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ABSTRACT 

 This  paper  presents  a  control  strategy  for  achieving maximum  benefits  from  the 

grid-interfacing  inverters,  for  the  power quality  problems that  occurs  due  to power  

electronic devices when installed  in  3-phase  4-wire  distribution  systems. A  Power  quality 

problem  is  an  occurrence  manifested  as  a  un-standard  voltage, current or  frequency  that  

results  in  a  failure  or  a  misoperation  of end  user  equipment’s. These  power  converters  

behave  as  non-linear loads  to  ac  mains  and  inject  harmonics  and  result  in  lower  

power-factor and Voltage dips, power losses increases, then efficiency of the power  system  

decreases.  It  is  nothing  but  power  quality  problems occur  at  our  micro  grids. This  

paper  presents  a  three-phase  Active Power  Conditioner  to  improve  power  quality  in   

grids  based  on renewable energy. The Active Power Conditioner (APC) presented in this 

paper acts as an interface between renewable energy sources and the AC bus of the grid and 

uses an improved control strategy, which makes  possible  to  inject  energy  in  the  micro-

grid,  compensate  the current  harmonics  and  correct  the  power  factor. The APC is 

simulated using MATLAB/SIMULINK in power system block set. Finally  the  proposed  

scheme  is  applied  for  both  balanced  and unbalanced nonlinear loads. 
 

KEYWORDS: Active Power Conditioner, Dc-link Controller, Power Quality, Unit Vector 

Control Theory 
 

1 INTRODUCTION 

Electric utilities and end users of electric power are becoming increasingly concerned 

about meeting the growing energy demand. Seventy five percent of total global energy 

demand is supplied by the burning of fossil fuels. But increasing air pollution, global 

warming concerns, diminishing fossil fuels and their increasing cost have made it necessary 

to look towards renewable sources as a future energy solution. Since the past decade, there 

has been an enormous interest in many countries on renewable energy for power generation. 
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The market liberalization and government’s incentives have further accelerated the renewable 

energy sector growth. 

Distributed Generation also reduces the size and number of power lines that must be 

constructed. Basically, these technologies are based on notably advanced Power Electronics 

because all DES require Power Converters, interconnection techniques, and electronic control 

units. That is, all power generated by DES is generated as DC Power, and then all the power 

fed to the DC distribution bus is again converted into an AC power with fixed magnitude and 

frequency by control units using Digital Signal Processor (DSP). So improved power 

electronic technologies that permit grid interconnection of asynchronous generation sources 

are definitely required to support distributed generation resources. Moreover, DES can offer 

improved service reliability, better economics and a reduced dependence on the local utility. 

Distributed Generation Systems have mainly been used as a standby power source for 

critical businesses. For example, most hospitals and office buildings had stand-by diesel 

generation as an emergency power source for use only during outages. The utility is 

concerned due to the high penetration level of intermittent RES in distribution systems as it 

may pose a threat to network in terms of stability, voltage regulation and power-quality (PQ) 

issues. Therefore, the DG systems are required to comply with strict technical and regulatory 

frameworks to ensure safe, reliable and efficient operation of overall network.  

The main idea is the maximum utilization of inverter rating which is most of the time 

underutilized due to intermittent nature of RES. It is shown in this project that the grid-

interfacing inverter can effectively be utilized to perform following important functions: 1) 

transfer of active power harvested from the renewable resources (wind, solar, etc.); 2) load 

reactive power demand support; 3) current harmonics compensation at PCC; and 4) current 

unbalance and neutral current compensation in case of 3-phase 4-wire system. Moreover, 

with adequate control of grid-interfacing inverter, all the four objectives can be accomplished 

either individually or simultaneously. 

With the advancement in power electronics and digital control technology, the DG 

systems can now be actively controlled to enhance the system operation with improved PQ at 

PCC. However, the extensive use of power electronics based equipment and non-linear loads 

at PCC generate harmonic currents, which may deteriorate the quality of power. 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, Volume 1, Issue 9, October 2013 

 

352 
www.jiarm.com 

 
Fig.1. Schematic of proposed renewable based distributed generation system 

 

2. PROPOSED SYSTEM DESCRIPTION 

 The proposed system consists of RES connected to the dc-link of a grid-interfacing 

inverter as shown in Fig.1. The voltage source inverter is a key element of a DG system as it 

interfaces the renewable energy source to the grid and delivers the generated power.  

The RES may be a DC source or an AC source with rectifier coupled to dc-link. 

Usually, the fuel cell and photovoltaic energy sources generate power at variable low dc 

voltage, while the variable speed wind turbines generate power at variable ac voltage. Thus, 

the power generated from these renewable sources needs power conditioning (i.e., dc/dc or 

ac/dc) before connecting on dc-link. The dc-capacitor decouples the RES from grid and also 

allows independent control of converters on either side of dc-link. The output voltage of the 

generator is fed to a DC/AC converter that converts a DC output of the generator to be fixed 

voltage and frequency for utility mains or loads.  

