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Abstract: The high R/X ratio (high resistance and low reactance) of the distribution lines, combined with the voltage drop, 

causes significant power loss in the distribution system. Moreover, the loads are also unbalanced in distribution networks 

unlike relatively balanced in transmission network. Better voltage profile, lower losses, and improved efficiency are 

measures of distribution system quality. To meet this expectation, we employ a compensating device in the distribution 

system to investigate voltage deviation and attempt to obtain a flat voltage profile. The aim is to keep the system operating 

smoothly with a better voltage profile at every node. To address these issues, power electronics-based D-FACTS 

(Distribution Flexible AC Transmission System) devices are installed in strategic locations throughout distribution systems 
to improve system performance. In this work a D-STATCOM (Distribution Static Synchronous Compensator) is used as the 

D-FACTS device. 

Keywords – D-STATCOM, PSO, FACTS, Distribution System, Voltage Profile 

I. INTRODUCTION 

Electrical energy is a crucial part of modern life, so it is vital to handle this massive energy with careful caution. 

The current electrical industry is made up of large central power plants connected by high-voltage transmission lines. 

Electricity is generated at generating stations and distributed to load centers. The thermal power plant, nuclear power plant, 

and hydropower plant, in particular, took on the responsibility for supplying this electrical energy. The electricity is then 

distributed to customers. There is a vast network of low and medium voltage distribution lines for this purpose. This 

electrical energy can be employed in a variety of applications including industrial, customer, military, and business. 
Furthermore, the demand for this energy is gradually increasing. As a result, particular parameters must be imposed on the 

control and consumption of this energy. Indeed, electrical equipments are exceedingly delicate and have proven to be less 

tolerant of power disturbances. These disturbances are known as power quality problems. 

Over the last many decades, the transmission and distribution of electrical energy has become a very complicated 

topic. The rapid growth in power transfer and the increasing loads made the power system operation more difficult to 

operate as well security issues are also increased. A distribution system which connects an electrical power system to the 

consumers suffers the most. The power losses because of low voltages are high. Efficiency due to the losses become very 

bad. All these factors affect the overall performance of the system. The problems like undervoltage, overvoltage, sags, and 

swells are more frequent in these systems. Utilities are dealing with an upsurge in customer complaints about the quality of 

power as a result of sags and outages. The most significant reason for this is because consumers in all market sectors, 

residential, commercial, and industrial, have more delicate loads. The growth of digital computers and other electronic 

controls is the primary cause of the problem. Computer controls frequently lose memory, and because the operations they 

govern are usually more sophisticated, restarting them takes much longer. Industries are increasingly relying on automated 

machinery to maximize efficiency in order to maintain their competitiveness.  

II. LITERATURE SURVEY 

Various researchers carried out their work in the field of improvement of voltage quality in distribution systems. 

[1] defined the quality of electric power and pointed out the common types of defects. He also categorized these defects 

into various categories and the seriousness of their impacts on consumer utilities. The impact of Power Quality related 

problems in computers was figured out in [2]. Hingorani in his paper [3] presented a discussion on the role of power 
electronics in electric utilities or role of power electronics in future power systems. [4] investigated the different types of 

voltage sags observed by customers in industrial distribution systems. The impact of induction motor load on voltage sag 

characterization was highlighted in particular. [5] proposed a novel method by formulating an algorithm to reconfigure 

distribution networks for loss minimization. A load-flow solution for imbalanced radial distribution networks was 

proposed in [6] in which the matrix was formed using the Jacobian matrix construction algorithm. [7] created a method by 

applying basic network analysis techniques and mutual interaction between phases to create a network model. A new 

method to find the optimal location and capability of FACTS devices based on sensitivity analysis and Extended Equal 

Area Criterion is presented in [8]. [9] proposed a novel sag detection algorithm for a line interactive single-phase DVR. A 

work in which the suitable location of capacitors was obtained based on the index vector technique and loss sensitivity 

method discussed in [10]. [11] introduced the D-STATCOM allocation in the distribution system for loss minimization 
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using DE (Differential Evolution) Algorithm. [12] provided a gravitational search algorithm (GSA) for the problem of 

reactive power dispatch (RPD). A PSO-based method was proposed in [13] for DG and D-STATCOM placement and 

sizing in Radial Distribution Systems for three different test systems. [14] suggested a new technique for optimal location 

of D-STATCOM in distribution system with realistic ZIP load and probabilistic ZIP model. [15] proposed shunt 

compensators to improve bidirectional power-flow balancing and electric power quality in a microgrid with imbalanced 
distributed generators and loads. A hybrid optimization approach was proposed in [16] which is a combination of PSO and 

GAMS to find an optimal placement and sizing of D-STATCOM. [17] presented an improved Backward Forward Sweep 

power flow method which was flexible with network topology changes, proposed method was easy to implement and not 

require any complex calculations, the only calculations were solving linear equations of Kirchhoff’s formulation. Most of 

the methods presented by the researchers are limited to transmission system or meshed distribution systems. But in 

practical the distribution systems are radial in nature. The calculation of power losses which is the ultimate goal of any 

power system algorithm is also an area of to explore. 

