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 This paper will present a reactive power control method for medium voltage 

power grids based on the modular multilevel converter (MMC) structure. In 

particular, the MMC converter applies control algorithms to operate as a  

D-STATCOM device. A proportional–integral (PI) controller combined with 

an improved nearest level modulation (NLM) method performs the system 

control process. The purpose is to create sinusoidal voltage levels on the 

alternating current (AC) side to generate or absorb reactive power according 

to load requirements. This will ensure that the amount of reactive power for 

the load node is always within the allowable value and improve voltage 

quality, increasing the power factor for the load. Verifying and evaluating 

results are performed on MATLAB/Simulink software. 
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1. INTRODUCTION 

Power quality for electrical equipment directly connected to the medium voltage grid is essential. 

However, loads of this type are often affected by many causes, such as phase imbalance, transient incidents, 

or switching processes in the power grid [1]–[4]. Among them, temporary voltage fluctuations are the most 

common causes. In addition, the lack of reactive power supplied to the load also causes electrical equipment 

to operate inefficiently [5], [6]. Therefore, reactive power compensation will become necessary to improve 

the power factor and better voltage regulation [7]. Reactive power compensation devices will supplement the 

required amount of reactive power. The parallel reactive power compensation structure adjusts the reactive 

power at the connection point. This process is done by changing the amplitude and phase angle between the 

voltage on the compensation device and the voltage on the power grid [8], [9], stabilizing the voltage, and 

balancing the load for the phase. Reactive power compensation solutions have been widely researched and 

focused on directions such as two-way compensation, fixed compensation, or flexible compensation using 

synchronous compensators, capacitors, and static var compensator (SVC) [10]–[12]. There have not been 

many studies on using modular multilevel converter (MMC) in reactive power compensation to achieve 

reactive power compensation effects. In this article, we will focus on researching an improved nearest level 

modulation (NLM) modulation method, a control system applied to MMC that operates like a D-STATCOM 

device to compensate reactive power for load nodes of medium voltage power grids. The main goal is to 

https://creativecommons.org/licenses/by-sa/4.0/
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improve the power factor and stabilize the voltage at the load node. The MMC multi-level converter has 

outstanding advantages compared to other multi-level converters because it has a simple structure and can 

work with high voltage ranges and high power [13]. The MMC structure is very suitable for correct power 

compensation for medium voltage loads to adjust the amount of reactive power shortage or excess; this is 

especially important when ensuring the performance of high-capacity motors [14]. In this paper, the control 

process for D-STATCOM is based on the proportional–integral (PI) control method combined with the 

improved NLM modulation method. These methods are simple, easy to apply, and of good quality when 

applied to MMC. The simulation results of the proposed system performed on MATLAB/Simulink software 

have proven the algorithm's effectiveness. 

 

 

2. MODEL OF STATCOM BASED ON THE MMC STRUCTURE 

2.1.  MMC converter structure 

The modular multilevel converter can meet the conversion requirements with large voltage and high 

power [15], [16]. MMC has the advantage of power range expansion and simple configuration [17], and it 

can generate any desired voltage level with good harmonic quality. Only one direct current (DC) voltage 

source is used at the input without transformers and filters, making the structure compact and economical 

[18]. The structure of D-STATCOM based on MMC is shown in Figure 1. In which, Figure 1(a) is the power 

circuit structure of D-STATCOM based on MMC and Figure 1(b) is the diagram of D-STATCOM 

replacement in the grid connection model. 
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Figure 1. Schematic diagram of D-STATCOM based on MMC connect grid (a) power circuit structure of  

D-STATCOM based on MMC and (b) alternative diagram of D-STATCOM in grid connection model 

 

 

In this diagram, each phase of the MMC comprises two branches with the same number of 𝑁 of 

submodules (SMs) connected in series. The alternating current (AC) voltage on each phase is taken at the 

midpoint between the two 𝐿𝑜 reactors of each branch; the resistor 𝑅𝑜 in each branch limits external shock 

currents into the MMC [19]. The MMC's DC input voltage is supplied by a single voltage direct current (𝑉𝐷𝐶) 

source. Each SM will switch at different times from control commands so the converter can achieve high 

efficiency and reduce harmonic distortion [20]. The number of SMs of the MMC converter depends on the 

voltage level requirements on the AC side. Theoretically, the number of SMs can be increased indefinitely to 

meet any requirement for output voltage level on the AC side [21]. The specific working states of SM depend 

on the state of valves 𝑆1, and 𝑆2 and the direction of the current. When the current i in the circuit has a 

positive direction, valve 𝑆1 is ON and valve 𝑆2  is OFF, the voltage on the AC side of the SM is 𝑉𝑆𝑀 = 𝑉𝐶 =
𝑉𝐷𝐶/𝑁. This state is called the SM-inserted state. On the contrary, if valve 𝑆1 is OFF and valve 𝑆2 is ON, the 
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voltage on the AC side of the SM is 𝑉𝑆𝑀 = 0. This state is called the SM bypass state. When the current 𝑖 in 

the circuit has a negative direction. In this case, the inserted state also occurs when valve 𝑆1 is ON and 𝑆2 is 

OFF; The bypass state also occurs when valve 𝑆1  is OFF, and valve 𝑆2  is ON. 

