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Abstract:

In this paper, a new single-phase wind energyinverter 
(WEI) with flexible AC transmission system (FACTS)
capability is presented. The proposed inverter is placed 
betweenthe wind turbine and the grid, same as a regu-
lar WEI, and isable to regulate active and reactive pow-
er transferred to the grid.This inverter is equipped with 
distribution static synchronouscompensators option in 
order to control the power factor (PF) ofthe local feeder 
lines. Using the proposed inverter for small-tomedium-
size wind applications will eliminate the use of capaci-
torbanks as well as FACTS devices to control the PF of 
thedistribution lines. The goal of this paper is to introduce 
newways to increase the penetration of renewable energy 
systemsinto the distribution systems. This will encourage 
the utilities andcustomers to act not only as a consumer, 
but also as a supplier ofenergy. Moreover, using the new 
types of converters with FACTScapabilities will signifi-
cantly reduce the total cost of the renewableenergy ap-
plication. 

In this paper, modular multilevel converteris used as 
the desired topology to meet all the requirements of 
asingle-phase system such as compatibility with IEEE 
standards,total harmonic distortion (THD), efficiency, 
and total cost ofthe system. The proposed control strategy 
regulates the activeand reactive power using power angle 
and modulation index,respectively. The function of the 
proposed inverter is to transferactive power to the grid as 
well as keeping the PF of the local power lines constant at 
a target PF regardless of the incomingactive power from 
the windturbine. The simulations for an13-level inverter 
have been done in MATLAB/Simulink. Tovalidate the 
simulation results, a scaled  prototype model of thepro-
posed inverter has been built and tested.

I. INTRODUCTION:

THE ROLE of power electronics in distribution system-
shas greatly increased recently. The power electronicde-
vices are usually used to convert the nonconventional-
forms of energy to the suitable energy for power grids,in 
terms of voltage and frequency. In permanent magnet 
(PM) wind applications, a back-to-back converter are 
normallyutilized to connect the generator to the grid. A 
rectifierequipped with a maximum power point tracker 
(MPPT), converts the output power of the wind turbine to 
a dc power.The dc power is then converted to the desired 
ac powerfor power lines using an inverter and a trans-
former. Withrecent developments in wind energy, utiliz-
ing smarter windenergy inverters (WEIs) has become an 
important issue. Thereare a lot of single-phase lines in the 
United States, whichpower small farms or remote houses 
[1], [2]. Such customers Have the potential to produce 
their required energy using asmall-to-medium-size wind 
turbine. Increasing the number ofsmall-to-medium wind 
turbines will make several troublesfor local utilities such 
as harmonics or power factor (PF)issues.

A high PF is generally desirable in a power system to-
decrease power losses and improve voltage regulation at 
theload. It is often desirable to adjust the PF of a system 
to near 1.0. When reactive elements supply or absorb re-
active powernear the load, the apparent power is reduced. 
In other words,the current drawn by the load is reduced, 
which decreases thepower losses. Therefore, the voltage 
regulation is improvedif the reactive power compensation 
is performed near largeloads. Traditionally, utilities have 
to use capacitor banks tocompensate the PF issues, which 
will increase the total costof the system. The modern 
ways of controlling the PF of thesepower lines is to use 
small distribution static synchronous compensators(D-
STATCOMs).

                 Volume No: 2 (2015), Issue No: 11 (November)                                                                                           November 2015
                                                                             www.ijmetmr.com                                                                                                                                        Page 750

Mrs. Suneetha 
PG Scholar,

Department of EEE,
E.V.M College of Engineering and Technology.

Mrs.Raghavarani
Assistant Professor,
Department of EEE,

E.V.M College of Engineering and Technology.