III. MATERIALS AND METHODS 

The primary goal of power distribution systems is to supply their consumers with an uninterrupted energy supply 

with constant magnitude of sinusoidal voltage and frequency. Modern industrial and process equipment that operates at 

good efficiency need high quality power to function properly. Failure to provide required quality electricity might result in 

complete shutdown of industries, resulting in significant financial loss to the industry involved. In practice, power systems, 

particularly distribution systems, have a large number of nonlinear loads that cause power quality issues such as voltage 

sag and swell, flicker, harmonics, distortion, impulse transients, and interruptions. When considering industrial equipment, 

voltage sags or dips are deemed to be the most important aggravating factors. Some industrial loads are so sensitive that 

they cannot tolerate even minor voltage variations.  

To overcome these problems compensating devices have been introduced. The devices used in compensation are 

generally of three types- series, shunt and hybrid (combination of series and shunt). In past capacitor and inductor based 

filters were used for compensation but after the inception of power electronics controllers, modern devices known as 
custom power devices are used for compensation in distribution networks. Various types of custom power devices are in 

practice but here D-STATCOM is used for the voltage profile improvement. 

A. D-STATCOM 

D-STATCOM stands for distribution static synchronous compensator. D-STATCOM technology is now mature 
enough to provide reactive power compensation, load balancing, and/or neutral current and harmonic current compensation 

(as needed) in alternating current distribution networks. D-STATCOM is a shunt device which can inject and absorb real 

or reactive power at the bus, eliminating voltage sag. It is a voltage source inverter with a DC energy storage device or 

sometimes a DC link capacitor to provide continuous DC-link voltage and a coupling transformer to connect to the 

distribution network.  

 

Figure 1: Block diagram of a D-STATCOM 

B. Modeling of D-STATCOM 

D-STATCOM's mathematical modelling is represented in this section. The most of distribution systems are radial 

in nature, with electrical power supplied from a single side. Fig. 2 shows the installation of D-STATCOM at bus ‘m+1’. 

Here line resistance and line reactance between the buses ‘m’ and ‘m+1’ is represented by ‘rm’ and ‘xm’ respectively. The 

local loads connected at bus ‘m’ and ‘m+1’ are represented by ‘pm + jqm’ and ‘pm+1 + jqm+1’ respectively. Similarly, Vm and 

Vm+1 are the voltages at the buses ‘m’ and ‘m+1’ respectively. 

Voltages at the buses in a standard radial system are typically less than 1 pu. Because the voltage on bus 'm + 1' is 

believed to be less than 1 pu, D-STATCOM is placed on this bus to optimize the voltage profile. 
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Figure 2: Single Line Diagram of Two Buses with D-STATCOM Consideration 

C. Optimal Location of D-STATCOM 

The objectives of calculating the optimal location of D-STATCOM are to reduce overall network losses and 

improve the distribution network's voltage profile. After installing D-STATCOM, the voltages on all buses should be 

within the permissible deviation range, which is 0.95 pu to 1.05 pu. For the placement of D-STATCOM, all operational 

and system constraints must be examined and verified. The optimal placement of D-STATCOM is determined by the 

permissible range of voltage deviation as well as the overall system losses. As a result, the objective function (F) can be 

written as given in [18], 

 

𝑚𝑖𝑛{𝐹1} = (
𝑃𝑙𝑜𝑠𝑠
′

𝑃𝑙𝑜𝑠𝑠
) ∗ (0.01) + [∑{(𝑉𝑚 −𝑉𝑚𝑖𝑛)

2 + (𝑉𝑚 −𝑉𝑚𝑎𝑥)
2}

𝑛𝑏

𝑚=1

] 

                                                                      ..…(1) 

where, 

Ploss
′ = Net real power loss of the system after D-STATCOM installation, 

Ploss= Net real power loss of the system without D-STATCOM, 

Vmin= Minimum permissible limit of voltage i.e. 0.95 pu,  

Vmax= Maximum permissible limit of voltage i.e. 1.05pu. 

D. Required Amount of Reactive Power Injection 

The objective function (F2) can be expressed as below: 

∑{∆V2} = min{(V0 − V1)
2 + (V0 − V2)

2 + (V0 − V3)
2……+ (V0 − Vn)

2} 

                                                                        …..(2) 

where, V0 = 1 initial guess of Voltage. 

We will choose an initial guess value of the unknown quantities. These initial guess values will help in making a 

flat start meaning that we assume that the initial guess for all these bus voltages or node voltages are 1 pu and the angles 

are 0. 

To find the optimal solution: 

 Plot the objective function (F2) (in primary vertical axis) with reactive power in horizontal axis. 

 Plot the values of minimum and maximum voltage profile in secondary vertical axis vs reactive power in 

horizontal axis. 

 Trace the minimum value of objective function. 