 According to IEEE standards, “The PCC is a part of the electrical system where 

multiple customers or multiple electrical loads may be connected. This should be a point 

which is accessible at both the utility and the customer for direct measurement.” For 

industrial and commercial end-users PCC is usually at primary side. In general, PCC is a 

point where multiple customers can be served. 

The grid interfacing inverter is to improve the quality of power at PCC for a 3-phase 

4-wire DG system. The grid-interfacing inverter can be effectively utilized for power 

conditioning without affecting its normal operation of real power transfer. The grid-

interfacing inverter with the proposed approach can be utilized to: 

i) Inject real power generated from RES to the grid, and/or, 

ii) Operate as a shunt Active Power Filter (APF). 

The Increasing usage of non-linear load in electrical power system which will produce the 

current and voltage harmonics and associate harmonics problem in power system become 
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more serious and directly affecting the power quality. Conventional way of harmonics 

elimination by active filter can be implemented for harmonic mitigation to meet the IEEE 

standard requirements. 

 

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. 

 
 

Fig. 2. DC-Link equivalent diagram. 

Fig.2 shows the systematic representation of power transfer from the renewable 

energy resources to the grid via the dc-link. The current injected by renewable into dc-link at 

voltage level Vdc can be given as 

         
dc

RES
dc V

PI 1        ….…………….  (1)          

Where PRES is the power generated from RES. 

The current flow on the other side of dc-link can be represented as, 

dc

LossG

dc

inv
dc V

PP
V
PI 

2    ……….  (2) 

Where  Pinv , PG and PLOSS are total power available at grid-interfacing inverter side, active 

power supplied to the grid and inverter losses, respectively. If inverter losses are negligible 

then    PRES = PG. 

3. ACTIVE POWER CONDITIONER 

 
Fig. 4.Working principal of active power conditioner 
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A power conditioner (also known as a line conditioner or power line conditioner) is a 

device intended to improve the quality of the power that is delivered to electrical load 

equipment. While there is no official definition of a power conditioner, the term most often 

refers to a device that acts in one or more ways to deliver a voltage of the proper level and 

characteristics to enable load equipment to function properly. In some uses, power 

conditioner refers to a voltage regulator with at least one other function to improve power 

quality (e.g. power factor correction, noise suppression, transient impulse protection, etc.). 

The terms "power conditioning" and "power conditioner" can be misleading, as the 

word "power" here refers to the electricity generally rather than the more technical electric power. 

Conditioners specifically work to smooth the sinusoidal A.C. wave form and maintain 

a constant voltage over varying loads. 

The fundamental frequency component is removed from the measured current signal. 

The remaining waveform is then inverted and the controller reference signal drives the IGBT 

bridge of the active filter. In the frequency domain approach each harmonic and its 

corresponding system characteristics are treated individually and performance can be 

optimized for the harmonic components in the filtering bandwidth. As a result the same 

(high) filtering performance can be maintained through the entire Filtering bandwidth.  

4.  MATAB/SIMULINK MODELING 

4.1 Modelling of Power Circuit 

 
 

Fig. 5.Matlab/Simulink Model of DSTATCOM Power Circuit 

Fig.5 shows the complete MATLAB model of APC along with control circuit. The 

power circuit as well as control system are modelled using Power System Blockset and  

Simulink.  The grid source is represented by three-phase AC source.  Three-phase AC loads 

are connected at the load end. APC is connected in  shunt  and  it  consists  of  PWM  voltage  

source  inverter  circuit and  a  DC  capacitor  connected  at  its  DC  bus.  An  IGBT-based 

PWM  inverter  is  implemented  using  Universal  bridge  block from  Power  Electronics  
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subset  of  PSB. Snubber circuits are connected in parallel with each IGBT for protection. 

Simulation of APC system is carried out for linear and non-linear loads. The linear  load  on  

the  system  is  modelled  using  the  block  three-phase  parallel  R-L  load  connected  in  

delta  configuration.  The non-linear  load  on  the  system  is  modelled  using  R  and  R-C 

circuits  connected  at  output  of  the  diode  rectifier.  Provision  is made  to  connect  loads  

in  parallel  so  that  the  effect  of  sudden load addition and removal is studied. The feeder 

connected from the three-phase source to load is modelled using appropriate values of 

resistive and inductive components. 

 

4.2 Modelling of Control Circuit 

Fig. 6 shows the control algorithm of APC with two PI controllers.  One  PI  

controller  regulates  the  DC  link  voltage while  the  second  PI  controller  regulates  the  

terminal  voltage  at PCC.  The  in-phase  components  of APC reference  currents  are 

responsible  for  power  factor  correction  of  load  and  the quadrature  components  of  

supply  reference  currents  are  to  

Regulate the AC system voltage at PCC. 

