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Abstract. Protection coordination of distribution network has been one of the issues with the 

distributed generators integration. The reason is that the distribution network is radial in nature 

by which energy flow is unidirectional. The research aim is to investigate how the location or 

placement of DG affects the protection setting of the existing network. The healthiness of the 

test distribution system used in this work is investigated with and without DG connection by 

use of load flow analysis using Neplan software. The results confirm that the location or 

placement of DG with the distribution system connection improves the voltage profiles at each 

bus and active power load loss. The DG placed 1km away from point of common coupling 

(PCC), the voltage profiles is 10.448Kv with DG connection, and 10.442kV without DG 

connection, while active power load loss is 69kW with DG connection and 71kW without DG 

connection. Also, DG placed 6km away from point of common coupling the voltage profiles is 

10. 404kV with DG connection 10.372Kv without DG connection, while the active power load 

loss is 110kW with DG connection and 131kW without DG is connected. Moreover, with the 

DG placed 1km away from the point of common coupling (PCC) the fault current 17.596kA 

with DG connection and 3.286kA without DG connection, while 6km away from the PCC is 

17.543kA with DG connection and 3.286kA without DG connection. It can be concluded that 

as the distance of the DG from the PCC increases, the fault current also increases which affects 

the protection scheme of the existing distribution system.  

 Keywords: Power system, Protection relay, Distributed generators, and Distribution network. 

1.0 Introduction 

The electric power system is generated from the generating station, transmit via a transmission station, 

to the power injection substations of the distribution network, and finally to the consumers. The 

distribution system is designed to extract power from the injection substations, supply the loads but not 

designed to have distributed generators DGs connected to it directly because of its unique radial or 

unidirectional flow of energy. The protection and control of distribution networks topology are 

designed assuming the power flows in one direction, that is, from the transmission to the loads [1]. The 

main advantage of power generating from the renewable energy sources, such as wind, solar, and 

biomass are the abundance availability of the resources that can be easily converted into electricity. 

Wind energy is very clean, available, and without harmful emissions. Due to the effect of the 
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integration of distributed generators (DGs) on the protection network of the distribution system, many 

researchers have worked on the solution to the protection issues. The placement of DGs into the 

conventional radial distribution networks has an adverse effect on the coordination of the overcurrent 

protection relay between downstream and upstream overcurrent protective devices [2], [3]. Integration 

of the DGs into distribution system, the network will no longer operate as unidirectional but operate as 

bi-directional which will cause a loss of coordination among system over current protection schemes 

[4]. Recalculation of the overcurrent (OC) protection schemes and resizing them, if demanded, will 

cause miscoordinations to the network. However, in some cases, the coordination of protection relay 

between downstream and upstream overcurrent protection schemes cannot be maintained (i.e. fuse-

fuse or fuse-recloser pairs) due to the current flow through both protection scheme in the presence of 

the distributed generators (DGs), therefore, coordination of the protection relay at the PCC is 

necessary [5], [6],[7], [8], [9]. The main purpose of this research work is to investigate how placement 

or locations of DGs into the distribution network affects the protection schemes and to determine the 

fault current flow in the system. 

2.  Literature Review 

This section provides review of the related study of the relevant literature. The effect of distribution 

generators connection to the distribution system has been investigated and it was shown that an 

increase in DG penetration causes an increase in the short circuit current flow in the system [10]. The 

severe consequences associated with the integration of DG into the distribution system are nuisance 

and false tripping, and blinding of protection, mis-coordination of fuse-recloser and fuse-fuse, loss of 

selectivity and also failed auto reclosing [11] and [12]. Authors [13] and [14] investigated the impact 

of DGs on location; type, size, and the overcurrent relay coordination with the distribution system and 

concluded that the penetration of DGs affects the protection system of the distribution network. His 

work shows that DG impact on the distribution network affects the overcurrent protection scheme 

coordination which depends on the size, type, and placement or location of the DG.  

According to [15], the existing protection coordination of the distribution system will be affected 

with DG connection. Authors [16] and [17] used IEEE 34 node test network to investigate the 

integration of DGs on the protection coordination that constituted issues between the auto-reclosers 

and fuse in the distribution networks and their result shows that DG penetration on distribution system 

increased the short circuit current which affect the existing protection of the distribution network. 

