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ABSTRACT—Natural energy sources such as solar energy,windenergy,tidal energy have come handy 

in electrical power generation,as fossil fuel are limited and pollutes environment as well. 

This paper is about how power quality can be improved along with the use of renewable energy 

source utilization. 

An inverter is being used as a shunt active power filter as well as power converter.The inverter is 

used as a multi functional device which improves current unbalance,reduces harmonics and on the 

other hand converts injected power from the gridinto usable form. 

The control strategy of the inverter to perform various functions  isshown.With such acontrol,the 

combination of grid interfacing inverter and the 3-phase 3-wire non –linear unbalanced load at point 

of common coupling appears as balanced linear load to the grid. MATLAB/Simulink tool is used for 

validation. 

 

Index Terms—Active power filter (APF), distributed generation,(DG), distribution system, grid 

interconnection, power quality(PQ), renewable energy. 
 

                          1. INTRODUCTION 

ELECTRIC utilities as well end users are growing alarmingly,either it be industries or day to day 

users.It is now a matter of concern that the generation is way less than the consumption.Goverments 

of various countries are opting to na alternative to fossil fuel which in turn will check the pollution. 

One such alternative is renewable energy source which is pollution free.Therefore,these sources can 

be seen as a future energy solution. 

 

Since the past decade, there has been an enormous interest in many countries on renewable energy 

for power generation. The market liberalization and government’s incentives have further accelerated 

the renewable energy sector growth. Renewable energy source (RES) integrated at distribution level 

is termed as distributed generation (DG).The DG systems are required to comply with the technical 

aspects of safe and reliable operation. 

 

The extensive use of power electronic devices and non linear loads generate harmonic currents which 

deteriorate the power quality.The non-linear current harmonics resulys in voltage harmonics and thus 

leads to problems in [power system network. 

To counteract such problems,filters are used which increases complexity and cost.The grid 

interfacing inverter is controlled in such a manner that it can be used as  a multifunctional device. In 

this paper,inverter will be used to perform various operations like 1) power conversion;2)current 

harmonics reduction;3)load reactive demand support.   

Thus various power quality issues can be counteracted without increasing the hardware cost.The 

paper is arranged as follows: Section 2 describes the system under consideration and the controller 
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for grid interfacing inverter.A simulation study is presented in section 3.Experimental results are 

discussed in section 4 and section 5 concludes the paper. 

             2. SYSTEM DISCRIPTION 

 

  The system consist of a grid,voltage source inverter,dclink,renewable energy source.In this paper 

wind energy is used as a renewable energy source.The voltage source inverter is the key element of a 

DG system as interfaces the renewable energy source to the grid and delivers the generated 

power.The dc-capacitor decouples renewable energy source from the grid and also allows 

independent control of converters on either side of dc-link. 

 

A. DC-Link Voltage and Power Control Operation 

 

  Due to the intermittent nature of RES, the generated power is of variable nature. The dc-link plays 

an important role in transferring this variable power from renewable energy source to the grid. RES 

are represented as current sources connected to the 

dc-link of a grid-interfacing inverter. 

. 

B. Control of Grid Interfacing Inverter 

 

  The control diagram of grid- interfacing inverter for a 3-phase 3-wire system is shown in Fig. 1. 

While performing the power management operation,the inverter is actively controlled in such a way 

that italways draws/ supplies fundamental active power from/ to the grid. If the load connected to the 

PCC is non-linear or unbalanced or the combination of both, the given control approach also 

compensates the harmonics, unbalance, and neutral current.The duty ratio of inverter switches are 

varied in a power cycle such that the combination of load and inverter injected power 

 
 

Fig. 1. Block diagram representation of grid-interfacing inverter control. 

 

appears as balanced resistive load to the grid. The regulation of dc-link voltage carries the 

information regarding the exchange of active power in between renewable source and grid. Thus the 

output of dc-link voltage regulator results in an active current.The actual dc-link voltage is sensed 

and passed through first order low pass filter to eliminate the ripples.The active current component is 

then multiplied with the unity vector template and after multiplication gives reference grid currents. 
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The instantaneous values of reference 3 phase grid currents are computed as: 

 

 
 

 These reference grid currents are compared with actual grid currents to compute the error as: 

 

 
These currents are given to the hysteresis current controller which generates six switching pulses. 

 

               3. SIMULATION RESULTS 

In order to verify the proposed control approach to achieve multi-objectives for grid interfaced DG 

systems connected to a 3-phase 3-wire network, an extensive simulation study is carried out using 

MATLAB/Simulink. A 3-leg current controlled voltage source inverter is actively controlled to 

achieve balanced sinusoidal grid currents at unity power factor (UPF) despite of highly unbalanced 

nonlinear load at PCC under varying renewable generating conditions. A RES with variable output 

power is connected on the dc-link of grid-interfacing inverter. An unbalanced 3-phase 3-wire 

nonlinear load, whose unbalance, harmonics, and reactive power need to be compensated, is 

connected on PCC. The waveforms of  the grid current before filtering and after filtering is given 

below: 
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Fig 2. Simulation results: (a)  Grid Currents (b) Unbalanced 

load currents, (c) Inverter Currents. 

 

It  clearly indicates the source current from 0 to 0.1 sec represents the unbalance and non sinusoidal 

nature due to the presence of unbalance nonlinear load. At 0.1 seconds the nature of waveform is 

sinusoidal this represents the inverter compensated the both unbalance and non sinusoidal wave to 

balanced sinusoidal wave. 
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