 

2.2.  The operation of MMC follows the improved NLM modulation method 

The improved NLM method is used to generate the number of levels of the output voltage of the 

MMC as 2𝑁 + 1 [22]. Figure 2 illustrates the operating principle of the improved NLM method. This method 

is used to modulate for MMC converter with 10 SMs per valve branch and applied in the D-STATCOM 

model [22]. 
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Figure 2. Principle of the improved NLM method 

 

 

The diagram in Figure 2 uses two sine waves 𝑣𝐿
𝑟𝑒𝑓

 and 𝑣𝐻
𝑟𝑒𝑓

to make the set signals and are created as 

(2). Next, the step waves 𝑣𝐿
𝑠𝑡𝑒𝑝

 and 𝑣𝐻
𝑠𝑡𝑒𝑝

 will be created by the rounding function and are determined as (3). 

Then, we can synthesize the sine wave set 𝑣𝑒
𝑟𝑒𝑓

and the stepped wave 𝑣𝑒
𝑠𝑡𝑒𝑝

 at the AC output in Figure 2, 

equivalent to (4) and (5). Details of the processes are explained as follows: 

The round function determining the number of SMs inserted during the working cycle is expressed as (1): 

 

{
𝑁𝐿 = 𝑟𝑜𝑢𝑛𝑑0.25 {

𝑉𝐷𝐶

2𝑉𝐶
[1 − 𝑚 𝑐𝑜𝑠(𝜔𝑡)]}

𝑁𝐻 = 𝑟𝑜𝑢𝑛𝑑0.25 {
𝑉𝐷𝐶

2𝑉𝐶
[1 + 𝑚 𝑐𝑜𝑠(𝜔𝑡)]}

 (1) 

 

The round function 𝑟𝑜𝑢𝑛𝑑0.25(𝑘) means that the 𝑘 value is rounded to the nearest integer value depending on 

the decimal part of 𝑘. If the decimal part of 𝑘 is more significant than 0.25, then 𝑘 is rounded up to the next 

specified value; otherwise, 𝑘 is rounded down to the previously determined value. The improved NLM 

method analysis considers two time periods from 𝑡1 to 𝑡2, from 𝑡2 to 𝑡3 in Figure 3. The first case is the 

period from 𝑡1 to 𝑡2. Suppose 𝑣𝐿
𝑠𝑡𝑒𝑝

= 𝑀𝑉𝐶, the set value of branch voltage and AC output voltage at 𝑡1 is 

determined according to (2): 

 

{

𝑣𝐿
𝑟𝑒𝑓

= (𝑀 + 0.25)𝑉𝐶

𝑣𝐻
𝑟𝑒𝑓

= [(𝑁 −𝑀 − 1) + 0.75]𝑉𝐶

𝑣𝑒
𝑟𝑒𝑓

= (𝑀 − 0.5𝑁 + 0.25)𝑉𝐶

 (2) 
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According to the rounding function, the step waveform of the branch voltage and AC voltage in the 

first case is determined as (3): 

 

{

𝑣𝐿
𝑠𝑡𝑒𝑝

= 𝑀𝑉𝐶

𝑣𝐻
𝑠𝑡𝑒𝑝

= (𝑁 −𝑀)𝑉𝐶

𝑣𝑒
𝑠𝑡𝑒𝑝

= (𝑀 − 0.5𝑁)𝑉𝐶

 (3) 

 

The second case is from 𝑡2 to 𝑡3. The set value of the branch voltage and AC voltage at 𝑡2 is determined by (4). 