Power Quality Improvement by 13-Level Inverter with 
FACTS Capability for Distributed Energy Systems



                                                                                                                         ISSN No: 2348-4845
International Journal & Magazine of Engineering, 

Technology, Management and Research
A Peer Reviewed Open Access International Journal   

The D-STATCOMs are normallyplaced in parallel with 
the distributed generation systems aswell as the power 
systems to operate as a source or sink ofreactive power to 
increase the power quality issues of thepower lines. Us-
ing regular STATCOMs for small-to-mediumsizesingle-
phase wind applications does not make economicsense 
and increase the cost of the system significantly. This 
iswhere the idea of using smarter WEIs with FACTS ca-
pabilitiesshows itself as a new idea to meet the targets of 
beingcost-effective as well as compatible with IEEE stan-
dards.The proposed inverter in this paper is equipped with 
aD-STATCOM option to regulate the reactive power of 
the localdistribution lines and can be placed between the 
wind turbineand the grid, same as a regular WEI without 

The power angle δ, which is the angle between the volt-
agesof the inverter and the grid, and reactive power, is 
regulatedby the modulation index m. There are a large 
number of publications on integration ofrenewable ener-
gy systems into power systems. A list of completepublica-
tions on FACTS applications for grid integrationof wind 
and solar energy was presented in [3]. In [4], newcom-
mercial wind energy converters with FACTS capabilities-
are introduced without any detailed information regard-
ing theefficiency or the topology used for the converters. 
In [5], a complete list of the most important multilevel in-
verterswas reviewed. Also, different modulation methods 
such assinusoidal pulsewidth modulation (PWM), selec-
tive harmonic Elimination, optimized harmonic stepped 
waveform technique,and space vector modulation were 
discussed and compared.Among all multilevel topolo-
gies [6]–[9], the cascadedH-bridge multilevel converter is 
very well known forSTATCOM applications for several 
reasons [10]–[12]. Themain reason is that it is simple to 
obtain a high numberof levels, which can help to connect 
STATCOM directlyto medium voltage grids.

The modular multilevel converter(MMC) was introduced 

any additionalcost. The function of the proposed inverter 
is not only toconvert dc power coming from dc link to a 
suitable ac powerfor the main grid, but also to fix the PF 
of the local grid at atarget PF by injecting enough reac-
tive power to the grid. In theproposed control strategy, the 
concepts of the inverter and theD-STATCOM have been 
combined to make a new inverter,which possesses F

ACTS capability with no additional cost.The proposed 
control strategy allows the inverter to act as an Inverter 
with D-STATCOM option when there is enough wind-
to produce active power, and to act as a D-STATCOM 
whenthere is no wind. The active power is controlled by 
adjusting.

in the early 2000s [13], [14]. Reference[15] describes a 
MMC converter for high voltage DC (HVDC) applica-
tions. This paper mostly looks at the maincircuit compo-
nents. Also, it compares two different typesof MMC, in-
cluding H-bridge and full-bridge submodules. In [9] and 
[16], a new single-phase inverter using hybridclamped-
topology for renewable energy systems is presented.The 
proposed inverter is placed between the renewable energy 
Source and the main grid. The main drawback of the pro-
posedinverter is that the output current has significant 
fluctuationsthat are not compatible with IEEE standards. 
The authors Believe that the problem is related to the 
snubber circuit design. Several other applications of cus-
tom power electronics inrenewable energy systems exist, 
including [17] an applicationof a custom power interface 
where two modes of operation,including an active power 
filter and a renewable energySTATCOM. application [18] 
looks at the currentsourceinverter, which controls reactive 
power and regulatesvoltage at the point of common cou-
pling (PCC). Varma et al. [19], [20] propose an applica-
tion of photovoltaic (PV) solarinverter as STATCOM in 
order to regulate voltage on threephasepower systems,
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Fig. 1.Complete configuration of the proposed inverter with FACTS capability
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for improving transient stability andpower transfer limit 
in transmission systems. The authorscalled their proposed 
system PV-STATCOM. Similar to windfarms (when there 
is no wind), solar farms are idle duringnights. We pro-
posed a control strategy that makes the solarfarms to act 
as STATCOMs during night when they arenot able to 
produce active power. The main purpose of thePV-STAT-
COM system is to improve the voltage control andthe PF 
correction on three-phase transmission systems.In this 
paper, the proposed WEI utilizes MMC topology,which 
has been introduced recently for HVDC applications.
Replacing conventional inverters with this inverter will 
eliminatethe need to use a separate capacitor bank or a 
STATCOMdevice to fix the PF of the local distribution 
grids. 

Obviously,depending on the size of the power system, 
multiple invertersmight be used in order to reach the de-
sired PF. The uniquework in this paper is the use of MMC 
topology for a singlephasevoltage-source inverter, which 
meets the IEEE standard519 requirements, and is able 
to control the PF of the gridregardless of the wind speed 
Fig. 1 shows the completegrid-connected mode configu-
ration of the proposed inverter.The dc link of the inverter 
is connected to the wind turbinethrough a rectifier using 
MPPT and its output terminal isconnected to the utility 
grid through a series-connectedsecond-order filter and a 
distribution transformer.

