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Abstract 

The operation of a radial distribution network in an 
islanded mode has become significant due to an increase in 
the integration of renewable sources to the utility network. 
In this project, a computational tool is presented to design 
the sizes of the distributed resources for an autonomous 
micro-grid operation of a radial distributor.  The technique 
employs GA optimization, considers the variation in 
generation and demands in summer and winter.  The 
presented load flow solutions of the designed islanded- 
Micro-grid shows that the node voltages are within the 
specified limits during summer and winter.  

1. Introduction 
 
Micro-grid is a local grid, which harnesses the energy from 

renewable energy resources. The micro-grid is a concept based 
on a cluster of electrical and thermal loads together with small-
scale sources of electrical power and heat. The power sources will 
generally be mixed, including renewable sources such as 
photovoltaic or wind generators together with fossil-fuelled 
generators [1] [2]. The interface between this network and the 
wider electrical power network will be through a well-defined and 
controlled interface. The micro-grid is responsible for servicing 
the needs of its consumers, ensuring a quality of power supply that 
meets the needs of the consumers and possibly controlling some 
of the non-critical loads. The interface with the local electricity 
utility will be one of exchanging power, so the micro-grid appears 
to be a well-behaved load or generator [3]. The use of renewable 
energy sources in the micro-grid is seen as one of the important 
ways of reducing the carbon dioxide emissions [4]. Majority of 
these units can produce relatively small power outputs. This means 
such generators are conveniently connected at lower voltages with 
in the distribution system. Micro-grid also provides supply to areas 
where transmission and distribution network does not exist. In 
developing countries, they consider micro-grid as an attractive 
option in remote areas far away from the distribution transformer 
[5]. Further, micro-grid concept had permitted intentional islanding 
when required, thereby providing reliable supply to a consumer 
group [6]. Such autonomous operation requires a stable micro-grid, 
which can independently supply power to select customers. Such 
an autonomous operation requires several distributed generators to 
provide the necessary reliability. Sizing of generators for 
autonomous operation becomes significant in this context. Earlier, 
a number of algorithms were developed for sizing the generators in 
a micro-grid. Edwin Haesen et al proposed a sizing algorithm 
based on minimizing the losses and not for an autonomous 
operation [7]. Mallikarjuna et al proposed another algorithm based 
on simulated annealing and here again sizing for autonomous 
operation has not been considered [8]. Subsequently, sizing based 
on detailed annualized cost calculations was proposed [9], which 

had not also considered sizing for isolated operation. With this 
background, this paper proposes a sizing methodology for the 
distributed resources in a micro-grid, where the sizing algorithm 
also includes criterion for independent operation of the micro-grid. 
Further, such reliable autonomous operation becomes a necessity 
during preplanned (intentional) islanding, when maintenance work 
is carried out. Furthermore, an unplanned (unintentional) islanding 
is inevitable due to unexpected failure of main grid, caused by a 
network fault [10]. 
 

2. Structure of the micro-grid 
A 12kV radial distribution system with 4 laterals and 33 

nodes as shown in Fig.1 is taken in this work. 
DG’s are connected at nodes 2, 5 and 32. Siting of these 

generators is based on the availability and access to resources 
and this has not been considered in this work. 

 

 
 
Fig.1. One line diagram of the standard IEEE 33-bus                 
Distribution system with DG’s  at nodes 2,5 and 32. 

 
The load flow analysis for radial distribution network 

is carried out using forward sweep method [11]. The line data 
and load data of the above radial distribution system is taken 
from Selvan et al [12]. 

 
3. Problem formulation 

 
As a matter of fact, micro-grids has the potential to increase 

the integration of renewable energy sources and other 
distribution sources into the utility network. Hence, the 
distributed resources considered in the micro-grid are wind, 
solar and gas turbines. The objective is to design a system with 
generators whose sizes are optimally chosen. Such design would 
reduce the installation cost of generators. Further, these 
generators should ensure that in the absence of supply from the 
main point of connection (POC), they can independently feed 
the demand. In such autonomous operation, the current drawn 
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from the POC should be zero and the voltage magnitudes at all 
the nodes have to be close to its nominal value. 

 Evidently, there is a constant variation of wind speed, 
wind direction and irradiation. These variation are pronounced 
with seasonal changes.  So, the varying characteristics of the 
resources result in varying electrical power output from these 
sources.  Hence, the problem of optimization of the sizes of the 
generators in the proposed work is to minimize the objective 
function (hybrid generator cost)   
                     ggssww acacacz ++= ;                                          
subjected to the seasonal variations in demand and supply along 
with constraints for islanded operation as stated below:  

                    
gwswwww

gssswss
aGaSaWD

aGaSaWD
++≤

++≤
                             (1)    

    (1)                      
      Im < 0.001 pu  (for islanded operation) ;              (2)                                                     
and               Vi-Vnom< �.       i=1,2,3-----33.            (3)                                                       
    
where Im is the current drawn from the POC, Ds and Dw 
represent the loads in summer and winter, while Ws, Ww and Ss , 
Sw and Gs represent the energy harnessed by  the wind, solar 
respectively in summer and winter.  gsw c,c,c  

represents the 
costs of wind, PV  per unit area and gas generator per 200Wh 
respectively. sw a,a  are area coefficients for wind and solar 
and  ga represents gas plant capacity.  