 

{

𝑣𝐿
𝑟𝑒𝑓

= [(𝑀 − 1) + 0.75]𝑉𝐶

𝑣𝐻
𝑟𝑒𝑓

= [(𝑁 −𝑀) + 0.25]𝑉𝐶

𝑣𝑒
𝑟𝑒𝑓

= (𝑀 − 0.5𝑁 − 0.25)𝑉𝐶

 (4) 

 

The stepped waveform of the branch voltage and AC voltage, in this case, is determined: 

 

{

𝑣𝐿
𝑠𝑡𝑒𝑝

= 𝑀𝑉𝐶

𝑣𝐻
𝑠𝑡𝑒𝑝

= (𝑁 −𝑀 + 1)𝑉𝐶

𝑣𝑒
𝑠𝑡𝑒𝑝

= (𝑀 − 0.5𝑁 − 0.5)𝑉𝐶

 (5) 

 

Comparing (3) and (5), it can be seen that the step size in is 0.5 𝑉𝐶. The most significant deviation 

between 𝑣𝑒
𝑟𝑒𝑓

 and 𝑣𝑒
𝑠𝑡𝑒𝑝

 appears during step change (𝑡1, 𝑡2 and 𝑡3). Comparing in (3), (4), and (5), we see that 

the maximum deviation is 0.25 𝑉𝐶. This process will cause the output voltage to have several levels of 2𝑁 + 1, 

as shown in Figure 4. 

 

2.3.  Model of D-STATCOM is based on MMC 

D-STATCOM is based on MMC converters connected in parallel to the distribution grid and can 

adapt to highly variable power sources [23], [24]. This device works like a voltage source to produce an AC 

output voltage from a DC voltage source [25]. When performing control for MMC as a D-STATCOM 

device, this system adjusts the voltage or power at the installed location by changing the amplitude and phase 

angle between the voltage on D-STATCOM and the voltage on the grid node. Then, the current passing 

through D-STATCOM can be slower or faster than the upstream voltage, bringing the voltage at the node to 

its rated value and compensating for the amount of reactive power as required. The central part of  

D-STATCOM is the MMC converter, which converts the voltage source from DC to AC and vice versa 

through control laws. The special feature of this configuration is the quick response to generate or absorb 

reactive power to control the flow of reactive power at the compensated node, preventing flickering of the 

power grid [26]. 

 

 

3. THE OPERATION OF D-STATCOM IS BASED ON MMC 

3.1.  Connection D-STATCOM with power system node 

Figure 1(b) shows the D-STATCOM diagram using an MMC converter parallel to the power grid. 

One end of D-STATCOM is connected to the secondary side of the transformer (when you want to raise the 

voltage value to the appropriate voltage level), and the other is connected to a DC energy storage device. This 

system is often placed at the node to supply power to the load, limiting harmonics in large-capacity motors 

and metallurgical technology. It is also placed in buildings to reduce signal distortion and enhance electrical 

equipment's power quality and operational reliability [25]. 

 

3.2.  Modeling the MMC converter in reactive power compensation mode 

The converter model for grid connection, as shown in Figure 1(a), includes an MMC converter to 

convert electricity from DC to AC; Rf and Lf are the resistance and inductance between the MMC circuit 

board and the grid, 𝑢𝑥 (𝑥 = A, B, C) is denoted as grid voltage, 𝑣𝑥 is the output voltage of the circuit breaker, 

vex is the internal electromotive force of the circuit breaker, 𝑖𝑥 is the output current of the MMC. It has the 

direction from MMC to the grid. When sending energy to the grid, MMC works in inverter mode and 

transfers energy from the DC circuit to the grid. 

Applying Kirhoff's law to the circuit, the equation connecting the output voltage and the elements of 

the MMC is as (6): 
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{
 
 

 
 𝑣𝐴 = 𝑣𝑒𝐴 −

𝑅𝑜

2
𝑖𝐴 −

𝐿𝑜

2

𝑑𝑖𝐴

𝑑𝑡

𝑣𝐵 = 𝑣𝑒𝐵 −
𝑅𝑜

2
𝑖𝐵 −

𝐿𝑜

2

𝑑𝑖𝐵

𝑑𝑡

𝑣𝐶 = 𝑣𝑒𝐶 −
𝑅𝑜

2
𝑖𝐶 −

𝐿𝑜

2

𝑑𝑖𝐶

𝑑𝑡

 (6) 

 

The relationship between the output voltage and the grid voltage through the resistance and inductance of the 

grid is written as (7): 

 

{
 
 

 
 𝑣𝐴 = 𝑢𝐴 + 𝑅𝑓𝑖𝐴 + 𝐿𝑓

𝑑𝑖𝐴

𝑑𝑡

𝑣𝐵 = 𝑢𝐵 + 𝑅𝑓𝑖𝐵 + 𝐿𝑓
𝑑𝑖𝐵

𝑑𝑡

𝑣𝐶 = 𝑢𝐶 + 𝑅𝑓𝑖𝐶 + 𝐿𝑓
𝑑𝑖𝐶

𝑑𝑡

 (7) 

 