II. MODULAR MULTILEVEL CONVERT-
ER:

MMC has gained increasing attention recently. A num-
ber ofpapers were published on the structure, control, and 
applicationof this topology, but none has suggested the 
useof that for inverter + D-STATCOM application. This 
topologyconsists of several half-bridge (HB) submodules 
(SMs) pereach phase, which are connected in series. An 
n-level singlephaseMMC consists of a series connection 
of 2(n − 1) Basic SMs and two buffer inductors. Each 
SM possessestwo semiconductor switches, which operate 
in complementarymode, and one capacitor. The exclusive 
structure of MMCbecomes it an ideal candidate for medi-
um-to-high-voltage

Fig. 2.Structure of a single-phase MMC inverter struc-
ture.

Applications such as wind energy applications. Moreover, 
thistopology needs only one dc source, which is a key 
point forwind applications. MMC requires large capaci-
tors which mayincrease the cost of the systems; however, 
this problem is offsetby the lack of need for any snub-
ber circuit.Applications such as wind energy applications. 
Moreover, thistopology needs only one dc source, which 
is a key point forwind applications. MMC requires large 
capacitors which mayincrease the cost of the systems; 
however, this problem is offsetby the lack of need for any 
snubber circuit.

The output voltage of each SM (vo) is either equal to its 
capacitor voltage (vc) or zero, depending on the switching 
states. The buffer inductors must provide current control 
in each phase arm and limit the fault currents. To describe 
the operation of MMC, each SM can be considered as a 
two pole switch. If Sui, which is defined as the status of 
the ithsubmodule in the upper arm, is equal to unity, then 
the output of the ith SM is equal to the corresponding ca-
pacitor voltage; otherwise it is zero. 

Likewise, if Sli which is defined as the status of the ith-
submodule in the lower arm, is equal to unity, then the 
output of the ith lower SM is equal to the corresponding 
capacitor voltage; otherwise it is zero. Generally, when 
Sui or Sli is equal to unity, the i th upper or lower SM is 
ON; otherwise it is OFF. Therefore, the upper and Lower 
arm voltages of the MMC are as follows:
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Where v13 and v12 are the voltages of the upper and low-
er buffer inductors, n is the number of voltage levels, and 
vci is the voltage of the ith SMs capacitor in upper arm or 
lower arm. A single-phase 13-levelMMC inverter consists 
of 20 SMswhich translates to 40 power switches, 20 ca-
pacitors, and2 buffer inductors. The dc and ac voltages of 
the 13-levelMMC are described by

III. PROPOSED CONTROL STRATEGY:

The proposed controller consists of three major functions. 
The first function is to control theactive and reactive pow-
er

Fig.3. Schematic of the proposed controller system.

Transferred to the power lines, the second function is to 
keep the voltages of the SMs’ capacitors balanced, and the 
third function is to generate desired PWM signals. Fig. 3 
shows the complete proposed controller system. The aim 
of the designed inverter is to transfer active power coming 
from the wind turbine as well as to provide utilities with 
distributive control of volt-ampere reactive (VAR) com-
pensation and PF correction of feeder lines. The applica-
tion of the proposed inverter requires active and reactive 
power to be controlled fully independent, so that if wind

is blowing, the device should be working as a normal in-
verter plus being able to fix the PF of the local grid at a 
target PF (D-STATCOM option), and if there is no wind, 
the device should be only operating as a D-STATCOM 
(or capacitor bank) to regulate PF of the local grid. This 
translates to two modes of operation: 1) when wind is 
blowing and active power is coming from the wind tur-
bine: the inverter plus D-STATCOM mode. In this mode, 
the device is working as a regular inverter to transfer ac-
tive power from the renewable energy source to the grid 
as well as working as a normal D-STATCOM to regulate 
the reactive power of the grid in order to control the PF of 
the grid and 2) when wind speed is zero or too low to gen-
erate active power: the D-STATCOM mode. In this case, 
the inverter is acting only as a source of reactive power to 
control the PF of the grid, as a D-STATCOM. 

