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Abstract  In order to meet with the increasing demand of 
electrical energy and wide spread of energy consumers in an 
area, the decentralized power generation (DPG) is becoming 
more popular. In DPG mostly the renewable energy sources 
are used. These renewable energy sources acts as the small 
grids integrated into the main power system. Now for 
management, optimized operation and stability of the 
existing system the power flow analysis must be done at the 
connecting point of these grids. In order to perform load flow 
analysis the system analysis model is needed. In general 
system’s analysis, whenever the system structure changes we 
have to change the analysis model. As we know those DPG 
units are ‘in’ and ‘out’ of the system frequently, so this 
results in the change of the system structure. So every time 
the system structure is change we have to recreate the 
analysis model therefore by using the classical load flow 
analysis method, load flow calculation become complex. 
This paper introduces a new technique of parameter injection 
at the joining points of grid to reduce the load flow analysis 
complexity. There is no need to recreate the analysis model 
again and again whenever the system structure changes. 
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1. Introduction 
Electricity consumption is increasing day by day. It results 

in the expansion of energy market, so new energy sources 
which are mainly the renewable energy sources are rapidly 
integrating into the existing power system to meet the energy 

demand. It gives rise to phenomena of decentralized energy 
generation. In decentralized energy generation bulk power is 
generated by incorporating many smaller units near to the 
load centre rather generating power at a centralized point, 
which is usually far away from the load centre. These 
decentralized units are mainly the renewable energy sources. 
“Figure 1”shows decentralized energy generation 

In “Figure 1”the renewable energy sources are integrating 
into the main power system. They share the power with the 
main power system through the connecting points. The 
decentralized energy units act as small grids [1, 2]. These 
units are Injecting power into the main power system. 
Whenever these grids are integrated into the power system 
the power flow between the connecting point of the grid and 
main power system should be known. This is necessary for 
the management, optimized operation, stability and the 
security of the power system, so each grid must have its own 
controlling units that monitors and control all these things [3, 
4]. For controlling purpose we must know the power flow 
between the connecting point of the grids and the main 
power system. The “Figure.1” also shows different 
controlling units. 

In classical analysis of the power system bus admittance 
matrix plays an important role in defining the system 
structure or the analysis model. Whenever the new grid 
enters the existing matrix system the admittance matrix must 
be recreated as the system structure is changed. This results 
the complexity in the load flow calculation. 

So a new technique is needed to avoid this complexity due 
to the change in system structure. This paper proposed a 
technique of parameter injection at the joining point of the 
grids, so whenever system structure changes, we do not have 
to recreate the admittance matrix [5, 6]. 
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Figure 1.  Decentralized energy generation. 

2. System Structure 
A typical power consists of different electrical elements such as generators, bus-bars, transmission lines etc. A typical 

power system is shown in a “Figure 2” 

 

Figure 2.  Typical power systems 

We can use synchronous generator to represent a voltage source connected in series with impedance. In a power system 
different types of load are connected such as active load, reactive load, active current load, reactive current load, resistive load, 
reactance load and the apparent power load. The transmission lines that are used to connect the bus-bar can be represented by 
a pi-model or T-model. A power system shown in the “Figure 2” can be represented by the following “equation(1)”. 

⎣
⎢
⎢
⎡
𝑉1
𝑉2......
𝑉𝑛⎦
⎥
⎥
⎤

=

⎣
⎢
⎢
⎢
⎡
𝑌11 𝑌12 … … . 𝑌1𝑛
𝑌21.......

𝑌22.......

