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ABSTRACT 
 
This paper presents the application of a modified Artificial 
Immune System (AIS) technique to determine the optimal 
location and sizing of Distributed Generation (DG) in 
transmission network. The technique is termed as Multistage 
Artificial Immune System (MAIS). The IEEE 26-Bus 
Reliability Test System (RTS) has been utilized to conduct the 
implementation. Prior to the MAIS deployment, the original 
Artificial Immune System (AIS) technique has been used to 
find the optimal placement of the DG units in the IEEE 
26-Bus RTS. This is for comparative study purposes. Three 
case studies with different conditions of transmission network 
have been introduced in finding the optimal location and 
sizing of the DG units. It is found that MAIS is superior than 
the original AIS in finding the optimal placement of the DG 
units in the transmission network in terms of producing low 
total system loss. 
 
Key words : Distributed Generation, Optimal Placement, 
Multistage Artificial Immune System. 
 
1. INTRODUCTION 
 
Distributed Generation (DG) technologies have been growing 
significantly in the electricity utility system around the world 
for the past two decades. The growth of DG technologies 
around the world are mainly due to numerous factors and 
drivers. DG is often used to improve reliability or to delay 
investment in transmission and distribution networks, avoid 
network charges, reduce line losses, stop the construction of 
large generation installations, displace expensive 
grid-supplied energy, provide alternative sources of market 
supply and provide environmental benefits. As compared to a 
typical large centralized power plant, DG is much more 
superior in terms of cost effectiveness and efficiency. There 
are two main technological sources that drives the power 
generation of a DG which are Fossil fuel based and 
 

 

Non-Fossil fuel based. This basically means that the sources 
used to generate power in the plant can either be from a 
renewable source or a non-renewable source such a coal, 
natural gas, solar, wind or hydro which will be discussed 
further in the report. 
 
There are many advantages to have DG in the transmission 
network. DG able to directly provide supply to consumers in a 
certain location where DG power plant is built. In a certain 
area where the consumer load is far away from the 
transmission lines, the existence of DG connected to the grid 
nearby the consumer load can directly provide power 
generation and electricity to the consumer load. This in terms 
means that DGs can reduce the consumer total load and hence 
reduce the loading on the power transmission lines. In the 
event of an emergency where the breakdown occurs at power 
transmission lines or in distribution network, DGs are able to 
provide supply to some areas to reduce the number of power 
outages in the areas [1]. When an outage occurs in the 
transmission lines the distribution of power in the lines 
become imbalance. Hence the DGs may provide an injection 
of power to balance the power flow in the transmission 
network and therefore reduce the total power loss in the 
system. Besides that, through the control of reactive power 
and active power of the DG technologies the voltage variance 
in the system can be further reduced to supply accurate 
voltage level. Reactive power plays an important role in 
reducing the losses whereby it improves the power factor in 
the transmission network therefore reducing the amount of 
real power needed to supply the load on the consumer load. 
Hence the losses in the system can also be reduced and thus 
enhance the efficiency in the system supply. Moreover, the 
construction of DG power plant is much faster compared to 
the centralized power plant due to the smaller size and rather 
simple system to be installed. The growth of load demand is 
higher than production of electricity, so the installation of DG 
is crucial to support the network in short duration. Storms, 
falling tree branches, brownouts, and acts of terror challenge 
the grid and when it fails, it usually leaves tens of thousands of 
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customers (or millions in extreme cases) without electricity 
for long periods of time. The effect of these failures can be 
detected by a distributed microgrid generation system, which 
decreases the number of people affected [1]. 
 