This option eliminates the use of additional capacitor 
banks or external STATCOMs to regulate the PF of the 
distribution feeder lines. Obviously, the device is capable 
of outputting up to its rated maximum real power and/
or reactive power, and will always output all real power 
generated by the wind turbine to the grid. The amount of 
reactive power, up to the design maximum, is dependent 
only on what the utility asks the device to produce.Gener-
ally, (5) and (6) dictate the power flow between aSTAT-
COM device and power lines

where X is the inductance between the STATCOM (here 
asinverter) and the grid which is normally considered as 
output filter inductance added to the transmission line 
inductance. The root mean square (RMS) voltage of the 
STATCOM (= inverter) is given as Es and is considered 
to be out of phase by an angle of δ to the RMS line volt-
age E1.

In the proposed control strategy, active and reactive power 
transferred between the inverter and the distribution grid 
is controlled by selecting both the voltage level of the in-
verter and the angle δ between the voltages of inverterand 
grid, respectively. The amplitude of the inverter voltage 
is regulated by changing the modulation index m and the 
angle δ by adding a delay to the firing signals which con-
cludes
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In this paper, m is the key factor to control the reactive 
power compensation and its main task is to make the PF 
of the grid equal to the target PF. δ is the control param-
eter to Adjust the active power control between the in-
verter and the grid.Several assumptions should be consid-
ered for the proposed controller which is as: 1) the load 
on the feeder line should be considered fixed for a small 
window of time and there is no change in the load during 
a cycle of the grid frequency; 2) the feeder line can be ac-
curately modeled as a constant P, Q load. This means that 
the power produced by a wind turbine will displace other 
power on the feeder line and not add toit; and 3) although 
making a change in m or δ has effect on both (7) and (8), 
it is assumed that a change in the modulation index will 
predominantly affect Q, while a change in delta will pre-
dominantly affect P. Any effect on Q from a small change 
in delta is thus ignored. This results in controlling P and 
Q independently. Equation (9) shows the relation between 
the target reactive power and the target PF

Where PG is the amount of active power on the grid, QT 
is

Fig.4. CPWM waveforms for an13-level MMC invert-
er, and the generated output voltage levels.

The target amount of reactive power, and PFT is the target 
PF desired by the utility. So, QT can be calculated as

Using (9) and (10), the target reactive power for the grid 
is determined and is compared with the actual value of 
the reactive power of the grid. Using a PI compensator 
will determine the desired value for the modulation index. 
The power angle is also determined by comparing the ac-
tual dc voltage of the inverter with a reference value. A PI 
compensator determines the desired value for the power 
angle.The second function of the controller systems is to 
keep the capacitors’ voltages balanced. In order to do this, 
a carrier basedPulse width modulation (CPWM) method 
isUsed. 

The top graph in Fig. 4 shows the reference signal and 
the carrier waveforms for an13-level MMC inverter using 
CPWM technique. The bottom graph of Fig. 4 shows the 
output voltage levels generated based on Table I.In an13-
level CPWM technique, ten carrier signals are compared 
with a reference sinusoidal signal. In Fig 4, based on the 
phase of the reference signal (vr), there are 13 operating 
regions where each region defines a voltage level in the 
output

Where nupperArm and nlowerArm are the numbers of 
SMs which are ON (Sc is ON and Sm is OFF in Fig. 1) 
in the upper arm or lower arm, respectively. In an13-lev-
el MMC inverter, there are ten upper andten lower SMs 
where each SM has a capacitor. For instance,in voltage 
level 1 of Table I, all the upper SMs should beOFF and all 
the lower SMs should be ON, which translates to the fact 
that the main switches Sm of all upper SMs and theauxil-
iary switches (Sc) of all lower SMs have to be ON andall 
the other switches have to be OFF. In this case, the in-
putdc voltage is applied only to the ten lower capacitors, 
so that
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the output voltage is vDC/2. Fig. 5 illustrates the selection 
of capacitors for different voltage levels shown in Table 
I. The most critical issue to control MMC is to maintain 
the voltage balance across all the capacitors. Therefore, 
the SMs’ voltages are measured and sorted in descending 
order during each cycle. If the current flowing through the 
switches is positive, so that capacitors are being charged, 
nupperArm and nupperArm and of the SMs in upper arm 
and lower arm with the lowest voltages are selected, re-
spectively. 

