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Abstract: This paper exhibits a methodology for distribution 

expansion planning utilizing multi objective Particle Swarm 

Optimization (PSO). The Optimization objectives are power losses, 

Investment & Operating costs, Improve voltage profile. The PSO 

method has been verified by 30 real time nodal system. While 

planning the expansion and operation of distribution network, 

utilities have a complex combination of technical constraints, 

which must be considered together with the investment decisions 

on the behavior of the distribution system along the planning 

horizon. 

Keywords: Distributed network Expansion planning, PSO..  

I. INTRODUCTION 

Due to growing of power demand, power system distribution 

expansion planning is necessary; this can be achieved by 

adding distribution system to the network. In this manner, the 

goal of power distribution planning is to portray the 

improvement of the system to fulfill the future power need 

with an attractive level of intensity quality at any rate cost 

[10].The arranging procedure is separated in to two 

arrangements: long range arranging & short range arranging. 

The long-range arranging or planning is to guarantee all 

short-range choices have enduring worth and add to a 

minimum cost system. And to make certain choices that are 

made in the short-run planning have a low present worth 

expense and fit the long term needs. Short-run arranging or 

planning is required to make the system to supply capacity to 

the clients consistently to distribution system. 

II. PLANNING PROCESS 

There are three steps involved in planning process of 

distribution systems. Step1 is to identify alternatives. Second 

step is assessing them against criteria and third step is desired 

properties. To make best plan and proper decision the planner 

must consider the uncertainties while solving the planning 

problem. To pick or distinguish best arrangement, the options 

must be assessed against criteria and limitations [2]. The 

criteria and constraints are characterized by the problem 

formulation. The objectives & constraints in Distributed 

system planning are follows. 

A. Economical cost 

One goal to limit in any power system planning is cost. The 

affordable expense of a power distribution system can be 

partitioned into two sorts: capital expense and working 
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expense [10]. The capital expense incorporates the 

construction, development, installation establishment, and 

different expenses related with putting the system into 

operation.. The capital expense is considered as a one-time 

cost and the working expense as an intermittent expense. In 

addition, the capital expense is viewed as fixed expense while 

the working expense is viewed as factor cost. A fixed expense 

does not fluctuate as an element of any factor component of 

the framework, for example, the stacking of substations and 

lines. 

B. Voltage drop constraint 

Voltage drop characterizes constrains inside which service is 

required. The planning procedure can take quite a while and 

can be incredibly troublesome and costly if it is done 

manually. An improvement strategy utilizes a scientific 

definition of the planning issue and optimization algorithms. 

C. Active and Reactive power constraints 

The integration of DG units must cover the total active power 

losses and total load by considering total active power 

generation from the different sources as per the load demand. 

The reactive power generation is also considered depending 

upon the power generation. 

D.  DG generation active , reactive power limits 

The dynamic power created by every DG is confined by its 

lower and furthest points of confinement on the measure of 

generation through DG. The most extreme DG introduced 

limit points of installation have been considered as 20% and 

30% of rated capacity of substation. . The reactive power of 

every DG is confined by its lower and maximum boundaries. 

III. PROBLEM STATEMENTS 

A. Problem definition 

The issue of distribution system expansion planning is to find 

the zone and point of limit of substations and feeders to 

supply ability to a given capacity of future power demand at 

any rate cost with least expense, with a good power quality 

and meeting particular necessities. [3]. Even more expressly, 

the planning issue incorporates the decision of the number, 

region and size of substations and feeders with the true 

objective that the capital cost (fixed cost) and the cost of 

vitality energy losses (variable cost) is least; keeping up the 

radiality of the network and at the same time not harming the 

boundaries and voltage drop constraints. 
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B. Mathematical formulation: Multi objective Planning 

Model 

▪ Investment & Operating Cost 

The proposed planning methodology limits diverse cost 

capacities related to the operation & investment cost P1(x), 

energy loss cost P2(x) and power con-gestion cost P3(x). It is 

written as (1). 

Minimum P(x)={P1(x),P2(x),P3(x)}           (1)                           

The operation & investment cost for the total capacity of DG 

units indicated in (2). It states that by considering (2), DG 

units at different load buses are obtained by using 

optimization algorithm.  

S1= PDG,ij+ PDG,ij.Aj.aj.T    (2)             

Where, 

Icj and Ocj are the yearly based operation & investment cost 

of jth unit. 

N indicates distribution system load buses.  

T is operating time in hour’s yearly basis.  

Aj is the factor of availability  

aj indicates factor of  average capacity of jth DG unit. 