From (6) and (7), it is deduced: 

 

{
 
 

 
 𝑣𝑒𝐴 = 𝑢𝐴 + (𝑅𝑓 +

𝑅𝑜

2
)𝑖𝐴 + (𝐿𝑓 +

𝐿𝑜

2
)
𝑑𝑖𝐴

𝑑𝑡

𝑣𝑒𝐵 = 𝑢𝐵 + (𝑅𝑓 +
𝑅𝑜

2
)𝑖𝐵 + (𝐿𝑓 +

𝐿𝑜

2
)
𝑑𝑖𝐵

𝑑𝑡

𝑣𝑒𝐶 = 𝑢𝐶 + (𝑅𝑓 +
𝑅𝑜

2
)𝑖𝐶 + (𝐿𝑓 +

𝐿𝑜

2
)
𝑑𝑖𝐶

𝑑𝑡

 (8) 

 

Set 𝑅 = 𝑅𝑓 +
𝑅𝑜

2
, 𝐿 = 𝐿𝑓 +

𝐿𝑜

2
 in (8) is rewritten as (9). 

 

{
 
 

 
 𝑣𝑒𝐴 = 𝑢𝐴 + 𝑅𝑖𝐴 + 𝐿

𝑑𝑖𝐴

𝑑𝑡

𝑣𝑒𝐵 = 𝑢𝐵 + 𝑅𝑖𝐵 + 𝐿
𝑑𝑖𝐵

𝑑𝑡

𝑣𝑒𝐶 = 𝑢𝐶 + 𝑅𝑖𝐶 + 𝐿
𝑑𝑖𝐶

𝑑𝑡

 (9) 

 

 In (9) is for controller design purposes if the MMC is applied and connected to the power grid to 

compensate for reactive power. Use the transformations of 𝐴𝐵𝐶 coordinates to 0𝑑𝑞 coordinates through 

PARK coordinate transformations like in (10): 

 

{
𝐿
𝑑𝑖𝑑

𝑑𝑡
= −𝑅𝑖𝑑 + 𝜔𝐿𝑖𝑑 − 𝑢𝑑 + 𝑢𝑑

𝐿
𝑑𝑖𝑞

𝑑𝑡
= −𝑅𝑖𝑞 − 𝜔𝐿𝑖𝑞 − 𝑢𝑞 + 𝑢𝑞

 (10) 

 

Active power and reactive power are represented by (11): 

 

{
𝑃 =

3

2
𝑅𝑒{𝑢. 𝑖∗ } =

3

2
(𝑢𝑑𝑖𝑑 + 𝑢𝑞𝑖𝑞)

𝑄 =
3

2
𝐼𝑚{𝑢. 𝑖∗ } =

3

2
(−𝑢𝑑𝑖𝑞 + 𝑢𝑞𝑖𝑑)

 (11) 

 

The relationship of power balance between AC input and DC output is written as (12): 

 

𝑃 =
3

2
(𝑢𝑑 . 𝑖𝑑 + 𝑢𝑞 . 𝑖𝑞) = 𝑉𝐷𝐶 . 𝐼𝐷𝐶  (12) 

 

where 𝑉𝐷𝐶 and 𝐼𝐷𝐶  are the voltage and current on the DC side. 

 

3.3.  Reactive power compensation principle of D-STATCOM 

Active power and reactive power at the power system node in Figure 1(a) are shown in (13). 

 

𝑃1 =
𝑉1𝑉2 𝑠𝑖𝑛 𝛿

𝑋𝐿
; 𝑄1 =

𝑉1(𝑉1−𝑉2cos𝛿)

𝑋𝐿
 (13) 

 

In which 𝑉1 and 𝜃1 are the voltage amplitude and phase angle at the power system node; 𝑉2 and 𝜃2 are the 

voltage amplitude and phase angle of D-STATCOM; δ is the phase difference angle between the grid and the 
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compensator; 𝑋𝐿 is the reactance between the grid and the compensator. From (13), it is seen that reactive 

power can be adjusted by adjusting the amplitude of the AC voltage or the phase angle so that  

D-STATCOM can change the absorption or emission of reactive power. 

The desire of D-STATCOM is only to provide or consume reactive power. If you adjust the phase 

angle, it will affect the current of active power exchange. Therefore, the reactive power is adjusted by 

controlling the phase difference angle of the phases of 𝑉1 and 𝑉2 to zero and simultaneously adjusting the 

voltage amplitude of 𝑉2. Then, in the reactive power compensation operating mode, 𝑉2 is in phase with  

𝑉1 (δ = 0); at the voltage node, only reactive power transmits in (13) becomes (14). 

