. 

The enormous use of electrolytic condensers can reduce the life 
span. There are a variety of PV panels available. The module integrated 
inverter is implemented on the rear of the PV array casing should 
maintain insensitive under excess temperature circumstances. The 

duration of electrolytic condensers, which has shorter length than 
other apparatus and deeply depends upon operational temperature, 
becomes the key barrier to expand the life span of PV unit production. 
A dc PV generation crossing point is in view of proposed AC module. 
Considering the significance of the ac module theory, dc interfaced 
PV production systems are cheap and has higher effectiveness because 
of less transformation stages from source to stack. The consistency 
points are transmitted by uprooting the shorter lifespan of electrolytic 
condensers in the PV circuit. Therefore, PV cell can be modelled as a 
current source which generate current. The current flows in the reverse 
path and which is caused by a voltage between the terminals [4].

Application of FACTS Controllers

The FACTS controllers supply voltage support at critical buses in 
the system (with shunt connected controllers) and regulate power flow 
in critical lines (with series connected controllers). Both voltage and 
power flow are controlled by the combined series and shunt controller 
(UPFC) The power electronic control is quite fast and this enables 
regulation both under steady state and dynamic conditions [5].

The benefits due to FACTS controllers are listed below. 

1. Improves voltage Profile and reduces power loss. 

2. The ability of power carrying capacity of lines can be improved by 
having fast controllability and also by improving the operation margins.

3. Improves dynamic security of the system, by increasing transient 
stability limit and by reducing the blackouts caused by cascading 
outages [6].

4. The small signal stability region can be improved by providing 
auxiliary stabilizing controllers to damp low frequency oscillations. 

5. FACTS controllers such as TCSC can counter the problem of Sub 
Synchronous Resonance (SSR) experienced with fixed series capacitors 
connected in lines evacuating power from thermal power stations [7]. 

6. The problem of voltage fluctuations, dynamic over voltages can 
be overcome by using FACTS controllers.

 Power Quality Issues

In modern years, there has been a better importance and unease 
for the quality of power delivered to factories, business organizations 
and habitations. This is due to the increasing convention of harmonics 
creating due to nonlinear loads such as ASD, switched sort power 
supplies, arc furnaces, electronic fluorescent lamp ballasts etc. Power 
quality can be defined, as the revision of driving and establishing 
electronic frameworks so as to keep up the veracity of the power 
supplied to the system. IEEE criterion 1159 defines power quality to 
the model of powering and grounding perceptive equipment in an 
approach that is appropriate for the operation of that apparatus [8-12].

The power quality is meant to express the quality of voltage and 
quality of current. Also it can be defined as the measure, analysis and 
improvement of bus voltage to maintain a sinusoidal waveform at rated 
voltage and frequency. Superior power quality, however, is not easy to 
define because it is the superior power to a refrigerator motor, which 
may not be good for some current delicate equipment like computers 
and other sensitive loads [13-18]. Harmonic trouble come commonly 
from apparatus with a non-linear voltage/current features. As time goes 
on, additional and greater gear is being utilized that makes sounds in 
power frameworks. Computers, communication apparatus, and other 
power systems are vulnerable to miss operation due to the effects of 
harmonics. Because of the influence of these harmonics, the electric 

Figure 1: WECS, doubly fed induction generator connected to the electrical 
network.

Figure 2: Block diagram of Photovoltaic system.
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motors have major effect in the centre and copper windings. This can 
cause winding heating, torque fluctuation, and failure of efficiency in 
the motors [19-23].

Possible Solutions

The renewable energy sources such as solar, wind etc. has accelerated 
the transition towards greener energy sources. The increasing number 
of renewable energy sources and distributed generators requires new 
strategies for the operation and management of the electricity grid in 
order to maintain or even to improve the power-supply reliability and 
quality. Keeping in view of the aforesaid some of the possible solutions 
have been proposed such as installation of solar & wind hybrid system 
[24-26].

Installation of Solar & Wind Hybrid System

The Solar mill generates

(i)  Energy from the sun and wind day time.

(ii) Energy from the wind day & night. 

(iii) Energy even on cloudy days. 

(iv) On hot sunny days more energy will be generated due to 
cooling effect on solar panels by wind. 

(v) Standing at about 1 meter height, Solar Mill meets building code 
requirements. 

(vi) Three Vertical-Axis Wind Turbines coupled to 3 permanent 
magnet generators.

(vii) On Board “Smart” Electronics include dynamic Maximum 
Power Point Tracking (MPPT) and connectivity (Figure 3).

Solar Mill Assembly

(i) Three Vertical Axis Turbines are mounted on a single base.

(ii) Cut-in wind speed- 2 m/s & Cut-out wind speed-18 m/s. 

(iii) Turbines (Savonius) produce energy by accepting winds 
coming from any direction. 

(iv) Designed for both On-Grid and Off-Grid applications (Figure 
4 and 5).

Conclusion
In this paper, grid integration of Wind and Solar PV System, power 

quality issues and their possible solutions is discussed. The causes, 
affects, mitigation technologies featuring their topologies, highlighting 
the advantages of the grid integrated hybrid solar and wind power 
systems are being considered.

To minimize the fluctuations and intermittent problems power 

electronics devices are the feasible options. Further, energy storage 
and use of damp load and MPPT could be used for reducing the power 
fluctuations in PV systems. The up gradation in balance of systems by 
incorporating the new materials and storage elements could reduce the 
problems associated with grid integration. The cost-effective solutions 
of custom power devices and FACTS devices are highlighted to give 
an insight to the scope of research in low and medium level voltage 
networks.
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