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Abstract:  
The design of a multilevel D-STATCOM inverter for small to mid-size (10–20 kW) permanent-magnet wind or solar 

installations. The proposed inverter can actively regulate the reactive power on individual feeder lines at a programmable output 

while providing the variable output power of the renewable energy source. The aim is to provide utilities with distributive 

control of VAR compensation and power factor correction on feeder lines. The designed inverter utilizes a 5-level hybrid-

clamped multilevel voltage-source converter topology and uses the optimized harmonic stepped waveform technique for 

harmonic elimination. The topology allows for the separation of active and reactive power control and the ability to operate 

under any load conditions. The aim of the paper is to design a new type of inverter with FACTS capabilities to provide utilities 

with more knowledge about the distribution systems, specifically on end points.MMC has a modular design based on identical 

converter cells which make it a suitable choice for high-level applications. 
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I.INTRODUCTION 

Recently renewable energy power supplied into the 

utility grid has been paid much attention due to increase in 

fossil fuel prices, environmental pollution and energy 

demand boom. Among various renewable energy resources 

such as solar, wind, tidal, geothermal, biomass etc., the solar 

photovoltaic system being more attractive and promising 

green resource because of its abundant availability, safe 

resource, cost free and eco-friendly. The solar photovoltaic 

(PV) modules directly converts the light energy into the 

electrical energy, but energy obtained from the PV module 

acts as low voltage DC source and has relatively low 

conversion efficiency. In order to improve the efficiency and 

convert low voltage DC source into usable AC source, the 

power electronics converters are used to transform DC into 

AC. Conventional inverter topologies such as voltage source 

inverter (VSI) and the current source inverter (CSI) are being 

utilized to convert solar power generated electrical power 

into the utility grid. Whereas these topologies require 

additional DC/DC converter stage resulting in a two stage 

power conversion and also require interfacing transformer to 

inject power into the grid. These topologies not only increase 

the circuit complexity but also increase the cost and space 

requirements. 

The single stage solar power transfer will satisfy all 

the control objectives like maximum power point tracking 

(MPPT), synchronization with grid voltage, and lower 

harmonic content in the output current. At present scenarios 

several solutions for a grid connected PV system with 

conventional two-level and multilevel inverter has been 

reported in the literature. In case of two-level inverter, it 

inject maximum PV power into the grid with a unity power 

factor, however the system fails to be free from higher order 

harmonics, high voltage stress across the semiconductor 

power switch and high power losses due to high switching 

frequency.  

 

Cascaded H-Bridge multilevel Inverter: 

     The cascaded H-bridge multilevel Inverter uses 

separate dc sources (SDCSs). The multilevel inverter using 

cascaded-inverter with SDCSs synthesizes a desired voltage 

from several independent sources of dc voltages, which may 

be obtained from either battery, fuel cells, or solar cells. This 

configuration recently becomes very popular in ac power 

supply and adjustable speed drive applications. This new 

inverter can avoid extra clamp diodes or voltage balancing 

capacitors. Again, the cascaded multilevel inverters are 

classified depending the type of DC sources used throughout 

the input.  

                   A single-phase structure of an m-level cascaded 

inverter is Each separate dc source (SDCS) is connected to a 

single-phase full-bridge, or H-bridge, inverter. Each inverter 

level can generate three different voltage outputs, +V
dc

, 0, 

and –V
dc 

by connecting the dc source to the ac output by 

different combinations of the four switches, S
1
, S

2
, S

3
, and S

4
. 

To obtain +V
dc

, switches S
1 

and S
4 

are turned on, whereas –

V
dc 

can be obtained by turning on switches S
2 

and S
3
. By 

turning on S
1 

and S
2 

or S
3 

and S
4
, the output voltage is 0. The 

 

Research Article                                                                                                         Volume 6 Issue No. 4 

 



 

International Journal of Engineering Science and Computing, April 2016           3254                              http://ijesc.org/ 

ac outputs of each of the different full-bridge inverter levels 

are connected in series such that the synthesized voltage 

waveform is the sum of the inverter outputs. 

 
Fig 1.5: Single phase structures of Cascaded inverter (a) 3-

level, (b) 5-level, (c) 7-level 

 

 Modular Multi-level Converter (MMC) 
The typical structure of a MMC is shown in Fig. 1.6, 

and the configuration of a Sub-Module (SM) is given in Fig. 
1.7. Each SM is a simple chopper cell composed of two 

IGBT switches (T1 and T2), two anti-parallel diodes (D1 and 

D2) and a capacitor C.  

Each phase leg of the converter has two arms, each one 

constituted by a number N of SMs. In each arm there is also a 

small inductor to compensate for the voltage difference 

between upper and lower arms produced when a SM is 

switched in or out. 