 

𝑃1 = 0;𝑄1 =
𝑉1(𝑉1−𝑉2)

𝑋𝐿
 (14) 

 

From (14), we see that reactive power Q is proportional to (𝑉1 − 𝑉2). If 𝑉1 > 𝑉2, then 𝑄 > 0 exists a 

voltage component 𝑉12, corresponding to the inductance current IL being out of phase with 𝑉1 and 𝑉2 at an 

angle 𝜋/2. Then, D-STATCOM absorbs reactive power. If 𝑉1 < 𝑉2, then Q < 0, the voltage component 𝑉12 

exists, corresponding to the IC capacitive current being in phase with an angle π/2; the grid will receive 

reactive power from the compensator. Then, D-STATCOM generates reactive power for the grid. If 𝑉1 = 𝑉2, 

then Q = 0, MMC does not absorb or emit reactive power. 

 

 

4. CONTROL SYSTEM FOR STATCOM 

The control design of the MMC converter in D-STATCOM in this section must address issues such 

as applying the D-STATCOM control structure based on NLM modulation for MMC, using loops to control 

the amount of reactive power to be compensated in the 𝑑𝑞 coordinate system to achieve the requirements for 

the power value to be compensated. The design process must ensure instantaneous control of reactive power 

mobilised according to the set amount. The set value of reactive power is calculated instantaneously from the 

difference between the voltage value at the electrical system connection point and the desired reference 

voltage at the output of the MMC. From the analysis of the principle of reactive power compensation above, 

in the active power control system, the active power is always controlled to zero, meaning the controller will 

not exchange active power with the grid. Then, in the control system, only the control circuit emits or absorbs 

reactive power; the process of absorbing and generating reactive power depends on comparing the voltage 

value of the output voltage and the grid voltage. as analyzed in (15). 

 

𝑉 = 𝑉𝑟𝑒𝑓 + 𝑋𝑆𝐼 (15) 

 

In which: 𝑉 is the positive sequence voltage; 𝐼 is the reactive current (𝐼 > 0 is the inductive current,  

𝐼 < 0 is the capacitive current); 𝑋𝑆 is slope resistance. The 𝑉 voltage value is always measured from the 

system and compared with the set voltage 𝑉𝑟𝑒𝑓 . The reactive current will be adjusted within the current value 

range (−𝐼𝑀𝑎𝑥 , 𝐼𝑀𝑎𝑥) when V < 𝑉𝑟𝑒𝑓 , and the controller will increase the voltage 𝑉 to the 𝑉𝑟𝑒𝑓  value. On the 

contrary, when V > 𝑉𝑟𝑒𝑓 , the controller will adjust the system until 𝑉 = 𝑉𝑟𝑒𝑓 . Therefore, a DC-side voltage 

controller is necessary to design reactive power compensation. The relationship between DC voltage and AC 

active power is in the form (16) and (17): 

 

𝑉𝐷𝐶
2 𝐶𝐷𝐶 =

3

2
𝑢𝑑𝑖𝑑 = 𝑃 (16) 

 

𝑖𝑑
𝑟𝑒𝑓

=
3𝑢𝑑

2𝑉𝐷𝐶

1

𝑠𝐶𝐷𝐶
𝑉𝐷𝐶
𝑟𝑒𝑓

 (17) 

 

Figure 3 is the control system structure diagram for D-STATCOM. The system includes two control 

loops: an external control loop to control DC voltage and reactive power; the output of the reactive power 

controller is if current, which is the current perpendicular to a voltage that controls the reactive power flow. 

The output of the DC voltage regulator is the idref current, which is the current in phase with the voltage that 

controls the active power flow. An internal control loop is used to control the current based on the parameters 

provided by the external controller after performing control signals. The controller output value is the amount 

of setting necessary to put into the modulation stage to determine the valve switching state of the MMC. 

Compared to voltage source converter (VSC) compensation structures, this structure is simple to implement 

because it uses linear PI regulators. 
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Figure 3. Structure diagram of D-STATCOM control system based on MMC controller 

 

 

5. SIMULATION AND EVALUATE THE RESULTS 

Simulation parameters for the MMC control system are shown in Table 1. Figure 4 shows the results 

of the MMC switch's AC output current and voltage when operating in reactive power compensation mode, 

in which Figure 4(a) is the current result on three phases on the AC side, Figure 4(b) is the voltage result on 

three phases on the AC side. The results show that the current and voltage have a standard sinusoidal shape, 

abnormal transient phenomena do not appear in the sine wave of current and voltage when the MMC 

operates in normal mode. Figure 5 shows the reactive power response of the power system at the survey time 

from 0 to 0.3 s; the compensated reactive power always tracks to the set value after 0.03 s, this is a very small 

time interval showing very quick response of the controller to stabilize the reactive power value as required. 

