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Abstract - This paper reports on the impact of PV farm location in Low-Voltage 
Distribution Networks (LVDNs) in terms of power loss and voltage profile.  
Simulation results from a five node or bus radial network within the Power Systems 

Computer Aided Design (PSCAD) software, successfully demonstrate the effect of the solar 
farm interface at different network buses on the degree of power loss and voltage variation 
under three load power sizes, namely 5%, 50% and 100% of the rated power. The results 
also suggest that the generators’ phase angle, point of coupling location, inverters and 
associated converters switching algorithms have great influence on the aforementioned 
issues. Furthermore, the injected power by the PV farm at the load side will decrease the 
power demand from the substation. This in turn leads to the loss reduction and voltage 
profile improvement within the network. However, if the PV farm power generation is more 
than the load demand, some power may flow towards the substation. Consequently, a 
voltage rise can be expected along the distribution network. The rise of the voltage limits 
the amount of penetration level that can be installed in the distribution networks. 
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     INTRODUCTION 

Fossil fuel resources, due to their harmful emissions, pollution and high 
losses in low voltage lines, are putting great pressure on the power 
industry [1-2]. Although solar PVs generate clean power, their integration 
faces problems as their output power depends on strength of the sun 
irradiance [3]. Also, the excessive penetration of PV generation units will 
have negative impact on LVDNs behaviour [2]. Distribution networks 
may be considered as bidirectional systems due to the reversing power 
flow from the excessive connection of PVs [4] which will lead to an 
overvoltage challenge that occurs at the point of common coupling (PCC) 
[5]. Furthermore, solar irradiance may cause overloading on the 
components of distribution networks [6]. This may lead to an imbalanced 
condition between the generation and demand units [7]. All these will 
have an impact on the overall network performance, such as stability and 
efficiency [8], power quality [9], frequency oscillation [3] and 
subsequently the system inertia [10]. 
Recently Mahmud et al [11] and Samadi et al [12] have reported that 
small or medium-sized PV generation has the benefits of cleanliness and 
high efficiency.  
In general, the grid-integration of large-scale PV farms has altered the 
operating characteristics of the traditional distribution network. For 
example, from unidirectional power flow to bidirectional power flow, 
from power sources only at the generation or substation side to power 
sources at both the generation and the load sides [13]. It has been reported 
[14]– [17] that as the location of PV farms has an impact on the network 
power losses and voltage fluctuations of the distribution network, 
obtaining the optimum location of the PV farms interface to the grid still 
requires further attention. 
 
 

The aim of this study is to initially investigate the impact of PV farm 
location in a five-bus Low-Voltage Distribution Network (LVDNs) using 
Power Systems Computer Aided Design (PSCAD) software in terms of 
characteristics of the power flow, voltage profile and power loss under 
various test scenarios. Then to further strengthen the findings reported 
earlier.  

CIRCUIT TOPOLOGY AND MEASUREMENT   

Figure 1 shows a typical radial distribution network. Here the location of 
a PV farm can be varied by placing its equivalent generator at various 
buses. The active and reactive power, voltage fluctuation and its phase 
shift can be measured at each bus. The drop in the voltage and the power 
loss can be obtained by comparing the measured parameter with its 
corresponding neighbouring bus parameter.  

 

Figure 6 represents single line diagram of a typical five bus or node distribution 
network 
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I.  PO WER FLO W BETWEEN PV FARM AND GRID 

The PV farm power is transferred to the grid through a  
three-phase inverter that provides active power to the load 
and at the same time delivers reactive power to the grid  for 
the provision of grid voltage support. 
Fig. 2  shows an  equivalent  impedance circuit that exists 
between the PV farm inverter and the grid.  Th e active 
power and reactive power injected to the grid are expressed 
as: 
 
𝑃 = 1

𝑍
([(𝑉1𝑉2 cosɸ−𝑉12) cos𝜃 +𝑉1𝑉2 sinɸsin𝜃] )    

      (1) 
𝑄 = 1

𝑍
([(𝑉1𝑉2 cosɸ− 𝑉12) sin𝜃 − 𝑉1𝑉2 sinɸcos𝜃] )    

      (2) 
 
where V1 is the voltage of the distribution grid, V2  is the 
voltage of the Voltage Source Inverter (VSI), and ɸ is the 
phase angle between V1  and V2. 
If the line impedance is considered more inductive (X≫R ), 
then R is neglected  and the above equations are expressed 
as: 
 
𝑃 = 𝑉1𝑉2

𝑋
𝑠𝑖𝑛ɸ                                                                     (3) 

𝑄 = 𝑉1𝑉2𝑐𝑜𝑠ɸ−𝑉12

𝑋
                                                                  (4) 

 
 Figure 2 Power flow between the grid (V1) and PV generator (V2) 

 

II.  PSCAD CIRCUIT CONSTRUCTION 

For steady state and transient state analysis, a simplified 
model of a radial  distribution system with PV farm 
integration constructed in PSCAD is shown in Fig. 3.   

 

 

 

 

 

 

Figure 3 Simple model of radial distribution system with PV farm integration

The 415 volts generator with a resistance of 1 m Ω is a star 
connected three phase model . T he 10 MW (rated load 
power) delta connected resistive load receives power from 
the generator via three series connected transmission line s 
each with a length of 71  meters. Each three-phase line is 
divided into two sections to facilitate the  fault analysis 
studies at various points al ong the lines . The PV farm, 
which is composed of solar panels, a three-phase inverter 

and a LCL filter , is connected to each bus via a three-phase, 
one to one (Np = Ns) transformer. The connection of the PV 
farm to each bus , forms a scenario. At each scenario, the 
angle of the grid’s generator is changed to observe the 
characteristics of power flow (P and Q known as active and 
reactive power respectively) , the voltage magnitude  in 
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switches with 3 generated controlled switching signals with 
phase shift of   0o, 120 o and 240 o respectively. The LCL 
filter consist s of 2 inductors of 200 uH each and a capacitor 
of 80 mF. For the purposes of PV farm output interface with 
the grid, the phase difference between the inverter and the 
main generator is kept at zero , as shown in Fig. 4.  

