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Abstract:  

The increasing need for enhanced power quality drives modern industry. In the last ten 

years, there has been a significant rise in consumer awareness regarding dependable 

power sources. As a result, the growth of small distributed generation (DG) has 

accelerated. These small, independent DG units can effectively meet local energy 

demands, improving power reliability at a low initial cost. Such systems are becoming 

increasingly essential in remote areas where the installation of overhead lines or cables 

is either too costly or impractical due to various factors. Small generation systems can 

be efficiently deployed in mountainous regions, rural areas, islands, marine facilities, 

aircraft, and other locations, including in developing countries. However, it is important 

to note that these DG units may need to be de-rated if induction motor loads are 

engaged immediately. A useful strategy to optimize the overall production capacity of 

the system is to integrate a DSTATCOM in a shunt configuration with the main system. 

The voltage source converter (VSC) generates the necessary inductive and capacitive 

reactive power for the DSTATCOM internally. Its rapid response capability can provide 

suitable reactive power compensation to the connected system. 

Prior to the introduction of DSTATCOM, reactive power compensation was primarily 

achieved through thyristor-based systems, which were employed to mitigate voltage 

flicker caused by arc furnace loads. However, due to the inherent limitations of passive 

devices—such as fixed compensation, physical size, and susceptibility to resonance—

there has been a growing reliance on advanced compensators like DSTATCOM to 

effectively tackle these power quality challenges. DSTATCOM serves as a viable 

solution for addressing power quality issues related to flickers, voltage swells, and dips. 

Its primary function is to manage voltage levels at the point of common coupling (PCC) 

to prevent significant voltage drops. 

Keywords: Distributed generation, effects, solar power, DSTATCOM. 

 

I. INTRODUCTION 

In today's context, distributed generation has become a focal point for researchers and engineers due 

to its advantages, particularly as traditional energy sources disrupt ecological balance and pose health 

risks through their byproducts, such as fly ash [1]. To address the adverse effects on the environment, 
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it is essential to investigate these finite non-renewable resources. Distributed generation technology 

provides several advantages: 

1. It supports voltage stability and improves power quality while generating minimal pollution 

and can be deployed at any preferred location [2]. 

2. It does not disrupt ecological balance [3]. 

3. It enhances the reliability of the utility system [4]. 

4. It can be installed based on production capacity requirements [5]. 

5. It reduces losses [6]. 

However, despite its numerous benefits, distributed generation also presents certain limitations for 

the distribution network: 

1. It can disrupt stability [7]. 

2. It may negatively impact system performance [8]. 

3. It can shorten the lifespan of connected devices [9]. 

4. It tends to increase power losses [10]. 

When distributed generation (DG) is integrated into the distribution network, its effects are 

intensified. The primary drawback of this system is its significant unreliability and susceptibility to 

noise interference [7]. A radial distribution network functions as a power plant, consisting of a 

central power generation facility that delivers energy to remote substations and ultimately to 

consumers. The incorporation of a relatively large capacity DG into a weak distribution network may 

lead to an increase in voltage, especially during periods of low demand [6]. As the capacity of DG 

installations rises, their influence on the behavior of the power system will become more 

pronounced, necessitating comprehensive dynamic analysis and simulations to ensure the reliable 

operation of the power system with substantial DG integration [3]. Presently, the effects of DG on 

electric utilities are generally evaluated in planning studies through traditional power flow 

calculations, which is a reasonable approach given that the penetration levels of DG remain relatively 

low [5]. In this regard, further research has been undertaken to enhance the field, particularly to 

mitigate the impacts of DG. As outlined in various studies, several techniques have been utilized, 

including optimal power flow methods, particle swarm optimization, ant colony optimization, 

genetic algorithms, and Monte Carlo simulation methods [2], [4], [8]. This paper employs 

MATLAB's Power System Analysis Tool (PSAT) to model the IEEE 30 bus test network [10]. 

The primary focus of this study is the 11kV 100MVA radial distribution network. Buses 29 and 30 

have been linked to wind-dispersed generators with capacities of 68 MVA at 11kV and 50 MVA at 

11kV, respectively, due to their heightened sensitivity. This section provides a brief introduction to 

distributed generation, along with a comprehensive overview of the work completed. The 

methodology section outlines the application of the proposed approach for analyzing an IEEE-30 bus 

network. The results section presents the comparative performance of the network and the 

positioning of distributed generation. 
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II. METHODOLOGY 

The IEEE-30 bus network with distributed generation (DG) connected, as shown in Fig. 2, and the 

IEEE-30 bus network without DG, illustrated in Fig. 1, were analyzed using the PSAT 2.1.7 

software. The PSAT includes several analytical tools:  

1. Continuation power flow.  

2. Optimal power flow. 

 3. Time domain analysis.  

4. Small signal stability analysis.  

The PSAT library encompasses transmission lines, buses, transformers, wind distributed generation, 

FACT devices, and various other static and dynamic components for power flow analysis. 