 
Figure 1.6 - Schematic of a three-phase Modular Multi-level 

Converter 

With reference to the SM shown in Fig. 1.6, the output 
voltage UO is given by,  

UO = UC if T1 is ON and T2 is OFF  

UO = 0 if T1 is OFF and T2 is ON 

where UC is the instantaneous capacitor voltage.  

 

The configuration with T1 and T2 both ON should not be 

considered because it determines a short circuit across the 

capacitor. Also the configuration with T1 and T2 both OFF is 

not useful as it produces different output voltages depending 

on the current direction. Fig. 1.8 shows the current flows in 

both useful states. 

In a MMC the number of steps of the output voltage 

is related to the number of series connected SMs. In order to 

show how the voltage levels are generated, in the following, 

reference is made to the simple three level MMC 

configuration shown in Fig. 1.9. 

 
Figure 1.7 – Chopper cell of a Sub-Module 

 
Figure 1.8 - States of SM and current paths 

 
Figure 1.9 - Schematic of one phase of Three-Level 

Converter 

In this case, in order to get the positive output, 

+UD/2, the two upper SMs 1 and 2 are bypassed. 
Accordingly, for the negative output, - UD/2, the two lower 

SMs 3 and 4 are bypassed. The zero state can be obtained 

through two possible switch configurations. The first one is 

when the two SMs in the middle of a leg (2 and 3) are 
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bypassed, and the second one is when the end SMs of a leg (1 

and 4) are bypassed. It has to be noted that the current flows 

through the SMs that are not by passed determining the 

charging or discharging of the capacitors depending on the 

current direction. Therefore, in order to keep the capacitor 

voltages balanced, both zero states must be used 
alternatively. The voltage waveform generated by the three 

level converters is shown in Fig. 1.10. 

 
Figure 1.10 - Voltage waveform of a Three-Level 

Converter 

 

The principle of operation can be extended to any multi-level 

configuration as the one represented in Fig. 1.11. 

 
Figure 1.11 - Schematic of one phase of Multi-Level 

Converter 

In this type of inverter, the only states that have no 

redundant configurations are the two states that generate the 

maximum positive and negative voltages, + UD/2 and –

UD/2. For generating the other levels, in general there are 

several possible switching configurations that can be selected 

in order to keep the capacitor voltages balanced. In MMC of 
Fig. 1.10, the switching sequence is controlled so that at each 

instant only N SMs (i.e. half of the 2N SMs of a phase leg) 

are in the on-state. As an example, if at a given instant in the 

upper arm SMs from 2 to N are in the on-state, in the lower 

arm only one SM will be in on-state. It is clear that there are 

several possible switching configurations. Equal voltage 

sharing among the capacitor of each arm can be achieved by 

a selection algorithm of inserted or bypassed SMs during 

each sampling period of the control system. A typical voltage 

waveform of a multi-level converter is shown in Fig. 1.12. 

 
Figure 1.12 - Voltage waveform of a Multi-Level 

Converter 

 

 Wind Turbines: 
Wind turbines transform wind energy into 

electricity. The wind is a highly variable source, which 

cannot be stored, thus, it must be handled according to this 
characteristic. A general scheme of a wind turbine is shown 

in Fig. 1.15, where its main components are presented. 

 
 

Fig. 1.14 Schematic operation diagram of a wind turbine 

 

The principle of operation of a wind turbine is 

characterized by two conversion steps. First the rotor extract 

the kinetic energy of the wind, changing it into mechanical 

torque in the shaft; and in the second step the generation 

system converts this torque into electricity. In the most 

common system, the generator system gives an AC output 

voltage that is dependent on the wind speed. As wind speed 

is variable, the voltage generated has to be transferred to DC 
and back again to AC with the aid of inverters. However, 

fixed speed wind turbines are directly connected to grid. 

                                                                 

                                 II.FACTS CONTROLLERS 

 

The rapid development of power electronics, 

Flexible AC Transmission Systems (FACTS) devices have 

been proposed and implemented in power systems. FACTS 

devices can be utilized to control power flow and enhance 

system stability. Particularly with the deregulation of the 

electricity market, there is an increasing interest in using 
FACTS devices in the operation and control of power 

systems with new loading and power flow conditions. A 

better utilization of the existing power systems to increase 

their capacities and controllability by installing FACTS 

devices becomes imperative. 
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TYPES OF FACTS CONTROLLERS: 

 In general, FACTS Controllers can be divided into four 

categories: 

   1. Series controllers 

   2. Shunt controllers 

   3. Combined series-series controllers 
   4. Combined series-shunt controllers 

 

 DISTRIBUTION STATIC COMPENSATOR 

(DSTATCOM): 

A D-STATCOM (Distribution Static  

Compensator), which is schematically depicted in Figure, 

consists of a two-level Voltage Source Converter (VSC), a dc 

energy storage device, a coupling transformer connected in 

shunt to the distribution network through a coupling 

transformer. The VSC converts the dc voltage across the 

storage device into a set of three-phase ac output voltages. 