As a result, ten capacitors with lowest voltages are cho-
sen to be charged.Likewise, if the current flowing through 
the switches is negative, so that capacitors are being dis-
charged, nupperArmand nupper Arm of the SMs in upper 
arm and lower armwith highest voltages are selected, re-
spectively. As a result,ten capacitors with highest voltages 
are chosen to be discharged.Consequently, the voltages of 
the SMs’ capacitorsare balanced. Considering Table I and 
based on thedirection of the current flowing through the 
switches, theproper algorithm will be selected to maintain 
capacitorbalance.

The third function of the controller system is the PWM 
generation block. In this block, based on the desired mod-
ulation index, power angle, voltages of the capacitors, di-
rection of the current flowing through the switches and 
using Table I, the controller generates the PWM signals in 
order to meet all the system requirements.

IV. SIMULATION AND PRACTICAL RE-
SULTS:

The design of an13-level MMC inverter was carried out 
in MATLAB/Simulink. The simulation is 20 s long and 
contains
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In this paper, m is the key factor to control the reactive 
power compensation and its main task is to make the PF 
of the grid equal to the target PF. δ is the control param-
eter to Adjust the active power control between the in-
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ered for the proposed controller which is as: 1) the load 
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window of time and there is no change in the load during 
a cycle of the grid frequency; 2) the feeder line can be ac-
curately modeled as a constant P, Q load. This means that 
the power produced by a wind turbine will displace other 
power on the feeder line and not add toit; and 3) although 
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it is assumed that a change in the modulation index will 
predominantly affect Q, while a change in delta will pre-
dominantly affect P. Any effect on Q from a small change 
in delta is thus ignored. This results in controlling P and 
Q independently. Equation (9) shows the relation between 
the target reactive power and the target PF

Where PG is the amount of active power on the grid, QT 
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Fig.4. CPWM waveforms for an13-level MMC invert-
er, and the generated output voltage levels.

The target amount of reactive power, and PFT is the target 
PF desired by the utility. So, QT can be calculated as

Using (9) and (10), the target reactive power for the grid 
is determined and is compared with the actual value of 
the reactive power of the grid. Using a PI compensator 
will determine the desired value for the modulation index. 
The power angle is also determined by comparing the ac-
tual dc voltage of the inverter with a reference value. A PI 
compensator determines the desired value for the power 
angle.The second function of the controller systems is to 
keep the capacitors’ voltages balanced. In order to do this, 
a carrier basedPulse width modulation (CPWM) method 
isUsed. 

The top graph in Fig. 4 shows the reference signal and 
the carrier waveforms for an13-level MMC inverter using 
CPWM technique. The bottom graph of Fig. 4 shows the 
output voltage levels generated based on Table I.In an13-
level CPWM technique, ten carrier signals are compared 
with a reference sinusoidal signal. In Fig 4, based on the 
phase of the reference signal (vr), there are 13 operating 
regions where each region defines a voltage level in the 
output

Where nupperArm and nlowerArm are the numbers of 
SMs which are ON (Sc is ON and Sm is OFF in Fig. 1) 
in the upper arm or lower arm, respectively. In an13-lev-
el MMC inverter, there are ten upper andten lower SMs 
where each SM has a capacitor. For instance,in voltage 
level 1 of Table I, all the upper SMs should beOFF and all 
the lower SMs should be ON, which translates to the fact 
that the main switches Sm of all upper SMs and theauxil-
iary switches (Sc) of all lower SMs have to be ON andall 
the other switches have to be OFF. In this case, the in-
putdc voltage is applied only to the ten lower capacitors, 
so that
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the output voltage is vDC/2. Fig. 5 illustrates the selection 
of capacitors for different voltage levels shown in Table 
I. The most critical issue to control MMC is to maintain 
the voltage balance across all the capacitors. Therefore, 
the SMs’ voltages are measured and sorted in descending 
order during each cycle. If the current flowing through the 
switches is positive, so that capacitors are being charged, 
nupperArm and nupperArm and of the SMs in upper arm 
and lower arm with the lowest voltages are selected, re-
spectively. 

As a result, ten capacitors with lowest voltages are cho-
sen to be charged.Likewise, if the current flowing through 
the switches is negative, so that capacitors are being dis-
charged, nupperArmand nupper Arm of the SMs in upper 
arm and lower armwith highest voltages are selected, re-
spectively. As a result,ten capacitors with highest voltages 
are chosen to be discharged.Consequently, the voltages of 
the SMs’ capacitorsare balanced. Considering Table I and 
based on thedirection of the current flowing through the 
switches, theproper algorithm will be selected to maintain 
capacitorbalance.