Authors [18] and [19] analyzed the importance of DG location on the distribution network and the 

effect of short circuit current and losses that result in the setting of the relay of the existing distribution 

system to prevent false and blinding of tripping. According to [20], [21], false tripping of feeders 

occurs due to the short circuit currents flow in the system with DGs connected to the distribution 

system. Also, blinding of protection and nuisance tripping are investigated by the authors [22], [23], 

[24] and [25] with DG connection to the distribution system which resulted to resetting of the relay of 

the existing distribution network to prevent blinding and nuisance tripping of the system.  

In this research work, the load flow analysis of the test distribution network is first analyzed using 

Neplan software to confirm the healthiness of the distribution system before and after the integration 

of DG. The location or placement of DGs into the distribution system is analyzed with the voltage 

profiles in each bus, relay tripping time, losses, and fault current in the system. 

 3.0 Materials and Method 

The test distribution system is being modeled using Neplan software. The distribution network 

components parameters and data are collected from the Eko Electricity Distribution Company that 

includes the transmission line, buses, power transformers, and the information of load. The load flow 
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analysis is being carried out on the test distribution network with or without distributed generators 

connection. The purpose of load flow analysis study is to investigate if the distribution system is 

healthy enough to accommodate the DG, the flow of active and reactive power loss within the 

specified limits and the fault current flow in the network are also determined. The load flow analysis 

was carried out on the network in order to assess the steady-state performance of the distribution 

system under no-fault conditions.  Modeling test distribution network for protection relay coordination 

with Neplan software. Simulation of the entire distribution system is carried out to investigate the 

effects of the penetration level of DG connection to the distribution system.  

 

Figure 1: Entire one-line diagram of the modeled distribution system with DG 

From the one-line diagram of the test distribution network in Figure 1, the distribution system is being 

fed from the Transmission Company of Nigeria (TCN) grid Alagbon with data of real power 

17.362MW and reactive power 0.308Mvar connected to 33kV bus1. The 3nos 33kV lines that radiated 

from TCN are Beckley, 33kV single line, and Fowler 1&2, 33kV line double circuit. The lengths of 

the two feeders to the load are 4km and 6km respectively. Berkley, 33Kv line feeds Berkley Injection 

substation via 33kV bus2, the primary of 15MVA power transformer is connected to bus2 while the 

secondary side is connected to 11kV load bus4 with 8.3MW load. The location or placement of units 

of hybrid generators (wind turbine plus diesel) rating 25MW are varied from 1km, 2km,3km,4km, 

5km, and 6km are connected to 33kV bus3 away from the point of common coupling by 33kV line 

double circuit via 33kV bus7 with power transformer and 0.415kV bus9 with 9MW load. The 

Interconnector line is connected to the bus2 and bus3 for flexibility of the network. The line 

impedance of the distribution network used for this research is R = 0.101 and X = j0.077, as collected 

from the utility company. From this, it can be seen that the R/X Ratio is 1.311688, which is high 

compare to the transmission network which is always less than 1. The conventional load flow analysis 

will not converge for the distribution network due to the high R/X Ratio. Therefore NEPLAN software 

is used to carry out the load flow analysis of this research work. Figure 2 represents a single line 

diagram of the test distribution network without DG connected. 
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3.1 Wind Turbine Model 

Aerodynamic system of the wind turbine is the turbine rotor and its blade. Turbine rotor reduces the 

airspeed which transforms kinetic energy absorbed from air flow into the mechanical power Pae. 

 Aerodynamics rotor represented the statics relation [26] 

 2 3

ae

1
P ,

2
 eq p pitchρπR V θ                            (1) 

Where aerodynamic power of the airflow is Pae [Watt], 

  Air density known as 1,225Kg/m
3
 

The coefficient power CP is depends on the pitch angle θpitch in [degree], speed ratio of the tip    
            the ratio of the blade and the tip speed ɷrot*R and speed Veq[m/s]. 

Rotor radius R and ɷrot is speed of the rotor. 

Equation (1) is the power of a particular wind turbine extract from the wind which is known as cubic 

of the wind speed. 

Determination of the aerodynamic power, cause the aerodynamic torque to be calculated directly by, 

 2

ae

1
T ,

2
 ae

eq  p pitch

rot

P
  ρV  

ω
                                                        (2) 

Mechanical input is selected either by mechanical power or by mechanical torque, which make other 

quantity to be calculated by equation (2). Although, the two ways are possible, representation of 

constant power can be used for modeling. When constant torque is applied, the mechanical power used 

for the modeling will vary proportionally to the rotational speed. It may result in numerically unstable 

model system [26, 27]. 

   is developed to calculate the numerical approximation for a given values of θ and ƛ as 
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θ θ
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3.1.1 Internal Combustion Engine Model 

Diesel engines are used to power generators and the speed is control by its shaft known as governor. 