… … . 𝑌2𝑛.......
𝑌𝑛1 𝑌𝑛2 𝑌𝑛𝑛 ⎦

⎥
⎥
⎥
⎤
−1

⎣
⎢
⎢
⎢
⎡
𝐼1
𝐼2.......
𝐼𝑛⎦
⎥
⎥
⎥
⎤
                              (1) 

Where n is the number of buses in the power system 𝑉𝑖=(𝑖 = 1,2,3,4, … . , 𝑛), is the complex vector of bus voltages. 
𝐼𝑖=(𝑖 = 1,2,3 … , 𝑛) is the complex vector of bus currents. 𝑌𝑖 =(𝑖 = 1,2,3 … , 𝑛) is the self admittance of bus i. The bus 
admittance plays key role in load flow calculation [7, 8]. 
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Figure 3.  connecting position of grids 

3. The Proposed Method 
As mentioned previously in classical method of power 

system we use bus admittance matrix and the bus admittance 
matrix depends upon system structure so we have to recreate 
the admittance matrix when the system structure is change 
due to the addition of new grid into the system. 

The new grids are frequently becoming ‘in’ and ‘out’ of 
the system due to the varying conditions resulting the 
frequent change in system structure. This made system 
analysis complex. That’s why a new technique of parameter 
injection is used to avoid complexity. 

This can be done by performing the following three steps: 

1. Locate the joining points of the grid 
2. Determine the exchanging parameter at the 

connection point 
3. Analysis on the individual area 

3.1. Locate the Joining Points of the Grids 

First of all we have to determine the connection points 
between the grid and the main power system as shown in the 
“Figure 3” The two grids are connected together the 
connection between two grids are third bus of the first grid 
and fourth bus of second gird 

3.2. Determining the Exchanging Parameter at the 
Connection Point 

After the separation of two grids the structure is shown in 
“Figure 4”, it shows the exchanging parameters between the 
connection point that is the current and the voltage between 
connected buses. In order to calculate exchanging currents 
we have to use the hybrid calculations [5-7] in which the 
input parameters can be the applied current and the applied 

voltage. To apply the hybrid method we first have to find the 
sorted bus admittance matrix by known parameters. The 
“equation (2)” shows the sorting of the bus admittance 
matrix where N is the index of the bus for which the bus 
current is known L is the index of the bus for the which the 
voltage is known than the hybrid matrix can be calculated as 
shown in “equation(3). 

�𝑌𝑆𝑜𝑟𝑡𝑖𝑛𝑔� = �
[𝑌𝑁𝑁] [𝑌𝑁𝐿]
[𝑌𝐿𝑁] [𝑌𝐿𝐿]�            (2) 

[𝐻] = �
[𝑌𝑁𝑁]−1   −[𝑌𝑁𝑁]−1[𝑌𝑁𝐿]

[𝑌𝐿𝑁Ι 𝑌𝑁𝑁]−1 [𝑌𝐿𝐿] − [𝑌𝐿𝑁Ι 𝑌𝑁𝑁]−1[𝑌𝑁𝐿]�   (3) 

Now we use the hybrid matrix in our calculation to find 
the unknown voltages and currents. In the equation4𝑈𝑁 is 
known as voltage vector and 𝐼𝐿  is known as current vector. 

�
[𝑈𝑁]
[𝐼𝐿] � =  [𝐻] �

[𝐼𝑁]
[𝑈𝐿]�             (4) 

We can use iteration method to find the unknown buses 
voltages with the help of hybrid calculation as describe 
below 
 The first iteration process start from the first grid in 

order to find the terminal voltage of the third bus the 
input vector is the bus current vector from the first 
grid area and the voltage of the fourth bus, which is 
set to system nominal value. 

 The second iteration process is performed on the 
second grid area in order to find the terminal voltage 
of the fourth bus the input vector is the bus current 
vector from the second grid area and the voltage of 
the third bus which is calculated from the first 
iteration than the exchange current between the 
connected buses can be calculated by the voltage 
difference divided by the cable impedance[8-10] 
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Figure 4.  De-coupled form of the circuit 

 

Figure 5.  exchanging parameter between the grids 

3.3. Analysis of the Individual Area 

After the exchange parameter is calculated it will be added 
back to the corresponding bus. 𝐼𝑒𝑥 34 is added back to the 
third bus and 𝐼𝑒𝑥 43 is added back to the fourth bus the new 
structure is shown in the “Figure 5”. The exchange current 
represents the exchange power between the interconnected 
grids. Now analysis can be done on the individual area. 