The third function of the controller system is the PWM 
generation block. In this block, based on the desired mod-
ulation index, power angle, voltages of the capacitors, di-
rection of the current flowing through the switches and 
using Table I, the controller generates the PWM signals in 
order to meet all the system requirements.

IV. SIMULATION AND PRACTICAL RE-
SULTS:

The design of an13-level MMC inverter was carried out 
in MATLAB/Simulink. The simulation is 20 s long and 
contains
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severe ramping and de-ramping of the wind turbine. The 
goal is to assess the behavior of the control system in the 
worst conditions. Table II shows the values of the param-
eters used for the simulation.Before t = 6 s, there is no 
wind to power the wind turbine; therefore, the dc link is 
open-circuited. At t = 6 s, the input

 
Fig. 6.Simulated output active power from the wind 

turbine.

Power of the inverter is ramped up to 12 kW in 5 s, and 
then ramped down to 3.5 kW 4 s later. Fig. 6 shows the 
output active power from the wind turbine. In the simula-
tion, thelocal load makes the PF 0.82. When the simula-
tion starts, the inverter provides enough compensation to 
reach the target PF 0.90. Fig. 7 shows the output active 
and reactive power

Fig. 7.Simulated active and reactive power of the in-
verter (top graph), active and reactive power of the 

power lines (bottom graph).

Fig.8. Simulated output voltage of an 13-level invert-
er.

From the wind turbine and the grid. After t = 6 s, the out-
put power of the wind turbine is increased, and as a re-
sult the level of active power provided by the feeder line 
is decreased by the same amount. The simulated output 
voltage of the inverter before the filter is shown in Fig. 8. 
Fig. 9 shows the PF of the grid.
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The PF of the grid is constant at 0.90 regardless of the ac-
tive power from the wind turbine, showing that the main 
goal of the inverter is achieved. The set-point for dc link 
voltage of the inverter is 2000 V and the RMS value of 
the output ac voltage is 600 V. The delta and modulation 
index graphs are shown in Fig. 10. As soon as the active 
power comes from the wind turbine, the controller system 
increases the value of the power angle in order to output 
more active power to the grid. Therefore, the active power 
provided from the feeder lines to the load is decreased, 
and as a result the reactive power from the feeder lines 
is decreased. Consequently, the modulation index is in-
creased by the controller system to inject more reactive 
power needed by the load. 

Fig.9. Simulated PF of the grid.

 

 
Fig.10. Simulated delta and modulation index of the 

13-level inverter.

To validate the simulation results, a scaled version of the 
proposed inverter has been built and tested. The power 
rating of the scaled prototype model is 250 W and/or 
VAR, whichis limited by the rating of the semiconductor 
devices. The experimental results serve only as a proof-
of-concept. In order to implement the control strategy and 
to handle the feedback signals, two CLP 1304 ds PACE 
systems have been synchronized. A three-phase PM gen-
erator driven by a variable speed dc motor is used to emu-
late the wind speed change. Fig. 13 shows the test bench 
setup and the 13-level prototype inverter.Fig. 12 shows 
the output voltage of the inverter where theswitching fre-
quency and the values of the LC filter is 2 kHz,5 mH, and 
10 μF, respectively. The efficiency of the inverteris close 
to 0.95. The experimental output voltage THD andcurrent 
TDD is 2.7 and 2.12%, respectively.

 
Fig.12. Output voltage of the proposed 13-level 

inverter.

V. CONCLUSION:

In this paper, the concept of a new multilevel inverter with 
FACTS capability for small-to-mid-size wind installa-
tions is presented. The proposed system demonstrates the 
application of a new inverter with FACTS capability in a 
single unitwithout any additional cost. Replacing the tra-
ditional renewable energy inverters with the proposed in-
verter will eliminate the need of any external STATCOM 
devices to regulate the PF of the grid. Clearly, depending 
on the size of the compensation, multiple inverters may 
be needed to reach the desired PF. This shows a new way 
in which distributed renewable sources can be used to 
provide control and support in distribution systems.
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severe ramping and de-ramping of the wind turbine. The 
goal is to assess the behavior of the control system in the 
worst conditions. Table II shows the values of the param-
eters used for the simulation.Before t = 6 s, there is no 
wind to power the wind turbine; therefore, the dc link is 
open-circuited. At t = 6 s, the input

 
Fig. 6.Simulated output active power from the wind 

turbine.