Internal Combustion Engine can be modelled using NEPLAN, it is very flexible and so the engine 
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parameters can easily be entered. The Input parameters of the Internal Combustion Engine is as shown 

in table 3.1 

Table3.1 Input parameters of the Internal Combustion Engine 

Machine rating 11MVA  and 12MVA 

Engine Speed rating 1800rpm 

Number of Cylinders 6 

Number of Engine cycles Four-stroke 

Misfired cylinders None 

 3.2 Load Flow Analysis Of Distribution System Without And With Dg Connection 

 

Figure 2: single line diagram of the test distribution network without DG connected 
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Figure 3: one-line diagram of the test distribution system with DG connected 

The load flow analysis results done on the test distribution network with or without DG connection to 

33Kv bus3 of Fowler injection substation with 9MW load obtained from the Neplan software shows 

how the placement of DG affects the voltage profile, load loss, and the fault current of the distribution 

network when two-phase and three-phase fault are simulated into the network. The results are as 

shown in the tables below. 
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Tables 1: Showing the load flow analysis of the test distribution system with two-phase fault when 

DG is isolated from the network and when DG is connected. 

Bus 

Nominal 

voltage 

(kV) 

Bus 

voltage 

(kV) 

Voltage 

(p.u) 

Load loss 

(KW) Status 

1 33 32.827 0.995 

107 

without 

DG 

3 33 32.26 0.995 

5 11 10.402 0.946 

6 11 10.999 0.999 

93 with DG 

3 33 32.996 0.999 

5 11 10.463 0.951 

 

 Table 2&3 show the simulation of two-phase fault into the test distribution network without and with 

DG connected at the bus5 Fowler injection substation.  

Table 2, two-phase fault without DG connected to test distribution network 

Distance 

(km) of 

DG 

from 

(PCC) 

Voltage 

(kV) 

Load 

loss 

(kW) 

Fault 

current 

(KA) 

1 10.442 71 2.92 

2 10.433 83 2.905 

3 10.418 95 2.875 

4 10.402 107 2.87 

5 10.387 119 2.861 

6 10.372 131 2.846 

 

Figure 3 shows the graphical representation of two-phase fault, how the variation of the location or 

placement of DG affects the voltage profile, load loss, and fault current without DG connected with 

the test distribution network.  
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Figure 4: Graphical representation without DG connected to the network 

Table 3, two-phase fault with DG connected to test distribution network 

Distance 

(km) of 

DG 

from 

(PCC) 

Voltage 

(kV) 

Load 

loss 

(kW) 

Fault 

current 

(KA) 

1 10.448 69 17.553 

2 10.434 77 17.543 

3 10.427 85 17.532 

4 10.419 93 17.522 

5 10.411 101 17.511 

6 10.404 110 17.5 

Figure 4 shows the graphical representation of two-phase fault, how the variation of the location or 

placement of DG affects the voltage profile, load loss, and fault current with DG connected to the test 

distribution system.  
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Figure 5: Graphical representation with DG connected to the network 

Tables 4&5 show simulation of two-phase fault into test distribution network without and with DG 

connected at the bus5 Fowler injection substation. Table 4, three-phase fault without DG connected to 

test distribution network 

 

Table 4, three-phase fault without DG connected to test distribution network 

Distance 

(km) of 

DG 

from 

(PCC) 

Voltage 

(kV) 

Load 

loss 

(kW) 

Fault 

current 

(KA) 

1 10.448 71 3.371 

2 10.433 83 3.354 

3 10.418 95 3.337 

4 10.402 107 3.32 

5 10.387 119 3.303 

6 10.372 131 3.286 

Figure 5 shows graphical representation of the three-phase fault, how the variation of the location or 

placement of DG affects the voltage profile, load loss, and fault current without DG connected to the 

test distribution network.  
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Figure 6: Graphical representation without DG connection to the network 

               Table 5, three-phase fault with DG connection to test distribution network 

Distance (km) of DG 

from (PCC) 

Voltage 

(kV) 

Load 

loss 

(kW) 

Fault 

current 

(KA) 

1 10.442 69 17.596 

2 10.434 77 17.585 

3 10.427 85 17.574 

4 10.419 93 17.564 

5 10.411 101 17.553 

6 10.404 110 17.543 

Figure 6 shows the graphical representation of three-phase fault, how the variation of the location or 

placement of DG affects the voltage profile, load loss and fault current with DG connected to the test 

distribution network while Figure 7 shows the graphical representation with DG connected to the 

network. 
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Figure 7: Graphical representation with DG connected to the network 