The integration of DGs into transmission network involves a 
wide range of techniques that were made by engineers and 
researchers worldwide. Some of the techniques are Genetic 
Algorithm (GA) [2], Tabu Search [3], Ant Colony 
Optimization (ACO) [4], Artificial Bee Colony (ABC) [5], 
Harmony Search Algorithm (HSA) [6], Evolutionary 
Programming (EP) [7] and Artificial Immune System (AIS) 
[8]. These techniques use specific algorithm programmed by 
the designers that can enhance the efficiency in the 
transmission network by reducing the system losses, improve 
voltage stability, reduce operational cost and other important 
elements. Among the techniques, AIS and EP are commonly 
used to solve transmission network optimization problems 
including the optimal DG placement. However, sometimes EP 
and AIS cannot provide optimal solution because of the 
randomization of generating the control variables’ values 
during initialization process that produced unfit individuals. 
Furthermore, there is possibility for the optimization process 
to get stuck at its local optima if the starting point of the search 
is not properly set or the objective function of the problem is 
non-convex [9], [10]. 
 
In this paper, an artificial intelligence technique termed as 
Multistage Artificial Immune System (MAIS) is proposed to 
be used to determine the optimal location and sizing of 
Distributed Generation (DG) in the transmission network. The 
optimization results produced by MAIS has been compared 
with the optimization results produced by the original AIS. It 
is found that, MAIS produced the lowest total system loss 
compared to AIS for several conditions of transmission 
network. 
 
2. METHODOLOGY 
 
Unlike AIS, MAIS has multiple stages in its processes. After 
the initialization process, the generated control variables 
values are decomposed into several stages depending on the 
size of the initial population. The control variables for this 
study is the location and sizing of the DG units. The number 
of individuals in each stage is equally divided. For example, if 
the size of initial population is twenty, there will be five 
individuals in each stage if there are four stages. 
Subsequently, the five individuals in each stage will undergo 
cloning process, mutation process and selection process. 
During cloning process, the individuals generated during the 
initialization are multiplied by ten to become fifty individuals. 
While during mutation, the cloned individuals are mutated 
using Gaussian mutation to produce offspring. The Gaussian 
mutation is as shown in equation 1. 
 

ା,ݔ = ,ݔ + ܰ൭0,ߚ	൫ݔ௫ − ൯ݔ ൬
݂

݂௫
൰൱ (1) 

 
Where: 
 ା,  = mutated parent (offspring)ݔ
 ,   = parentsݔ
ܰ    = Gaussian random variable with mean ߤ and 
variance yଶ  
 1 >ߚ> mutation scale, 0 =    ߚ
௫ݔ   = maximum random number for every variable 
   = minimum random number for every variableݔ

݂     = fitness for the ݅௧random number 
݂௫   = maximum fitness 

 
During selection process, the mutated individuals are ranked 
based on the best fitness of total system loss and then five 
fittest individuals are selected for the next process. After the 
selection process, the fittest individuals from each stage are 
combined to become a new big population. Then, the new 
population will undergo convergence test where the global 
optima will be found if it meets the set stopping criterion. The 
flowchart of MAIS for optimal placement of DG in 
transmission network is illustrated in Figure 1. 
 
For this study, five DG units are used to be optimally placed in 
the IEEE 26-Bus RTS using MAIS. These DG units are Type 
I, which can only supply active power to the system. The 
objective function of this optimization problem is to minimize 
total system loss, which can be written as follows: 
 

ܲ௦௦ = ݃[ ܸ
ଶ + ܸ

ଶ − 2 ܸ ܸܿݏ൫ߜ − ൯ߜ


ୀଵ

,

݇ ∈ {1,2, … , ݈} (2) 
 
Where, 
݃  is conductance of kth line, 
ܸ  and ߜ  are voltage magnitude and angle of bus ݅ , 

respectively, 
ܸ  and ߜ  are voltage magnitude and angle of bus ݆ , 

respectively, and 
݈ is number of lines in the system 
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3.  RESULTS AND DISCUSSION 
 
The developed MAIS program was used to solve optimal 
distributed generation installation problem with three 
different case studies. This is important to study the 
performance of the proposed technique in finding the best 
location and size of each DG unit in the transmission network 
by having different conditions of system. For the first case 
study, MAIS program was used to solve base case in which 
the transmission network is not modified. In the second case 
study, (N-1) line contingency analysis was performed, which 
one line was put on outage. The effect of the outage on the 
final solution was monitored by observing the total system 
loss produced. Lastly, (N-2) line contingency analysis was 
carried out whereby two lines in the system were put on 
outage. This process was done by removing two lines in the 
IEEE 26-Bus RTS and MAIS program was deployed to find 
the best location and size of each DG unit. The results 
produced by MAIS were compared with the results produced 
using AIS for all the three case studies. 
 