 

▪ Line real  power losses 

Real power loss is given by  

f=Prpl 

Prpl=          

        (3) 

Where, 

Nn=Total number of buses of Distributed system. 

PGni= generator active power output at bus ni [11] 

PDni= Demand of active power at bus ni 

Vmi=Bus voltage at mi 

Vni=Bus voltage at  ni 

Yni=Admittance of buses between ni & mi 

mi=Phase angle at mi 

ni=Phase angle at ni 

ni=phase angle of Yi=Ynini 

ni = Bus numbers at receiving end  

mi=Bus number of the sending end  

 

▪ Improve Voltage Profile 

 

F= 2 

Where, 

Vni=Voltage of bus ni 

Vrated=Rated voltage (p.u) 

C. Constraints 

▪ Active & Reactive power constraints of DG units 

Pdg,i
min≤PDG,i≤PDG,i

max 

QG,min≤QG≤QG,max 

▪ Active Power constraints of Distribution system 

lines 

│Pn,m(,v) │≤Pn,m,max 

│Pm,n(,v) │≤Pm,n,max 

 

▪ Voltage Limits 

Vni
minVni Vni 

max 

IV. M ULTI OBJECTIVE PSO 

Steps of Multi Objective PSO are [7] 

Step 1: Give system data input such as line data, bus data, and 

load data. 

Step 2: Newton raphson method of load flow analysis is used 

to calculate the losses. 

 Step 3: Consider initially iteration count k=0. Generate 

number of population as particles randomly. Generate 

velocities & positions of particles randomly. 

Step 4: Calculate the total loss in using equation (3) by 

considering bus voltage limits for each particle.  

Step 5: Comparison is done between objective value (OV) 

and its individual best by considering each particle. The 

current Pbest is decided when the OV is lesser than Pbest, 

also note the respective particle position. 

Step 6: From all the particles select minimum value of best 

particle. This is noted as overall Global best. 

Step 7: Best positions & velocities are updated. (step4 & 

step5) 

Step 8: Check the OV reached maximum boundary then go 

for step9 else set iteration value i=i+1 & repeat step4. 

Step 9: The real power losses are calculated by considering 

best location & sizing of DG’s.  

V. PROGRAM FLOW 

Multi objective program flow as shown in Fig. 1.The study 

has been considered for 30 bus real time system. Planning 

Schemes are shown in Fig. 2. Analysis made for placement of 

Two DG units for the real time 30 bus distribution system. 

 

 
Fig.1. PSO Flow chart 
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VI. RESULT AND DISCUSSION  

 

Fig. 2. Single line diagram of real time 30 bus system without DG 

 

Table-I: Power loss before & after optimization 

 

The results are obtained using PSO programming code in mat 

lab for optimal placement and losses are calculated. The 

results are shown in Table I for before and after optimization 

to place DG. The result which shown in Table-I clearly states, 

the losses are reduced after the PSO optimization. The 

amount of total loss reduced after the placement of DG’s is  

Power-Loss= 1.498207e+001 KW 

Power-Loss= 9.461983e+000 KVAr.  

The placement of two DG’s is shown in Fig. 3. 

 
 

Fig. 3.  Single line diagram of real time 30 bus system 

with DG 

 

Fig.4. shows variation of current at different busses before 

and after optimization. It also indicates that variation of 

current is reduced after PSO optimization shown in Fig. 5. 

And variation of power factor after optimization as shown in 

Fig. 6.     The analysis for the real time 30 bus system shows 

by placing the DG’s or using optimization the losses are 

reduced, variation of current and power factor is maintained, 

voltage profile at different buses are improved. 
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Fig. 4. Variation of current at different buses before 

optimization 

 

DG location Bus No Power Loss (KW) 

Before Optimization 

Power Loss (KVAR) 

Before Optimization 

Power Loss (KW) 

After Optimization 

Power Loss (KVAR) 

After Optimization 

DG 1 27 3.731229e+002 2.35624e+002 2.35667e+001 1.488095e+001 

DG2 18 2.6979e+002 1.39072e+002 1.714124e+001 1.082446+001 
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Fig. 5. Variation of current at different buses after PSO 

optimization 
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Fig. 6. Variation of Power factor at different                                                                               

after PSO optimization 

VII. CONCLUSION 

This paper presents basic power flow analysis is applied to 

calculate the losses for real time 30 bus network. Due to the 

placement of optimal DG’s & at optimal location voltage 

profile at different buses are improved & losses are reduced. 

After PSO optimization for the system approximately 4.15% 

of losses are reduced. Multiple DG’s are installed in the 

system and different type of constraints active & reactive 

power constraints of DG units & distribution system voltage 

profile have been considered.  
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