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Abstract—a distribution network with renewable and 
fossil-based resources can be operated as a micro-grid, 
in autonomous or non-autonomous modes. 
Autonomous operation of a distribution network 
requires cautious planning. In this context, a detailed 
methodology to develop a sustainable autonomous 
micro-grid is presented. The proposed methodology 
suggests novel sizing and siting strategies for 
distributed generators and structural modifications for 
autonomous micro-grids. The Micro grids are modern, 
small scale, decentralized electrical energy system. 
These are solution for energy crisis, along with 
improving the power supply reliability, quality and 
efficiency. Any time a micro grid is implemented in an 
electrical distribution system and it have optimal size 
and need optimal location .The correct size and 
location of distributed generation (DG) play a 
significant role in reduce power losses in distribution 
systems. It represents techniques to reduce power 
losses in a distribution feeder by optimizing DG model 
in terms of size, location and operating point of DG. The 
Particle Swarm Optimization (PSO) algorithm solves 
the optimal network reconfiguration problem for 
power loss reduction.   Structural modifications based 
on ranking of buses have been attempted for improving 
the voltage profile of the system, resulting in reduction 
of real power distribution losses. The proposed 
methodology is adopted for a standard 33-bus 
distribution system to operate as an autonomous 
micro-grid. Results confirm the usefulness of the 
proposed approach in transforming an existing radial 
distribution network into an autonomous micro-grid. 

Keywords – Power Loss Minimization, voltage Profile 
Improvement, micro grid, Distributed power 
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I. INTRODUCTION 
Recent development in small generation technologies 
has drawn an attention, to change in the electric 
infrastructure for adapting distributed generation 
(DG). Employment of DG technologies makes it more 
likely that electricity supply system will depend on DG 
systems and will be operated in deregulated 
environment to achieve a variety of benefits. As DG 
systems generate power locally to fulfil customer 
demands, appropriate size and placement of DG can 
drastically reduce power losses in the system [1]. To 
reducing losses there are many alternatives available 
at distribution level, reconfiguration, capacitor 
installation load balancing and introduction of high 
voltage level. There are two type of switches are used 
in primary distribution system which is normally 
closed switch (Sectionalizing switch) and normally 
open switch (tie switch).Those type of two switches are 
designed for both protection and configuration 

management resulting in cost reducing [2]. Depending 
upon the rating and location of DG units there is also 
possibility for voltage swell and losses are increase. 
The scenario to exploit complete potential of 
distributed generation, proper siting and sizing of DG 
become important. To develop sizing algorithm that 
transform an existing distribution network to 
sustainable autonomous system. This operation the 
generation and corresponding load of distribution 
network can separate from feeder network.The 
proposed programmed switching of already existing 
switches to reconfigure the distribution network for 
stable operation as micro-grid. Two types of switches 
are used in primary distribution systems viz., 
sectionalizing switches (normally closed) and TIE 
switches (normally open) [3], [4].In this context, 
reconfiguration of an existing distribution system has 
also been attempted for performance improvement of 
an autonomous micro-grid. Ranking of the buses based 
on maximum loadable limits has been employed to 
identify the nodes. Based on this ranking, additional 
TIE branches are to be connected. The standard 33-bus 
distribution system is used for validation of the 
algorithms proposed and MATLAB coding has been 
developed for implementation of the proposed 
algorithm. 

II. PARTICLE SWARM OPTIMIZATION 
It is technique used to explore search space of given to 
find setting required to maximize particular objective. 
The particle swarm optimization algorithm is new 
swarm intelligence technique, inspired by social 
behaviour of bird flocking. This technique first 
described by James Kennedy and Russell c. Eberhart in 
1995, [5]. It was found that with some modification. 
Social behaviour model can serve as powerful optimize. 
If binary PSO algorithm is adopted, the quantity of 
switches to be optimized will be very large to 
overcome this problem using proposed an algorithm to 
simplify this network. The algorithm not only 
minimizes the dimensionally problem but also avoids 
generation of many invalid particles. The distribution 
network is simplified through grouping branches are 
represented by one dimensional coding. PSO is a 
population-based evolutionary technique that has 
many key advantages over other optimization 
techniques like [6], [7]. 
 It is a derivative-free algorithm unlike many 

conventional techniques. 
 It has the flexibility to be integrated with other 

optimization techniques to form a hybrid tool. 
 It is less sensitive to the nature of the objective 

function. 
 It has less parameter to adjust unlike many other 

competing evolutionary techniques. 
 It has the ability to escape from local minima. 
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 It is easy to implement and program with basic 
mathematical and logic operations. 

 It can handle objective functions with stochastic 
nature. 

III. PROBLEM FORMULATION 
The planning of micro-grid to optimally site and size 
DG is achieved by formulation model as an 
optimization problem. The optimal sizing and sifting 
for DG installation lead to highest value of overall 
benefit one of explanation for introducing DG is 
improve voltage profile of system and sustain voltage 
at customer terminal within an acceptable range [8].   
In distribution system tie switches and sectionalizing 
switch are the two types of switches. The tie switches 
are (10-14) (5-11) and (7-16) in dotted branches 
conning nodes and switches in other continuous 
branches are sectionalizing switches. Normally open 
the tie switches and normally closed the sectionalizing 
switches. When operating condition has been changed 
Feeder reconfiguration is performed by closing 
/opening of these two types of switches to minimize 
line resistive line losses. When tie switch may be closed 
for the purpose of transferring loads to different 
feeders, and, at the same time, a sectionalizing switch 
should be opened to maintain the radial structure of 
the distribution network.  