Power of the inverter is ramped up to 12 kW in 5 s, and 
then ramped down to 3.5 kW 4 s later. Fig. 6 shows the 
output active power from the wind turbine. In the simula-
tion, thelocal load makes the PF 0.82. When the simula-
tion starts, the inverter provides enough compensation to 
reach the target PF 0.90. Fig. 7 shows the output active 
and reactive power

Fig. 7.Simulated active and reactive power of the in-
verter (top graph), active and reactive power of the 

power lines (bottom graph).

Fig.8. Simulated output voltage of an 13-level invert-
er.

From the wind turbine and the grid. After t = 6 s, the out-
put power of the wind turbine is increased, and as a re-
sult the level of active power provided by the feeder line 
is decreased by the same amount. The simulated output 
voltage of the inverter before the filter is shown in Fig. 8. 
Fig. 9 shows the PF of the grid.
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The PF of the grid is constant at 0.90 regardless of the ac-
tive power from the wind turbine, showing that the main 
goal of the inverter is achieved. The set-point for dc link 
voltage of the inverter is 2000 V and the RMS value of 
the output ac voltage is 600 V. The delta and modulation 
index graphs are shown in Fig. 10. As soon as the active 
power comes from the wind turbine, the controller system 
increases the value of the power angle in order to output 
more active power to the grid. Therefore, the active power 
provided from the feeder lines to the load is decreased, 
and as a result the reactive power from the feeder lines 
is decreased. Consequently, the modulation index is in-
creased by the controller system to inject more reactive 
power needed by the load. 

Fig.9. Simulated PF of the grid.

 

 
Fig.10. Simulated delta and modulation index of the 

13-level inverter.

To validate the simulation results, a scaled version of the 
proposed inverter has been built and tested. The power 
rating of the scaled prototype model is 250 W and/or 
VAR, whichis limited by the rating of the semiconductor 
devices. The experimental results serve only as a proof-
of-concept. In order to implement the control strategy and 
to handle the feedback signals, two CLP 1304 ds PACE 
systems have been synchronized. A three-phase PM gen-
erator driven by a variable speed dc motor is used to emu-
late the wind speed change. Fig. 13 shows the test bench 
setup and the 13-level prototype inverter.Fig. 12 shows 
the output voltage of the inverter where theswitching fre-
quency and the values of the LC filter is 2 kHz,5 mH, and 
10 μF, respectively. The efficiency of the inverteris close 
to 0.95. The experimental output voltage THD andcurrent 
TDD is 2.7 and 2.12%, respectively.

 
Fig.12. Output voltage of the proposed 13-level 

inverter.

V. CONCLUSION:

In this paper, the concept of a new multilevel inverter with 
FACTS capability for small-to-mid-size wind installa-
tions is presented. The proposed system demonstrates the 
application of a new inverter with FACTS capability in a 
single unitwithout any additional cost. Replacing the tra-
ditional renewable energy inverters with the proposed in-
verter will eliminate the need of any external STATCOM 
devices to regulate the PF of the grid. Clearly, depending 
on the size of the compensation, multiple inverters may 
be needed to reach the desired PF. This shows a new way 
in which distributed renewable sources can be used to 
provide control and support in distribution systems.
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The proposed controller system adjusts the active pow-
er by changing the power angle (delta) and the reactive 
power is controllable by the modulation index m. The 
simulation results for an13-level inverter are presented in 
MATLAB/Simulink. To validate the simulation results, a 
scaled prototype of the proposed13-level inverter with D-
STATCOM capability is built and tested. Practical results 
show good performance of the proposed control strategy 
even in severe conditions.
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The proposed controller system adjusts the active pow-
er by changing the power angle (delta) and the reactive 
power is controllable by the modulation index m. The 
simulation results for an13-level inverter are presented in 
MATLAB/Simulink. To validate the simulation results, a 
scaled prototype of the proposed13-level inverter with D-
STATCOM capability is built and tested. Practical results 
show good performance of the proposed control strategy 
even in severe conditions.
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