4. Methodology of sizing 
 

A steady supply of wind with reasonable speed is an 
essential requirement for harnessing the power in the wind.  
Modern wind generators are designed to reach   rated output at a 
wind speed of 10 - 15 m/s.  The power available to a wind 
turbine is the kinetic energy passing per unit time in a column of 
air with the same cross sectional area as the wind turbine rotor.  
The wind energy (W) harnessed from a wind turbine of unit area 
of cross section (1 m2) in terms of wind velocity is given by [13] 

    ( )3
2

vdW airρ�
�
�

�
�
�=                         

Where, ρair  is the air density(kg/m2), v  is the daily average 
wind velocity (m/s) and d  is the duration of one day(24 hrs).  
The net energy that can be extracted from the wind by a turbine 
is limited by the Betz limit ( maxpC ) and the energy supplied by 
a wind turbine of radius r  is given by  
                   WaWrC wpw == )( 2πε                            

where pC  is the dimensionless power coefficient and 
2rCa pw π=  and r is the radius of the rotor.  

Similary, if A  is the PV array area in m2 and S  is the 
average solar radiation in Wm-2 on the array for a day and η  is 
the conversion efficiency, then the energy supplied by the array 
is given by  
                                  SaAS spv == ηε                      

 where, η=Aas .   
 

4.1 Algorithm 
 
1. The objective function is considered along with the 4 
constraints given in equations (1)-(3). Initial sets of aw, as, ag are 
generated randomly for optimization.    

2. For each set of aw, as and ag it is checked if demand constraints 
are satisfied.  
3. DG’s are connected at nodes 2, 5 and 32 and Load flow 
analysis is carried out for the distribution system for a given set 
of aw, as and ag to check whether the voltages at each node are 
within specified limits. 
4.With sets of feasible solutions, GA algorithm for optimization 
is employed. 
5. After the optimal solution is obtained using GA,  load flow 
analysis is once again performed with the obtained optimal 
values to check whether all the constraints are satisfied. 
 

5. Case study 
 

The generation of energy from the respective resources 
should meet the load. The PV array of surface area of 0.5 m2 (A) 
supply 1000Wh ( stdASη ) at standard conditions; 412.5Wh 
( sumASη ) during summer and 67.5Wh ( winASη ) during winter.  

Also, a wind turbine of swept area 0.5m2 ( 2rπ ) supply 2250Wh 

at standard conditions, 1050Wh ( winp WrC 2π ) during winter 

and 450Wh ( sump WrC 2π ) during summer. The gas turbine will 
supply a constant output both during summer and winter. The 
cost coefficients cw and cs (cost per unit area of 1 m2) and cg(cost 
per 200Wh)  are taken as $250, $666.66 and $312.5 respectively.  

The Load during winter and summer are DS = 3.715 MW, 
DW = 4.458 MW respectively. 

The proposed sizing algorithm using GA was tested with the 
above data for variations in solar and wind resources and load in 
winter and summer.  The GA was implemented in MATLAB 
using the Genetic and Evolutionary Algorithm (GEA) toolbox 
[14]. The number of chromosomes (N) in the initial population 
was chosen to be 30.  The fitness of each chromosome was 
evaluated and roulette wheel selection was employed to select 
the chromosomes for mating.  Discrete recombination’s in 
which the variables are exchanged between the individual 
chromosomes were carried out on the population.  The 
probability of recombination (Pc) occurring between the 
chromosomes was set to 0.7.  Following this, the chromosomes 
were mutated with a mutation rate (Pm) of 0.01.  

For a load during winter and summer specified as DS = 
3.715 MW, DW = 4.458 MW respectively, the following optimal 
solution was obtained using the proposed algorithm: 

 13.0;24.0;08.2 === gsw aaa  
From the above value of aw, the swept area of the 

wind turbine is found to be 10795.2m2. The energy supplied by 
the wind generator is calculated from the data assumed earlier as 
4.049 MW during winter and 3.4 MW during summer.  
Similarly, the surface area of the PV array is calculated as 
2229.6 m2 per unit and the PV array would supply 367.785 kW 
during summer and 60.183 kW during winter. Gas generator 
will supply 743 kW during summer and winter. Typical values 
of Cp (0.3) and η (0.15) are used in the above calculations. The 
optimal cost obtained from the above analysis is $16.042*106. 
By using these optimal values for the sizes, load flow analysis is 
carried out for systems with different loads (i.e. summer and 
winter). 
                            For the network in Fig.1 load flow analysis is 
carried out with optimized generator size and the results are 
presented in Table 1.  
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Table 1: Voltages in pu for network in Fig. 1. With and without 
distribution network, using ETAP and without main feeder 

 
 

 
5. Conclus�ons 

 
A 33 bus radial distribution system with distributed 

resources is taken up for islanded operation.  The sizing problem 
for the distributed resources has been formed by taking isolated 
operation requirement as one of the constraints.  This new 
constraint included is in addition to other constraints such as 
variation in generation and demand during summer and winter.  
The sizing of the generators were carried out using GA. The 
voltages at the various nodes are within the limits in both 
summer and winter, when the radial distributor is operated with 
DGs and the mains and with DGs alone, thus bringing out the 
significance of the proposed design methodology.   
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                  Fig.2. Node voltages in autonomous and non-

autonomous  modes. 
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