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Abstract 

Improving the voltage profile of a distribution network under peak load 

condition in this paper an IEEE 9 distribution network is modeled in 

Digsilent Power factory Software. To improve voltage profile at load 

centers considering renewable energy sources such as Photovoltaic (PV) 

systems are installing. Load flow analysis gives the best location of 

placing of PV system. Results shows that the improving the voltage 

profiles and also power profiles with PV system. 

Introduction  

The RES participation in the DG has made the DN more active and complex. Integration of 

DG according to the availability of natural resources, load center location has been a 

challenging task for the researchers. Further the smart grid and RES provide energy efficient 

and less cost system. The optimal location and integration of various RES will make the 

system more stable. New study tools were introduced to investigate the impact of PV 

integration in the grid. A new smart grid lab was introduced which enabled the researchers 

design the smart grid and develop protocols for improvement [1]. 

Due to the nonlinearity of the AC load-flow equations, the existence and uniqueness of the 

solution to the load-flow problem is not guaranteed globally. In fact, it is well known that the 

load-flow problem might have multiple solutions [2].  

Increasing the use of solar photovoltaic (PV) generation in order to decarbonizes the electric 

energy system results in many challenges. Overvoltage is one of the most common problems 

in distribution systems with high penetration of solar PV [3]. 

The organization of this paper is structured as follows: the section II and section III of the 

paper discuss the study of load flow analysis and IEEE9 node test distribution network. In 

section IV explains the results and analysis before and after installation of PV system.  

Methodology 

In distribution network the loads connected are of continuously varying and remains 

unbalanced. The series admittance and simple distribution network is shown in Figure 1 and 

load flow equations are (1) - (2) [4]. 
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Figure 1: Distribution  network model 

xyyxxyxyyxxyxxyxy VVBVVGVGP  sincos2 +−=    1 

xyyxxyxyyxxyxxyxy VVGVVBVBQ  sincos2 −−=    2 

First to solve the load flow for a Distribution Network need to do load flow analysis. A 

simple and most efficient method quasi-dynamic load flow analysis to solve the load flow 

analysis. To analyze the real time performance of a three phase practical distribution network 

an extension of compensation based power flow method was introduced [5-7]. 

In IEEE 9 node distribution network in this work and placing of different loads across the 

distribution network. Loads such as residential, commercial and service loads are taking 

consideration.  

IEEE 9 node test Distribution network  

To analyze the seasonal impact of solar PV integration in the distribution network the 

standard IEEE9 node test distribution network is modified. Fig. 2 shows the modified IEEE 9 

Node Test distribution network taken for integration of PV system. The IEEE 9 test 

distribution network is a practical test system with a source voltage of 440/230 KV. This 

distribution network is a lengthy feeder with heavily loaded condition. The entire network 

consists of over head and underground line system. It is a highly-unbalanced system with 

three phase and single phase laterals. It has only spot loads and no distributed loads. The 

system has an inline distribution transformer with a nominal voltage of 11 KV for a small 

span of the network. It has 6 spot loads out of which 2 loads are constant impedance loads, 2 

loads are constant current loads and 2 loads are PQ loads. 

 

Figure 2: block diagram of IEEE 9 node test distribution network. 

Admittance 

Yij =Gij - jBij 

  Vj ∟θj 
Vi ∟θi 

 

Pij + Qij 
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Results and analysis 

The load flow analysis (LFA) simulations have been performed on the IEEE 9 node 

distribution network. The distribution network is modified to include a solar PV system at 

nodes 5 and node9. This system is supplied by a 3-phase overhead line 110kV/11Kv 

substation. 

 

Figure 3: Simulink diagram IEEE 9 node distribution network DIgSILENT power factory 

circuit. 