 

When the loads of feeder 2 become heavy under 

normal operating conditions, the tie switch connecting   

nodes (5-11) may be closed to transfer the load at bus 

11 from feeder 2 to feeder 1 and at the same time the 

sectionalizing switch connecting nodes (9-10) must be 

opened to maintain the radial structure of the network. 

 

Figure 1 One line diagram of the autonomous micro-
grid with optimally placed DG units 

IV. CASE STUDY 
The standard 33 bus distribution system with a 
demand, as shown in Table 4.1 .It has been adopted for 
the validation of the proposed methodology. The base 
voltage and base MVA chosen for the entire analysis 
are 11 kV and 100 MVA, respectively. 

4.1 Optimal Number and Location of DG Units for 
Autonomous Micro-Grids 
A detailed analysis has been carried out iteratively by 
varying the number of DG sites (i.e., number of DG 
units varying from r=1 to r=6 taking one unit/site) in 
the given system. The net real power loss for each of 
the conditions (i.e., r=1 to 6) is tabulated in Table 4.1.1 

Table 4.1 Ranking of buses based on maximum Load of 

Real Power Demand

 

The real power losses in MVA and the cost of 
generation of the DGs in 0.1 million rupees have been 
normalized on a ten point scale using (1) and the 
variation of the losses and cost of power generation 
has been plotted against the number of DG units In this 
work, different types of DGs are assumed to be 
employed and hence different cost coefficients. All the 
DG units are expected to provide reactive power 
support to maintain a constant power factor of 0.85 
lagging at each of their respective locations. 
Consequent to deciding the number of DGs sites (units) 
required, the optimal placement for the three DG units 
is taken up. For all possible combinations of three 
locations, the optimal sizing algorithm is run and the 
corresponding losses have been recorded. It has been 
seen from Table 4.1.1 that for three DGs the optimal 
location pertaining to minimum distribution losses 
with moderate generation cost. 
 
4.2 Optimal Reconfiguration of Autonomous Micro-
Grids with TIE switches              
The TIE-switches employed in the system based on 
ranking of buses are used in reconfiguring the radial 
distribution network into an autonomous micro-grid. It 
is evident that such reconfiguration transforms a radial 
network in to a weakly meshed network, thereby 
improving the reliability of service to customers in to 
an autonomous micro-grid. It is evident that such a 
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reconfiguration transforms a radial network into a 
weakly meshed network, thereby improving the 
reliability of service to customers.   A radial network 
operated as an autonomous micro-grid has the 
possibility of formation of accidental islands due to the 
occurrence of any electrical disturbances viz., line 
contingency or line outage The list of all possible 
combinations of TIE connections & power loss with 
min & max bus voltage in p. u. have been tabulated in 
Table 4.2.1. 

Table 1 Optimal Number & Location of DG unit. 

 
 

 

Figure 2 Voltage profile of the autonomous micro-grid 
before reconfiguration for PSO-based optimally sized 

DG units 

A total combination has been identified as 
geographically feasible for placing additional TIE 
branches. Reconfiguration based on appropriate 
switching of TIE switches is effected and the total real 
power distribution losses have been evaluated for each 
of the possible combinations. Ranking of the 
configurations based on the real power losses is 

tabulated in Table 4.2.2 depict the top five 
combinations that satisfy the voltage constraints. 
Further analysis is performed on these shortlisted 
structures to choose the final optimal structure for the 
autonomous micro-grid. 

 
Figure 3 One line diagram of the autonomous micro-

grid with locations for placing TIE switches for 
reconfiguration. 

 
Table 2 Ranking of Possible Combination of 
Reconfiguration for PSO Based optimal sized 
Generation 

 

Figure 4 Voltage profile of the autonomous micro-grid 
after reconfiguration for PSO-based optimally sized DG 

units. 

V. CONCLUSION 
This paper has proposed a comprehensive 
methodology for transforming an existing radial 
distribution system fed from a substation feeder to an 
autonomous micro-grid. A detailed objective function 
for converting an existing radial distribution network 
into an autonomous sustainable micro-grid has been 
formulated. New techniques for determining the 
number of units required, siting and sizing of the units, 
and structure of the micro-grid have been developed. 
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Two non-traditional optimization techniques have 
been employed separately for solving the sizing 
problem. For the 33 bus distribution system taken for 

study, the proposed method gives three DG units as the 
optimal number of units. The optimal locations for 
these units are found to be buses 3, 9, and 31.

Table 3 Comparison of bus voltages in per unit before and after Reconfiguration for PSO-based optimal sizing of DG 
units 

The case study presents five best reconfiguration 
options, obtained using the proposed methodology. 
Significant improvement in the voltage profile and 
reduction in losses were observed in the autonomous 
operation as compared to non-autonomous operation 
DGs. 
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