Because MMC operates in reactive power compensation mode, the active power supplied to the grid is 

always zero according to a preset amount. Figure 6 shows the d-axis and q-axis current in the dq coordinate 

system. The values of these two currents will correspond to the amount of active power and reactive power of 

the system. The results show that the power of the tracking effect is set to 0, so the d-axis current also has a 

corresponding value of 0. The q-axis current has a negative value corresponding to the value of reactive 

power pumped to the grid. When using MMC to compensate reactive power for the power system, it brings 

certain effects on the stability of the compensated power system, such as a wide reactive power adjustment 

range and quick response to generate power. reactance to control the reactive power flow at the compensated 

node; DC power value is always stable around the rated value in normal operating mode; can prevent grid 

fluctuations caused by a shortage of reactive power, thereby improving the stability and power quality of the 

distribution grid. In particular, it stabilizes the voltage value of the load within the allowable limit to improve 

the life and performance of the machine. In reactive power compensation mode, MMC's parameters and 

technical indicators are guaranteed stable throughout the working process. 

 

 

Table 1. Simulation parameters for the MMC control system 
Simulation parameters Symbol Value 

Load resistance 𝑅 70 Ω 

Load inductance 𝐿 5.10-3 H 

Branch resistors 𝑅𝑜 0,5 Ω 

Branch inductance 𝐿𝑜 4,2.10-3 H 

Capacitor per SM 𝐶 100 F 

DC voltage 𝑉𝐷𝐶 6000 V 

Number of SMs per branch 𝑁 13 SM 

Voltage across capacitor 𝑉𝐶 1000 V 

Fundamental frequency 𝑓 50 Hz 

NLM modulation frequency 𝑓𝑚𝑁𝐿𝑀 300 Hz 

Modulation coefficient 𝑚 0.95 

System capacity 𝑆 500 kVA 
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(a) 

 

 
(b) 

 

Figure 4. Current and voltage responses of D-STATCOM when connected to the power system node in  

(a) current output and (b) voltage output 
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Figure 5. Response of reactive power when MMC compensates reactive power 
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Figure 6. Responses of current on the d-axis and q-axis 
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6. CONCLUSION  

This paper has chosen the NLM modulation method and the operating structure of D-STATCOM 

based on MMC to compensate for reactive power. Issues regarding operating principles and reactive power 

control principles based on MMC converters are analysed, evaluated, and designed. Simulation results of  

D-STATCOM's operations have been presented and objectively evaluated. The results show that the current 

and voltage of D-STATCOM are stable and of quality, which ensures the THD index and control 

requirements. At the same time, the results also reflect the performance quality of the MMC converter based 

on the application of NLM modulation methods to the PI control algorithm proposed for the system's control 

structure. From there, we see that it is possible to flexibly control the amount of reactive power at the power 

grid node to ensure the necessary amount of power and that the node voltage does not exceed the allowable 

value according to actual operating regulations. economics of the power system. 

 

 

REFERENCES 

[1] B. Singh, A. Chandra, and K. Al‐Haddad, Power quality problems and mitigation techniques. Wiley, 2015, doi: 

10.1002/9781118922064. 

[2] A. Nguyen et al., “High PV penetration impacts on five local distribution networks using high resolution solar resource 
assessment with sky imager and quasi-steady state distribution system simulations,” Solar Energy, vol. 132, pp. 221–235, Jul. 

2016, doi: 10.1016/j.solener.2016.03.019. 

[3] R. Jayakrishnan and V. Sruthy, “Fault ride through augmentation of microgrid,” in 2015 International Conference on Technological 
Advancements in Power and Energy (TAP Energy), Jun. 2015, pp. 357–362, doi: 10.1109/TAPENERGY.2015.7229645. 

[4] O. Mrehel and A. A. Issa, “Voltage imbalance investigation in residential LV distribution networks with rooftop PV system,” in 

2022 IEEE 2nd International Maghreb Meeting of the Conference on Sciences and Techniques of Automatic Control and 
Computer Engineering (MI-STA), May 2022, pp. 655–662, doi: 10.1109/MI-STA54861.2022.9837602. 

[5] A. Luo, Z. Shuai, W. Zhu, and Z. J. Shen, “Combined system for harmonic suppression and reactive power compensation,” IEEE 

Transactions on Industrial Electronics, vol. 56, no. 2, pp. 418–428, Feb. 2009, doi: 10.1109/TIE.2008.2008357. 
[6] C. Wen and B. Xiancheng, “Low voltage reactive power compensation of practical technology,” Beijing: China Electric Power 

Press, 2012. 