3.1 Case study 1: Base case 
 
Figure 2 shows the comparison of total system losses found by 
MAIS and AIS for the base case. Based on Figure 2, it can be 
observed that there is a reduction in the average loss between  
 

the AIS and MAIS. The approximate reduction in the average 
loss from AIS to MAIS is about 7.39 %. It can also be seen 
that the best loss for MAIS is lower as compared to AIS by 
about 7.74 %. The worst loss is also reduced using MAIS by 
about 6.66 % as compared to the AIS. From the results, it can 
be concluded that MAIS significantly reduced the total power 
loss in the system for the base case where there is no 
modification made on the IEEE 26-Bus RTS. The reason for 
the decrement in the total system loss is due to the wider range 
of possible solutions created by MAIS as compared to AIS. 
 
3.2Case Study 2: (N-1) Line Contingency 
 
Based on Figure 3, the worst loss found by MAIS is seen to be 
higher than AIS, which are 14.6972 MW and 14.3953 MW, 
respectively. The percentage difference of the losses between 
the two techniques is about a surplus of 1.97 %.  However, 
MAIS managed to obtain a lower best loss as compared to 
AIS. The best loss for MAIS throughout the 10 runs is at 
13.1275 MW which is 1.78 % less than the best loss of AIS. 
Moreover, the average loss for all the 10 runs done by MAIS 
is also lower than AIS by 0.14 %. It is expected to see the 
increase in the total power loss in the system when an outage 
occurs in the transmission line for both MAIS and AIS 
program. However, the MAIS managed to obtain a better 
reduction in loss as compared to AIS. 
 
 
 

 
Figure 1: Flowchart of MAIS for Optimal Placement of DG in transmission network 
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3.3Case Study 3: (N-2) Line Contingency 
 
Figure 4 shows the comparison of total system losses found by 
MAIS and AIS for (N-2) line contingency. Based on Figure 4, 
the best loss found by MAIS is significantly lower as 

compared to AIS. The best loss obtained by MAIS and AIS 
program are 12.1185 MW and 13.3746 MW, respectively. 
This brings to a reduction in percentage difference of about 
9.39 % between the two techniques. The same pattern can be 
seen in the worst loss. The decrement in the worst loss in 

 
Figure 2: Average Loss, Best Loss and Worst Loss for MAIS and AIS (Base Case) 

 

 
Figure 3: Average Loss, Best Loss and Worst Loss for MAIS and AIS ((N-1) Line Contingency) 

 

 
Figure 4: Average Loss, Best Loss and Worst Loss for MAIS and AIS ((N-2) Line Contingency) 
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MAIS is 1.86 % as compared to the AIS. However, the worst 
loss for both techniques are still within the acceptable limits of 
the (N-2) line contingency state. 
 
Finally, the average loss for all the 10 runs done using MAIS 
also shows a decrease in the total system loss as compared to 
10 runs done using AIS. The decrement in the average loss is 
about 1.35 %. This indicates that the MAIS is better at finding 
the least loss for two lines on outage in transmission network.  

4. CONCLUSION 
In a nutshell, the Multistage Artificial Immune System 
(MAIS) algorithm for the installation of DG in the 
transmission network has been successfully designed and 
well- developed using MATLAB programming language to 
meet the objectives of the project. The developed MAIS 
algorithm was successfully tested with three different case 
studies which are Base Case, (N-1) line contingency and 
(N-2) line contingency and the results obtained were analyzed 
thoroughly. There are three different DG units with different 
sizes optimally placed onto the IEEE 26- Bus RTS during the 
execution of the case studies. Based on comparison of total 
system loss produced between MAIS and AIS, it can be 
concluded that MAIS is superior than AIS to be used for DG 
placement in transmission network for total system loss 
minimization. 
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