4. Simulation 
In order to validate proposed analysis method the system 

shown in the Fig.6 is used 
We examine two cases in the simulation: 

 Firstly the system of two grids is considered as a 
single system and the system analysis results are 
obtained. 

 Secondly the system is than separated or de-coupled 
into two individual grids. The exchanging parameter 
is injected at the separation points and the analysis 
results are obtained again. 

To ensure the authenticity of the method analysis of 
results are compared. The parameters of the system are: two 
generators of same rating with rated apparent power 625 
KVA, power factor is 0.8 the nominal voltage is 400𝑉𝐿−𝐿, 
frequency is 60 HZ and two induction motors of 50 hp and 
100 hp are acting as the load on each bus in the system 
connected with each other through a 100m cable having 
R=0.772 ohm/km and XL= 0.083 ohms/km. 
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Figure 6.  Simulation circuit 

The output results of the generator are obtained from “Figure6”, which includes the current, active power reactive, power 
and power factor. 

4.1. Complete System Analysis Result 

When the circuit is simulated the exchanging parameter between the two grids at the coupling point is obtained. It is 16 A 
current flowing from bus 3 to bus 4. 

 

Figure 7.  Analysis result of complete system 

The current, active power reactive, power and power factor of generators are also obtained. These results are shown in 
Table 1. 
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Table.1.  complete power system analysis 

Complete Power System Analysis Result  

Parameters Generator 1 Generator 2 

Current 92.92 A 140.6 A 

Active Power 58.519 KW 88.669 KW 

Reactive Power 26.8 KVAR 40.3 KVAR 

Power Factor 90.9 % 91.02 % 

4.2. Individual Grids Analysis Result 

After that the system is de-coupled into its constituents grids. Parameter injector is used at the de-coupling point to inject 
the same current as it was obtained during complete system analysis. Now both circuits are simulated saparately as shown in 
the “Figure 8”and” Figure 9” 

 

Figure 8.  Analysis result of Grid 1 

 

 

Table.2.  Grid 1 analysis result 

Grid 1 Analysis Result 

Parameters Generator 1 

Current 92.92 A 

Active Power 58.519 KW 

Reactive Power 26.8 KVAR 

Power Factor 90.9 % 
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Figure 9.  Analysis result of Grid 2 

 

Table.3.  Grid 2 analysis result 

Grid 2 Analysis Result 

Parameters Generator 2 

Current 140.6 A 

Active Power 88.669 KW 

Reactive Power 40.3 KVAR 

Power Factor 91.04 % 

4.3. Comparison of the Results 

Now the results obtained from both cases are compared in the table 4. It shows that the results from the two cases are 
exactly same only there is slight change in the power factor of generator 2 which is negligible. So in this way we can analyse 
any small grid parallel to main power system. 

Table.4 . Comparison of the Results  

Comparison Results 

Parameters Generator 1 Generator 2 

 Complete System 
Analysis Result 

Separate Grid 
Analysis Result 

Complete System 
Analysis Result 

Separate Grid 
Analysis Result 

Current 92.92 A 92.92 A 140.6 A 140.6 A 

Active Power 58.519 KW 58.519 KW 88.669 KW 88.669 KW 

Reactive Power 26.8 KVAR 26.8 KVAR 40.3 KVAR 40.3 KVAR 

Power Factor 90.9 % 90.9 %   
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5. Conclusion 
The use of distributed energy generation is increasing now 

days to meet the energy demand. Distributed generation is 
obtained mainly from the renewable energy sources. They 
are acting like mini and micro grids integrating into the 
power system. It causes the frequent change in the power 
system structure. That results complexity in load flow 
calculation. In order to avoid this complexity the method of 
parameter injection at the integrating point is proposed, so 
whenever the system structure changes we do not have to 
recreate the analysis model. By using parameter injection 
technique the new grid integrating into the main power 
system can be analysed parallel to the main power system. In 
the simulation, system analysis is done by the proposed 
method. The comparison of results shows the accuracy of the 
method. 
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