[7] A. Ansari and S. C. Byalihal, “Resource aware wind farm and D-STATCOM optimal sizing and placement in a distribution power 
system,” International Journal of Electrical and Computer Engineering, vol. 11, no. 6, pp. 4641–4648, Dec. 2021, doi: 

10.11591/ijece.v11i6.pp4641-4648. 

[8] M. M. Almelian et al., “Enhancing the performance of cascaded three-level VSC STATCOM by ANN controller with SVPWM 
integegration,” International Journal of Electrical and Computer Engineering, vol. 9, no. 5, pp. 3880–3890, Oct. 2019,  

doi: 10.11591/ijece.v9i5.pp3880-3890. 

[9] M. M. Ertay, M. Multan Biswas, and H. L. Ginn, “The performance of MMC-DSTATCOM under unbalanced and faulty grid 
conditions in low voltage microgrids,” in 2020 21st International Symposium on Electrical Apparatus & Technologies (SIELA), 

Jun. 2020, pp. 1–4, doi: 10.1109/SIELA49118.2020.9167091. 

[10] X. She, A. Q. Huang, F. Wang, and R. Burgos, “Wind energy system with integrated functions of active power transfer, reactive 
power compensation, and voltage conversion,” IEEE Transactions on Industrial Electronics, vol. 60, no. 10, pp. 4512–4524, Oct. 

2013, doi: 10.1109/TIE.2012.2216245. 

[11] A. Gujar, “Reactive power compensation using shunt capacitors for transmission line loaded above surge impedance,” in 2020 IEEE 
International Conference for Innovation in Technology (INOCON), Nov. 2020, pp. 1–4, doi: 10.1109/INOCON50539.2020.9298284. 

[12] A. Cetin and M. Ermis, “VSC-based D-STATCOM with selective harmonic elimination,” IEEE Transactions on Industry 

Applications, vol. 45, no. 3, pp. 1000–1015, 2009, doi: 10.1109/TIA.2009.2018926. 
[13] J. Chen, D. Jiang, W. Sun, and X. Pei, “Common-mode voltage reduction scheme for MMC with low switching frequency in AC–

DC power conversion system,” IEEE Transactions on Industrial Informatics, vol. 18, no. 1, pp. 278–287, Jan. 2022, doi: 
10.1109/TII.2021.3075224. 

[14] C. N. Jibhakate, M. A. Chaudhari, and M. M. Renge, “Reactive power compensation using induction motor driven by nine switch 

AC-DC-AC converter,” IEEE Access, vol. 6, pp. 1312–1320, 2018, doi: 10.1109/ACCESS.2017.2778291. 
[15] N. M. El-Naggar, M. A. Esmaeel, and S. Abu-Zaid, “Comparative performance of modular with cascaded H-bridge three level 

inverters,” International Journal of Electrical and Computer Engineering, vol. 13, no. 4, pp. 3847–3856, Aug. 2023, doi: 

10.11591/ijece.v13i4.pp3847-3856. 
[16] R. Rodrigues, J. Li, and H. L. Ginn, “A novel frequency domain control method for modular multilevel converters under non-

sinusoidal supply conditions,” in 2017 IEEE Energy Conversion Congress and Exposition (ECCE), Oct. 2017, pp. 1506–1512, 

doi: 10.1109/ECCE.2017.8095969. 
[17] M. N. Raju, J. Sreedevi, R. P Mandi, and K. S. Meera, “Modular multilevel converters technology: a comprehensive study on its 

topologies, modelling, control and applications,” IET Power Electronics, vol. 12, no. 2, pp. 149–169, Feb. 2019, doi: 10.1049/iet-

pel.2018.5734. 
[18] C. Xu, K. Dai, X. Chen, and Y. Kang, “Voltage droop control at point of common coupling with arm current and capacitor 

voltage analysis for distribution static synchronous compensator based on modular multilevel converter,” IET Power Electronics, 

vol. 9, no. 8, pp. 1643–1653, Jun. 2016, doi: 10.1049/iet-pel.2015.0728. 
[19] A. A. and A. K. Parvathy, “Modular multilevel inverter for renewable energy applications,” International Journal of Electrical 

and Computer Engineering, vol. 10, no. 1, pp. 1–14, Feb. 2020, doi: 10.11591/ijece.v10i1.pp1-14. 