4.0 Analysis of Results 

The results on table1 show the load flow analysis which carried out on the test distribution network 

away from the point of common coupling, the active power load loss without DG is 107kW and 93kW 

with DG connection to the network. Also the voltage profiles at buses 1, 3 and 5 are 0.995p.u, 

0.995p.u and 0.946p.u respectively without DG connection while voltage profiles at bus 6, 3 and 5 are 

0.999p.u, 0.999p.u and 0.951p.u respectively with DG is connection to the network. The results show 

that the active power load loss and voltage profiles at each bus improved with DG connection to the 

test distribution system. From load flow analysis results, it can be concluded that the test distribution 

system is healthy enough to accommodate the DG as seen from the results on table1.  

Result of the simulation of two-phase fault into the test distribution network without or with 

DG connected is as seen from tables 2 and 3. The result shows that the voltage profiles improves as the 

distance of the line is nearer the point of common coupling (PCC), that is, when DG is place at 1km 

away from the PCC, the voltage profile is 10.448kV, but without DG connection, the voltage profile is 

10.442kV while placed at 6km away from the PCC, the voltage profile is 10.404Kv, and without DG 

connection, the voltage profile is 10.372kV.This reveals that there are voltage drop along the line as 

the DG is placed far away from the PCC. However, the load loss also increases as the DG placed far 

away from the point of common coupling. That is when DG is placed 1km away from the PCC; the 

load loss is 69kW, but 71kW when DG is not connected. While DG placed 6km away from PCC the 

load loss is 110kW, but 131kW without DG is connected. The results show that the nearer the distance 

of the placement of DG to the PCC, the lower the active power load loss in the network [10]. 

Moreover, the fault current at 1km away from the PCC is 17.553Ka with DG connection, but 2.92kA 

when DG is not connected, also, when placed 6km away from the PCC the fault current is 17.5kA with 

DG connection, but 2.846kA without the connection of DG. The results generally show that 

integration of DG into network increase the short circuit current.   

Result of the simulation of two-phase fault into the test distribution network without or with 

DG connected is as seen from tables 2 and 3. The result shows that the voltage profiles improves as the 

distance of the line is nearer the point of common coupling (PCC), that is, when DG is place at 1km 

away from the PCC, the voltage profile is 10.448kV, but without DG connection, the voltage profile is 
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10.442kV while placed at 6km away from the PCC, the voltage profile is 10.404Kv, and without DG 

connection, the voltage profile is 10.372kV.This reveals that there are voltage drop along the line as 

the DG is placed far away from the PCC. However, the load loss also increases as the DG placed far 

away from the point of common coupling. That is when DG is placed 1km away from the PCC; the 

load loss is 69kW, but 71kW when DG is not connected. While DG placed 6km away from PCC the 

load loss is 110kW, but 131kW without DG is connected. The results show that the nearer the distance 

of the placement of DG to the PCC, the lower the active power load loss in the network [10]. 

Moreover, the fault current at 1km away from the PCC is 17.553Ka with DG connection, but 2.92kA 

when DG is not connected, also, when placed 6km away from the PCC the fault current is 17.5kA with 

DG connection, but 2.846kA without the connection of DG. The results generally show that 

integration of DG into network increase the short circuit current.   

From these results, it shows that the nearer the placement or location of DG to the PCC in a 

distribution network the better the improvement of  voltage profiles, and active power load loss of the 

network. Also the short circuit current decreases as DG is placed away from the PCC. The integration 

of DG with distribution network always causes an increase with short circuit current flow in the 

system, the nearer the fault to the PCC the higher the short circuit current flow in the system which 

always affects the protection scheme of the existing distribution system [10], [18] and [19]. The 

increase of short circuit current flow with DG connection to the distribution system calls for protection 

setting of the protection relays of the existing distribution system at the PCC to prevent blinding of 

protection, false and nuisance tripping of the network.      

Conclusion 

The result of the research work confirms that the nearer the location or placement of DG to the PCC 

the better of voltage profile improvement at each bus of the network and active power load loss in the 

system. As the DG is placed at some kilometer away far from the PCC, fault current also decreases 

which also confirm that the nearer the integration of DG with distribution system the higher the fault 

current flow in the system and cause the protection scheme of the existing distribution system to be 

reset at the point of common coupling.   
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