These voltages are in phase and coupled with the ac system 
through the reactance of the coupling transformer. Suitable 

adjustment of the phase and magnitude of the D-STATCOM 

output voltages allows effective control of active and reactive 

power exchanges between the D-STATCOM and the ac 

system. Such configuration allows the device to absorb or 

generate controllable active and reactive power. 

The VSC connected in shunt with the ac system provides a 

multifunctional topology which can be used for up to three 

quite distinct purposes:  

1. Voltage regulation and compensation of reactive power; 

2. Correction of power factor; and  
3. Elimination of current harmonics.  

Here, such device is employed to provide continuous voltage 

regulation using an indirectly controlled converter. 

 
Figure 2.3 Block diagram of D-STATCOM 

  

The shunt injected current I
sh 

corrects the voltage sag by 

adjusting the voltage drop across the system impedance Z
th

. 

The value of I
sh 

can be controlled by adjusting the output 

voltage of the converter.  

It may be mentioned that the effectiveness of the D-

STATCOM in correcting voltage sag depends on the value of 

Z
th 

or fault level of the load bus. When the shunt injected 

current I
sh 

is kept in quadrature with V
L, 

the desired voltage 

correction can be achieved without injecting any active 

power into the system. On the other hand, when the value of 

I
sh 

is minimized, the same voltage correction can be achieved 

with minimum apparent power injection into the system. The 

control scheme for the D-STATCOM follows the same 

principle as for DVR. The switching frequency is set at 475 

Hz.  

 

 

 

 MATHEMATICAL MODELING OF DSTATCOM: 
DSTATCOM is a shunt device which hast the 

capability to inject or absorb both active and reactive current. 

The reactive power output of a D-STATCOM is proportional 

to the system voltage rather than the square of the system 

voltage, as in a capacitor. This makes DSTATCOM more 
suitable rather than using capacitors. Though storing energy 

is a problem for long term basis, considering real power 

compensation for voltage control is not an ideal case. So 

most of the operations considered is steady stat only and the 

power exchange in such a condition is reactive. To realize 

such a model, it can be said that a DSTATCOM consists of a 

small DC capacitor and a voltage source converter 

 

Basic Configuration and Operation of DSTATCOM: 

The D-STATCOM is a three-phase and shunt 

connected power electronics based device. It is connected 

near the load at the distribution systems. The major 
components of a D-STATCOM are shown. It consists of a dc 

capacitor, three-phase inverter (IGBT, thyristor) module, ac 

filter, coupling transformer and a control strategy .The basic 

electronic block of the D-STATCOM is the voltage-sourced 

inverter that converts an input dc voltage into a three-phase 

output voltage at fundamental frequency. 

 
Fig 2.8 Basic Building Blocks of the D-STATCOM 

 

The D-STACOM employs an inverter to convert the 

DC link voltage Vdc on the capacitor to a voltage source of 

adjustable magnitude and phase. Therefore the DSTATCOM 

can be treated as a voltage-controlled source. The D-

STATCOM can also be seen as a current-controlled source. 

Figure  shows the inductance L and resistance R which 

represent the equivalent circuit elements of the step-down 

transformer and the inverter will is the main component of 

the D-STATCOM. The voltage Vi is the effective output 
voltage of the D-STATCOM and δ is the power angle. The 

reactive power output of the D-STATCOM inductive or 

capacitive depending can be either on the operation mode of 

the D-STATCOM. Referring .the controller of the D 

STATCOM is used to operate the inverter in such a way that 

the phase angle between the inverter voltage and the line 

voltage is dynamically adjusted so that the D-STATCOM 

generates or absorbs the desired VAR at the point of 

connection. 

     The phase of the output voltage of the thyristor-

based inverter, Vi, is controlled in the same way as the 
distribution system voltage, Vs. the three basic operation 

modes of the DSTATCOM output current, I, which varies 

depending upon Vi. If Vi is equal to Vs, the reactive power is 

zero and the D-STATCOM does not generate or absorb 

reactive power. When Vi is greater than Vs, the 

DSTATCOM shows an inductive reactance connected at its 

terminal.  
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The current, I, flows through the transformer 

reactance from the D-STATCOM to the ac system, and the 

device generates capacitive reactive power. If Vs is greater 

than Vi, the D-STATCOM shows the system as a capacitive 

reactance. Then the current flows from the ac system to the 

D-STATCOM, resulting in the device absorbing inductive 
reactive power. 