 

Figure 4 Three phase inverter phase test with generator  

For connection of the PV farm to each bus to form 
scenarios, five  circuit breakers  are employed  to operate in 
sequence (see Fig. 3) . The  first circuit breaker  “CB1”  
injects PV farm output power into bus 1 from 0.5 to 0.6s , 
CB2 injects  PV farm output power  into bus 2  from 1.5 to 
1.6s and then CB3 injects  PV farm output power into bus3 
from 2.5 to 2.6s, CB4 injects  PV farm output power into bus 
4 from 3.5 to 3.6s and finally CB5 injects  PV farm output 
power into bus 5 from 4.5 to 4.6s . To validate the  PSCAD 
simulation results  for the resistive loads ( cos ∅ = 1) the 
following equations are used: 

𝑃 =  3 × 𝑉𝐿 × 𝐼 × cos∅                                         (5) 

𝑃 = 𝐼2  × 𝑅                  (I=ILine=Iphase)                                  (6) 

𝑅 =  𝑉  (𝑝ℎ𝑎𝑠𝑒 )

𝐼
                                                        (7) 

 
The three different , three-phase resistive load size s are 10 
MW (100%  rated power), 5 MW (50%  rated power) and 
500 KW (5%  rated power ) which draw three different  
currents that affects the power loss, the bus voltage and the 
angle  magnitude within  the grid . 

I.  RESULTS AND DISCUSSION 

The reference voltage at each bus and the reference power 
loss between the two successive buses are measured when 
no PV farm is connected to the grid. Further measurement 
is performed  at various points within the network of Fig. 1 
or Fig. 3 following the test procedures mentioned earlier for 
the formation of various scenarios. As an example, figure 5 
shows the per unit value of the bus 3 voltage under different 
scenarios.  

 
Figure 5 shows the per unit voltage of Bus 3 (V3) when the 

output of the PV Inverter  (VGPV) connected to various buses  

Table 1 shows the per unit voltage of various Buses when 
the output of the PV Inverter (VGPV) is connected to 
various buses under a 50% load condition.  

Table 1 the sequence effect of PV output ( VGPV) interface to 
various buses under a 50% load condition

 

Furthermore, the results shown in table  1 are represented by 
bar chart s and line  graphs for ease of analysis and 
discussion.  

Figures 6 shows the bar chart per unit of the bus voltages 
for the scenarios discussed in table 1 for three different 
resistive load sizes , namely: (a) 10 MW (100%  rated 
power), (b) 5 MW (50%  rated power) and (c) 500 KW (5%  
rated power).  
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Figures 6 Bar chart per unit representation of the bus voltages 
for the scenarios discussed in table 1 for three different resistive 
load sizes namely: (a) 10 MW (100%), (b) 5 MW (50%) and (c) 

500 KW (5%). 
The corresponding lined graphs representation of bar charts 
are shown in Fig. 7.   

 

 

Figures 7 Line graphs per unit representation of the bus voltages 
for the scenarios discussed in table 1 for three different resistive 
load sizes namely: (a) 10 MW (100%), (b) 5 MW (50%) and (c) 

500 KW (5%). 
Tentative analysis of the presented results reveals that in the 
absence of PV farm interface with the grid, a significant loss 
appears across the grid. This is especially pronounced at the 
load side where the load bus voltage is close to zer o. 
However, l ess loss is observed when the PV farm is 
connected to Bus 3 or Bus 4. However, this difference is 
significant at 500 KW (5%) resistive load.   

Figure 8 and figure 9 depict the Bar chart and the line graphs 
KW representation of the power loss respectively  for the 
scenarios discussed in table 1 under three different resistive 
load sizes , namely: (a) 10 MW (100%), (b) 5 MW (50%) 
and (c) 500 KW (5%).   
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Figure 10 shows the bar charts in MVAr representation of the 

reactive power loss for the scenarios discussed in table 1 under 
three different resistive load sizes namely: (a ) 10 MW (100%), 

(b) 5 MW (50%) and (c) 500 KW (5%). 
 

  

   

 
Figure 11 shows the line graph in MVAr representation of the 

reactive power loss for the scenarios discussed in table 1 under 
three different resistive load sizes namely: (a) 10 MW (100%), 

(b) 5 MW (50%) and (c) 500 KW (5%). 

I.  CONCLUSIONS 

This study highlights the crucial significance of 
photovoltaic (PV) farm location within low -voltage 
distribution networks (LVDNs) in optimizing network 
efficiency and power quality . Through meticulou s 
simulations conducted using PSCAD software, it is evident 
that the placement of PV farms has a substantial impact on 
various parameters including power loss, voltage 
magnitude, and  voltage angle, particularly under various 
load sizes. The  analysis identi fied Bus 4 as the optimal 
location for PV farm connection, representing the right side 
of the network closest to the load. However, recognizing the 
practical constraints associated with this proximity to 
populated areas, Bus 3 emerges as the more feasible choice. 
This location strikes a balance between technical 
optimization and real -world considerations, ensuring 
efficient power distribution while addressing practical 
concerns. In the next stage of the work , combined meshed 
and radial networks with more PV  farms penetration to the 
grid will be studie d in conjunction with available 
optimisation techniques and AI. 
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