Case1. Without PV system in distribution network 

Load flow analysis gives the minimum voltage loss nodes. To provide one day characteristics 

such as voltage profiles and power profiles have been calculated.  

a) Voltage profiles 

IEEE 9 node distribution network at node 5 the voltage profile shows that at peak hours 

drastic fall in voltage have been observed. In figure 4 shows the one day performance  
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Figure 4: voltage profile in KV at node 5. 

b) Power profiles 

 

Figure 5: Active power at load 1 

 

Figure 6: Reactive power at load 1 
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Case2: With PV system in distribution network 

  Placing and selection of PV system by using load flow analysis. In load flow analysis 

gives the best voltage profile and low power loss nodes.  Rating of PV system connected in 

the IEEE 9 node distribution is 2MW, 1.6Mvar, 100KVA system is connected. The load flow 

analysis carried out in the feeder for with and without PV systems and the voltage profiles of 

load for 24 hour load cycle are shown in Figure. 7-Figure 9 

a) Voltage profiles 

 

Figure 7: Voltage profile with PV system at Node5. 

b) Power profiles 

 

Figure 8: Active power profile with PV system at Load1. 
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Figure 9: Reactive power profile with PV system at Load1. 

Conclusion 

In the results shows the one day characteristics of voltage profiles and power profiles with 

and without PV system are shown. Load flow analysis gives the location of renewable energy 

source such as PV system. Placing of PV system near the load centre gives an improvement 

voltage profile at peak load hours and also improved the power profiles across the loads. 

In future work study of different IEEE test feeders need to analyse and installing and placing 

of PV systems to improve voltage profiles and decreasing the power loss across feeders. 

Study of day and monthly (seasonal) is required. 

References 

1. Kersting, W. H. (2018).Distribution system modeling and analysis. (pp. 26-1). CRC 

press. 

2. J. Arkhangelski, M. Abdou-Tankari and G. Lefebvre, "Day-Ahead Optimal Power Flow 

for Efficient Energy Management of Urban Microgrid," in IEEE Transactions on 

Industry Applications, vol. 57, no. 2, (2021), pp. 1285-1293. doi: 

10.1109/TIA.2020.3049117. 

3. Sinsel, S. R., Riemke, R. L., & Hoffmann, V. H. (2020). Challenges and solution 

technologies for the integration of variable renewable energy sources—a 

review. renewable energy, 145, 2271-2285. 

4. Ahmadi, H., Martı, J. R., & von Meier, A. (2016). A linear power flow formulation for 

three-phase distribution systems. IEEE Transactions on Power Systems, 31(6), 5012-

5021. 

5. Awuku, S. A., Bennadji, A., Muhammad-Sukki, F., & Sellami, N. (2022). Public-Private 

Partnership in Ghana's Solar Energy Industry: The History, Current State, Challenges, 

Prospects and Theoretical Perspective. Energy Nexus, 100058. 

doi.org/10.1016/j.nexus.2022.100058 

http://philstat.org.ph/


Vol. 71 No. 4 (2022) 

http://philstat.org.ph 

Mathematical Statistician and Engineering Applications 

  ISSN: 2094-0343 

2326-9865 

8723 

6. Stanelyte, D., Radziukynas, V. (2020). Review of voltage and reactive power control 

algorithms in electrical distribution networks.Energies, 13, 58. 

doi.org/10.3390/en1301005  

7. Das, C. K., Bass, O., Kothapalli, G., Mahmoud, T. S.,Habibi, D. (2018). Overview of 

energy storage systems in distribution networks: Placement, sizing, operation and power 

quality. Renewable and Sustainable Energy Reviews, 91, 1205-1230. 

doi.org/10.1016/j.rser.2018.03.068 

8. Ghatak, U.,Mukherjee, V. (2017). An improved load flow technique based on load 

current injection for modern distribution system. International Journal of Electrical 

Power and Energy Systems, 84, 168-181. doi.org/10.1016/j.ijepes.2016.05.008 

9. Jallu, S. B., Shaik, R. U., Srivastav, R., & Pignatta, G. (2022). Assessing the effect of 

covid-19 lockdown on surface urban heat island for different land use cover types using 

remote sensing. Energy Nexus, 5, 100056. doi.org/10.1016/j.nexus.2022.100056 

10. Rui Yao, Shaowei Huang, Kai Sun, Feng Liu, Xuemin Zhang, Shengwei Mei. "A Multi- 

Timescale Quasi-Dynamic Model for Simulation of Cascading Outages", IEEE 

Transactions on Power Systems, 2016. doi: 10.1109/TPWRS.2015.2466116 

 

http://philstat.org.ph/