 

 
No-load mode (Vs = Vi) And phasor diagram 

 

 
 

 

 

 

 

Capacitive mode (Vi >Vs) And phaspr diagram 

 

 
Inductive mode (Vi <Vs) And phasor diagram 

 

 Operation modes of D-STATCOM: 
  Above figure shows the three basic operation modes 

of the DSTATCOM output current, I, which varies 

depending upon Vi. If Vi is equal to Vs, the reactive power is 

zero and the D-STATCOM does not generate or absorb 

reactive power. When Vi is greater than Vs, the D-

STATCOM shows an inductive reactance connected at its 

terminal. The current I, flows through the transformer 

reactance from the D-STATCOM to the ac system, and the 

device generates capacitive reactive power.  

If Vs is greater than Vi, the D-STATCOM shows the system 

as a capacitive reactance. Then the current flows from the ac 

system to the D-STATCOM, resulting in the device 

absorbing inductive reactive power. 

 

VOLTAGE SOURCE CONVERTERS (VSC): 
 A voltage-source converter is a power electronic 

device, which can generate a sinusoidal voltage with any 

required magnitude, frequency and phase angle. Voltage 

source converters are widely used in adjustable-speed drives, 

but can also be used to mitigate voltage dips. The VSC is 

used to either completely replace the voltage or to inject the 

‘missing voltage’. The ‘missing voltage’ is the difference 

between the nominal voltage and the actual. The converter is 

normally based on some kind of energy storage, which will 

supply the converter with a DC voltage. The solid-state 

electronics in the converter is then switched to get the desired 

output voltage. Normally the VSC is not only used for 
voltage dip mitigation, but also for other power quality 

issues, e.g. flicker and harmonics.  

In addition, the ac current waveforms can be 

maintained as almost sinusoidal, which reduces harmonic 

contamination to the mains supply. Pulse width-modulation 

consists of switching the valves ON and OFF, following a 

pre-established template. This template could be a sinusoidal 

waveform of voltage or current. This PWM pattern is a 

periodical waveform whose fundamental is a voltage with the 

same frequency of the template. The amplitude of this 

fundamental, called VMOD is also proportional to the 
amplitude of the template. To make the rectifier work 

properly, the PWM pattern must generate a fundamental 

VMOD with the same frequency as  the power source. 

Changing the amplitude of this fundamental 

 
 

Fig 2.11  Operation principle of the voltage source rectifier. 

 

III.PROPOSED CONCEPT  

 

PROPOSED  D-STATCOM INVERTER: 

 

 
Fig 3.1 Complete configuration of the proposed D-

STATCOM inverter system 

 

At this time, the modular multilevel converter 

(MMC) is the newest topology for large scale commercial 

applications. Fig. 2 shows the configuration of the MMC 

topology. The structure of this topology is based on several 

modules in which each module consists of a floating 

capacitor and two switches.  
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This topology is an ideal choice for FACTS 

applications if the capacitor voltages are kept balanced.  It 

requires only one DC source which is proper for renewable 

energy inverters, it is easy to design for higher levels, and it 

can deliver active and reactive power regardless of the load 

characteristics. MMC has a modular design based on 
identical converter cells  which make it a suitable choice for 

high-level applications. The main drawback of this topology 

is that it requires large capacitors in comparison with similar 

topologies which may affect the total cost of the inverter. 

However, this problem can be alleviated by the lack of need 

for any snubber circuits. Each leg of an n-level MMC 

inverter consists of several basic submodules (SMs) and two 

inductors which are in series. This lowers dv/dt  and therefore 

the voltage stress across the switches. 

 
Fig 3.2. Configuration of the MMC topology and its sub-

module 

 

              IV.MATLAB/SIMULATION RESULTS 

 
 

 

 
 

 
                                                                                                                                                                                            

                                          V.CONCLUSION 

In this proposal the concept of a D-STATCOM 

inverter  is presented. The proposed inverter suggests a new 

way in  which small renewable sources can be used to 

provide control and support in distribution systems. The 

MMC DSTATCOM inverter has the ability to provide 

utilities with  capacitive VAR compensation. The unique 

work of this  research is to combine the two concepts of D-

STATCOM  and inverter using the most advanced multi-
level topology to  make a single unit called D-STATCOM 

inverter. In the  current research a new D-STATCOM 

inverter using the most  advanced multi-level topology called 

MMC is presented. In  this project, MMC is used as the 

voltage source converter  (VSC) topology to make a D-

STATCOM that is not only  able to regulate reactive power, 

but is able to link to a wind  turbine and regulate the active 

power transferred to the grid.  The proposed device provides 

an inverter and D-STATCOM  in a single unit without any 

additional cost. The proposed DSTATCOM inverter can 

provide utilities with more  knowledge at end points of the 

distribution lines. The goal is  to increase the penetration of 
renewable energy systems,  specifically wind, to the 

distribution systems. 
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