 The minimum and maximum values corresponding to the minimum vale of objective function will be the optimal 

solution. 

 Note down that value and plot the voltage profile vs bus number curve and compare it with base case. 
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IV. RESULTS AND DISCUSSION 

A standard IEEE 33-bus radial distribution system is being taken into consideration for this in research work. The 

base voltage of the given system is 12.66 kV and base MVA is 10 MVA. The data used in this work is given in [10].  

Installation of D-STATCOM 

A. Single D-STATCOM Installation 

The best location for the placement of D-STATCOM is the bus at which equation (2) gives minimum value. 

Objective Function (F1) has minimum value at bus number 30 i.e. 0.217513. The size obtained is 1125 kVAr. The injection 

started from 90 kVAr because the real load at the minimum voltage bus is 90 kW. The injected kVAr is increased by the 

steps of multiple of 10. 

Table 1: Results Analysis After Single D-STATCOM Installation 

Description Base 

Case 

Case 

1 

Case 

2 

Case 

3 

Case 

4 

Case 

5 

Case 

6 

Injected kVAr 
-- 90 100 120 150 190 240 

Minimum voltage profile 

(pu) 
0.9040 0.9154 0.9252 0.9337 0.9410 0.9472 0.9523 

Maximum voltage profile 

(pu) 
1.00 1.00 1.00 1.00 1.0156 1.0343 1.0500 

Objective function (F2) 0.1336 0.0880 0.0582 0.0401 0.0307 0.0296 0.0277 

Undervoltage buses 
21 15 10 9 6 3 0 

Overvoltage buses 0 0 0 0 0 0 0 

 

Figure 3: Q-V Curve with Single D-STATCOM with 

Objective Function Consideration 

 

Figure 4: Comparison of All Cases with the Base Case 

(Single D-STATCOM) 

 

B. Multiple D-STATCOM Installation 

The installation of single D-STATCOM gives some improvement in voltage profile from the base case. This 

section represents the results obtained after installation of multiple (two D-STATCOMs) at the two buses having least 

value of objective function F2. The best location second D-STATCOM as obtained by equation (1) is 12th bus because the 

value of F2 is second lowest at that bus. The best location of D-STATCOM placement = 30, 12 and Optimal Size of D-

STATCOM = 956 kVAr (30), 382 kVAr (12). 
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Table 2: Results Analysis after Multiple D-STATCOM Installation 

Description Base 

Case 
Case 1 Case 2 Case 3 

Case 4 

(optimal 

case) 

Injected kVAr 
-- 90 100 120 150 

Minimum voltage profile 

(pu) 
0.9040 0.9268 0.9474 0.9661 0.9780 

Maximum voltage profile 

(pu) 
1.00 1.00 1.00 1.00 1.0152 

Objective function (F2) 
0.13362 0.07083 0.03199 0.01105 0.00369 

Undervoltage buses 21 14 3 0 0 

Overvoltage buses 0 0 0 0 0 

 

 

Figure 5: Q-V Curve with Multiple D-STATCOM with 

Objective Function Consideration 

 

 

Figure 6: Comparison of All Cases with the Base Case 

(Multiple D-STATCOM)

Table 3: Comparison of Power Losses 

 

 

 

 

 

 

 

 

 

 
Figure 7: Total Real and Reactive Power Losses in Different Cases 

Description Base Case 
With Single  

D-STATCOM 

With Multiple  

D-STATCOM 

Total Real Power Loss (kW) 210.9761 151.1165 130.6184 

Total Reactive Power Loss (kVAr) 143.0171 103.6131 90.0618 
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The minimum voltage profile is improved by 5.4 % from the base case in single D-STATCOM case whereas 

8.18% in the multiple D_STATCOM case. The real power losses will almost be reduced by more than one fourth (28.37%) 

in the case of single D-STATCOM and more than one third (38.09%) in multiple D-STATCOMs. The reactive power 

losses will also be reduced (here 27.55% and 37.02 % in single and multiple case respectively). 

V. CONCLUSION 

The active distribution networks and microgrids are extremely important research topics for investigation 

nowadays. Since The voltage level in distribution systems is low, so any distortion in this can lead to increase in power 

losses. In order to improve the voltage profile of the system, here a compensating device is employed at the consumer end. 

With the help of some methodologies its impact on system performance is deeply investigated and discussed. The voltage 
level is improved in the case of single D-STATCOM case by a considerable amount but still some room for improvement. 

The multiple D-STATCOM allocation have also been allocated optimally to compensate the reactive power in the 

distribution system. So, this approach of installing multiple D-STATCOMs (two in this work) is the best approach to be 

opted for the compensation. Although, both the D-STATCOMs can be installed at a single location, but in that case the 

maximum permissible limit will be violated. Therefore, we have to install the D-STATCOM at two different locations. The 

ultimate goal of any load flow analysis is the reduction in losses. After installing the D-STATCOM in the system, the 

voltage is improved to a certain limit due to this the value of current will be low so as the power losses.  
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