 

Figure 1. IEEE-30 bus network without DG connected 

 

Figure 2. IEEE-30 bus network with DG connected 
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To identify the optimal placement for distributed generation, it is essential to consider its impact on 

feeder losses. By strategically positioning distributed generation units, losses can be minimized, akin 

to the placement of capacitor banks for loss reduction. The key difference lies in the fact that 

distributed generation units influence both reactive and real power flows, whereas capacitors only 

affect reactive power. While some inverter technologies can provide reactive compensation, most 

generators typically operate within a power factor range of 0.85 lagging to 1.0. The most suitable 

connection point for distributed generation is at the weakest node, where the highest voltage drop 

occurs. Although connections can be made at buses 26 and 29 if required, our analysis indicates that 

bus 30 is the weakest bus in this context. 

III. RESULTS AND DISCUSSION 

This section discusses the outcomes of the continuation power flow simulation for the IEEE-30 bus 

system under two scenarios: without Distributed Generation (DG) and with DG connected at Buses 

29 and 30. 

A. Power Flow Results without DG 

The continuation power flow analysis for the base system, without DG, yields the results shown in 

Table I. 

Table I. Power Flow Result without DG Connected 

Bus Q Load [p. u.] Bus Q Load [p. u.] 

1 0.00000 16 0.05914 

2 0.41728 17 0.19057 

3 0.03943 18 0.02957 

4 0.05257 19 0.11171 

5 0.62428 20 0.02300 

6 0.00000 21 0.36800 

7 0.35814 22 0.00000 

8 0.98571 23 0.05257 

9 0.00000 24 0.20274 

10 -0.04854 25 0.00000 

11 0.00000 26 0.07557 

12 0.24643 27 0.00000 

13 0.00000 28 0.00000 

14 0.05257 29 0.02957 

15 0.08214 30 0.06243 
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B. Power Flow Results with DG Connected 

When wind-based DGs are added at Buses 29 (68 MVA) and 30 (50 MVA), the system behavior 

changes marginally, as seen in Table II. 

Table II. Power Flow Result with DG Connected 

Bus Q Load [p. u.] Bus Q Load [p.u.] 

1 0.00000 16 0.05913 

2 0.41718 17 0.19052 

3 0.03942 18 0.02956 

4 0.05256 19 0.11169 

5 0.62412 20 0.02299 

6 0.00000 21 0.36790 

7 0.35805 22 0.00000 

8 0.98546 23 0.05256 

9 0.00000 24 0.20271 

10 -0.04850 25 0.00000 

11 0.00000 26 0.07555 

12 0.24636 27 0.00000 

13 0.00000 28 0.00000 

14 0.05256 29 0.02956 

15 0.08212 30 0.06241 

 

C. Summary of Load Flow Simulations 

Metric Without DG With DG Difference 

Total Generation (P) 13.9588 13.9605 +0.0017 

Total Generation (Q) 20.1380 20.1497 +0.0117 

Total Load (P) 9.3117 9.3093 -0.0024 

Total Load (Q) 4.0149 4.0139 -0.0010 

Total Losses (P) 4.6471 4.6512 +0.0041 

Total Losses (Q) 16.1231 16.1358 +0.0127 
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While DG integration helps support local loads and slightly reduces the burden on the main grid, the 

results show a marginal increase in overall power losses. This could be attributed to reactive power 

mismatch and sub-optimal DG placement. 

D. Reactive Power Loss Comparison 

 

Figure 3. Comparison of Reactive power loss with and without DG 

Figure 3 showing the comparison of total reactive power losses with and without DG connected. The 

difference is slight, highlighting that while DG supports local demands, it may cause small 

inefficiencies if not optimally controlled or placed. 

 

Figure 4. Bus wise reactive Power load comparison 

Figure 4, which compares the reactive power load at each bus with and without distributed 

generation (DG). As shown, the differences are minimal but noticeable at select buses—especially 

those connected to DG (e.g., Bus 29 and Bus 30). 

IV. CONCLUSION 

A radial distribution network has been employed to examine the impact of distributed generation 

(DG) on the IEEE-30 bus system. This research involved the incorporation of wind-based DG units 

at Buses 29 and 30, with capacities of 68 MVA and 50 MVA at 11kV, respectively, into an 11kV 

100 MVA distribution network. The evaluation of reactive power loads, as illustrated in Table I and 

Figure 3, indicates that the integration of DG influences the reactive power equilibrium of the 

network. While DG contributes additional local generation and enhances voltage profiles, it also 
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causes fluctuations in reactive power flow, resulting in a slight increase in reactive power losses as 

evidenced by the simulation outcomes. These alterations, although minor, emphasize the sensitivity 

of network stability and the critical nature of strategic DG placement. Moreover, pinpointing the 

weakest nodes—those exhibiting considerable load or reactive imbalance—offers a strategy for 

optimal DG placement. For instance, Bus 30 displays traits of a weak node, rendering it an 

appropriate candidate for DG connection. This focused integration enhances localized reliability and 

voltage support but necessitates meticulous power flow analysis to prevent negative impacts on the 

overall system. Consequently, the incorporation of DG has a profound effect on network stability and 

overall reliability, underscoring the necessity for dynamic assessment tools and optimal placement 

strategies to guarantee the effective use of distributed resources. 
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