[20] J. Wang, H. Li, Z. Yang, and B. Zhang, “Common-mode voltage reduction of modular multilevel converter based on chaotic 
carrier phase shifted sinusoidal pulse width modulation,” in 2020 IEEE International Symposium on Electromagnetic 

Compatibility & Signal/Power Integrity (EMCSI), Jul. 2020, pp. 626–631, doi: 10.1109/EMCSI38923.2020.9191671. 

[21] S. Ji et al., “Impact of submodule voltage sensor noise in 10 kV SiC MOSFET modular multilevel converters (MMCs) under high 
dv/dt environment,” in 2020 IEEE Applied Power Electronics Conference and Exposition (APEC), Mar. 2020, pp. 1089–1093, 

doi: 10.1109/APEC39645.2020.9124578. 

[22] P. Hu and D. Jiang, “A level-increased nearest level modulation method for modular multilevel converters,” IEEE Transactions 
on Power Electronics, vol. 30, no. 4, pp. 1836–1842, Apr. 2015, doi: 10.1109/TPEL.2014.2325875. 



                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 15, No. 2, April 2025: 1463-1472 

1472 

[23] A. Hinda and M. Khiat, “Real-time simulation of static synchronous condenser (STATCOM) for compensation of reactive 

power,” International Journal of Electrical and Computer Engineering, vol. 10, no. 6, pp. 5599–5608, Dec. 2020, doi: 
10.11591/ijece.v10i6.pp5599-5608. 

[24] Z. Liu, B. Liu, S. Duan, and Y. Kang, “A novel DC capacitor voltage balance control method for cascade multilevel STATCOM,” 

IEEE Transactions on Power Electronics, vol. 27, no. 1, pp. 14–27, Jan. 2012, doi: 10.1109/TPEL.2010.2050337. 
[25] W. Rohouma, R. S. Balog, A. A. Peerzada, and M. M. Begovic, “Capacitor-less D-STATCOM for reactive power compensation,” 

in 2018 IEEE 12th International Conference on Compatibility, Power Electronics and Power Engineering (CPE-POWERENG 

2018), Apr. 2018, pp. 1–6, doi: 10.1109/CPE.2018.8372590. 
[26] R. Gupta and A. Ghosh, “Frequency-domain characterization of sliding mode control of an inverter used in DSTATCOM 

application,” IEEE Transactions on Circuits and Systems I: Regular Papers, vol. 53, no. 3, pp. 662–676, Mar. 2006, doi: 

10.1109/TCSI.2005.859053. 
 

 

BIOGRAPHIES OF AUTHORS 
 

 

Tran Hung Cuong     received his engineer (2010), M.Sc. (2013) degrees in 

industrial automation engineering from Hanoi University of Science and Technology, and 

completed Ph.D. degree in 2020 from Hanoi University of Science (HUST). Now, he is a 

lecturer of Faculty of Electrical and Electronic Engineering under ThuyLoi University s 

(TLU). His current interests include power electronic converters, electric motor drive, convert 

electricity from renewable energy sources to the grid, saving energy solutions applied for grid 

and transportation. He can be contacted at email: cuongth@tlu.edu.vn. 

  

 

Nguyen Nhat Tung     received the diploma of Electrical Engineer at Hanoi 

University of Science and Technology in 2005, graduated MS degree (2006) and Ph.D. degree 

(2009) in electrical at Grenoble INP (Grenoble Institute of Technology), G2Elab (Grenoble 

Electrical Engineering Laboratory), France. He has worked at Electricity Power University in 

Hanoi as the head of the department and now he is dean of the Faculty of Electricals and 

Electronics Engineering at Thuyloi University. His interests are electrical power plant, 

electrical network, electrical machines, superconducting materials and applications; renewable 

energy, simulation, and modeling of inverter system. He can be contacted at email: 

tungnn@tlu.edu.vn. 

  

 

An Thi Hoai Thu Anh     received her engineer (1997), M.Sc. (2002) degrees in 

industrial automation engineering from Hanoi University of Science and Technology, and 

completed Ph.D. degree in 2020 from University of Transport and Communications (UTC). 

Now, she is a lecturer of Faculty of Electrical and Electronic Engineering under University of 

Transport and Communications (UTC). Her current interests include power electronic 

converters, electric motor drive, saving energy solutions applied for industry and 

transportation. She can be contacted at email: htanh.ktd@utc.edu.vn. 

 

https://orcid.org/0009-0005-2812-7374
https://www.scopus.com/authid/detail.uri?authorId=57217056034
https://www.webofscience.com/wos/author/search
https://orcid.org/0009-0002-8618-2257
https://scholar.google.com/citations?hl=en&user=KLUO8YUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57220075934
https://orcid.org/0000-0002-2242-1709
https://scholar.google.com/citations?user=gXU02CEAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57203746438