 

 
 

Fig. 6 Simulink Diagram for Unit Vector Control Theory using PI Controller 

The output of PI controller over the DC bus  voltage ) is considered as the 

amplitude of the in-phase component of supply \reference  currents  and  the  output  of  PI  

controller  over  AC terminal  voltage  ( )  is  considered  as  the  amplitude  of  the 

quadrature  component  of  supply  reference  currents.  The instantaneous reference currents 

( ,  and ) are obtained by adding the in-phase supply reference currents ( ,  and 

) and  quadrature  supply  reference  currents  ( ,    and ). Once  the  reference  

supply  currents  are  generated,  a  carrierless hysteresis  PWM  controller  is  employed  

over  the  sensed  supply currents ( ,  and ) and instantaneous reference currents ( , 
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 and ) to generate gating pulses to the IGBTs of APC. The controller controls the APC 

currents to maintain supply currents in a  band  around  the  desired  reference  current  

values.  The hysteresis controller generates appropriate switching pulses for six IGBTs of the 

VSI working as APC.  

 
Fig: 7 P-Q Theory using PI controller 

In 1983, Akagi et al. have proposed the "The Generalized Theory of the Instantaneous 

Reactive Power in Three-Phase Circuits", also known as instantaneous power theory , or p-q 

theory. It is based on instantaneous values in three-phase power systems with or without 

neutral wire, and is valid for steady-state or transitory operations, as well as for generic 

voltage and current waveforms. The p-q theory consists of an algebraic transformation 

(Clarke transformation) of the three-phas e voltages and currents in the a-b-c coordinates to 

the  α- β -0  coordinates, followed by the calculation of the p-q theory instantaneous power 

components. 

5. SIMULATION RESULT 

Here Simulation results are presented for two cases.  In case one using Unit Vector 

Control Theory for PI Controller, case two using  P-Q Control Theory for PI Controller (with 

compensator and without compensator). 

Table 1: Comparison of Total Harmonic Distortion values  

CONTROLLER 

CONTROL THORY 

PI CONTROLLER 

 Without 

Comp. 

   With comp. 

Unit Vector 21.35% 3.08% 

P-Q Theory 17.40% 0.42% 
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Fig. 8.Simulation results for Balanced Non Linear Load Without battery connection ( a) 

Source current. (b) Load current. (c) Inverter injected current. (d) Voltage. 

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

interfaced DG systems initially, the grid-interfacing inverter is not connected to the network 

(i.e., the load power demand is totally supplied by the grid alone). Therefore, before time 

t=0.1s, the grid current profile in Fig. 12(b) is identical to the load current profile of Fig. 12(c). 

At t=0.1 s, the grid-interfacing inverter is connected to the network. At this instant the inverter 

starts injecting the current in such a way that the profile of grid current starts changing from 

unbalanced nonlinear to balanced sinusoidal current as shown in Fig. 12(b). As the inverter 

also supplies the load neutral current (In) demand, the grid neutral current becomes zero after t=0.1s. 

        At t=0.1s, the inverter starts injecting active power generated from RES(PRES=Pinv) . 

Since the generated power is more than the load power demand the additional power is fed 

back to the grid. Thus, once the inverter is in operation the grid only supplies/receives 

fundamental active power. In simple, the figure 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. 

The active and reactive power flows between the inverter, load and grid during increase and 

decrease of energy generation from RES can be noticed from Fig.8. The dc-link voltage 

across the grid- interfacing inverter during different operating condition is maintained at 

constant level in order to facilitate the active and reactive power flow. Thus from the 

simulation results, it is evident that the grid-interfacing inverter can be effectively used to 

compensate the load reactive power, current unbalance and current harmonics in addition to 

active power injection from RES. This enables the grid to supply/ receive sinusoidal and 

balanced power at UPF. 
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6. CONCLUSION 

This project has presented a novel control of an existing grid interfacing inverter to 

improve the quality of power at PCC for a 3-phase 4-wire DG system. It has been shown that 

the grid-interfacing inverter can be effectively utilized for power conditioning without 

affecting its normal operation of real power transfer. The grid-interfacing inverter with the 

proposed approach can be utilized to: 

i) Inject real power generated from RES to the grid, and/or, 

ii) Operate as a shunt Active Power Filter (APF). 

The FACTS device (STATCOM) based control scheme for power quality 

improvement in grid connected wind generating system and with nonlinear load. The power 

quality issues and its consequences on the consumer and electric utility are presented. The 

operation of the control system developed for the STATCOM in MATLAB/SIMULINK for 

maintaining the power quality already simulated. It has a capability to cancel out the 

harmonic parts of the load current. It maintains the source voltage and current in-phase and 

support the reactive power demand for the wind generator and load at PCC in the grid 

system, thus it gives an opportunity to enhance the utilization factor of transmission line.  

This approach thus eliminates the need for additional power conditioning equipment 

to improve the quality of power at PCC. Extensive MATLAB/SIMULINK simulation. 

The current unbalance, current harmonics and load reactive power, due to unbalanced 

and non-linear load connected to the PCC, are compensated effectively such that the grid side 

currents are always maintained as balanced and sinusoidal at unity power factor. Moreover, 
the load neutral current is prevented from flowing into the grid side by compensating it 

locally from the fourth leg of inverter. When the power generated from RES is more than the 

total load power demand, the grid-interfacing inverter with the proposed control approach not 

only fulfils the total load active and reactive power demand (with harmonic compensation) 

but also delivers the excess generated sinusoidal active power to the grid at unity power 

factor. 
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