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Abstract— This paper presents a novel iterative approach for determination of the optimal size of distributed generation 
source located at any given bus of a distribution network to minimize the active power loss in the network in the absence of 
inequality constraints that can be imposed by various operational limits. The proposed approach is capable of finding the 
optimal size with significantly less computation than is required by the evolutionary population based iterative approaches 
reported earlier for the solution of this type of problems. The method is a generalized one as it is capable of finding the 
optimal size irrespective of absence or presence of harmonic source in the network. However, it is particularly useful when 
harmonic sources are present in the network as no analytical solution is available in such situation. Analytical solution 
requires the least amount of computation, but such solution is available for finding optimal size of DG units only when no 
harmonic source is present. The proposed approach has been tested on two benchmark distribution test networks, and the 
results are presented to show its efficacy. 
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I. INTRODUCTION 
 
Penetration of distributed generators (DG) into 
electric power distribution system has been increasing 
rapidly over the last few years owing to increased 
emergence of renewable energy sources. The primary 
purpose of a DG unit is to inject real power to a 
distribution network. Insertion of DG’s in the 
distribution network can provide various technical, 
economical and environmental benefits [1]. However, 
installation of non optimized sizes of DG’s at 
arbitrary locations can result in degraded voltage 
profile and increased system losses. This would 
consequently drive cost escalation, and various other 
undesirable effects [2-3]. It is therefore necessary that 
the sizing and location of DG units should be sensibly 
planned. 
The two major benefits achieved through optimal 
siting and sizing of DG’s and are mostly considered 
for studies by various researchers are reductions in 
network power loss and voltage profile improvement. 
The problem of loss minimization and voltage profile 
improvement by optimal DG placement has been 
addressed by many researchers [4-14].Various 
approaches such as sensitivity based methods [4-5], 
evolutionary search based optimization [6-13], and 
load flow based approaches[14]have been reported 
with both single objective and multi-objective 
optimization approaches. All the aforementioned 
approaches are computationally intensive. Analytical 
approaches have been suggested by authors [15-17] 
for determining the optimal size for minimizing the 
network loss. These methods require much less 
computation but are capable of finding unconstrained 
solution only. However, none of the above methods 
have considered the presence of harmonic sources in 
their studies. 

It has been observed that increased use of power 
electronic devices has resulted in either or both 
current and voltage distortions, leading to harmonic 
pollution in a distribution network. Combination of 
electronic loads and power electronics based DG 
units using voltage source inverters can inject 
harmonic currents into the network leading to 
distortions in bus voltages. These distortions in 
currents and voltages may have detrimental effects on 
system operation, protection, stability and reliability 
issues, and also causes an increase in power loss in 
the network[18-20]. Optimal DG planning for loss 
minimization in these situations should consider 
minimization of the total active power loss including 
the harmonic losses while various operational limits 
can appear as different inequality constraints 
according to the planning requirements [21-24]. 
Considerations of the effects of harmonics in optimal 
siting and sizing of DG have been reported by some 
authors [25-28]. Few studies have considered loss 
minimization along with minimization of total 
harmonic distortions in bus voltages with constraint 
on maximum and minimum limits on bus voltages 
[25]. Others have considered loss minimization with 
constraints imposed on limits on both bus voltages 
and total harmonic distortions [26]. All these studies 
have used computationally intensive methods such as 
Evolutionary Programming [25], Genetic Algorithm 
[26], Particle Swarm Optimization [27], and Particle 
Swarm Optimization in combination with Mixed 
integer non-linear programming and sensitivity 
analysis [28]. 
In the present study, a novel iterative method is 
proposed to determine optimal size of DG unit 
located at any arbitrarily selected bus for loss 
minimization in distribution network. The proposed 
method is equally applicable for networks without 
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any harmonic source or with harmonic sources (such 
as non linear loads and non sinusoidal DG units) 
present. The method is capable of finding the 
unconstrained optimal size, and requires significantly 
less computation than is required by the evolutionary 
population based iterative approaches. When no 
harmonic source is present, the method requires only 
few distribution load flow (DLF) to reach the desired 
solution. In the presence of harmonic sources, only 
few harmonic load flow (HLF) will be required to 
arrive at the solution. Both the DLF and HLF 
programs are developed using Mat lab platform and is 
based on the principle of Backward Forward load 
flow[29-33]. Though the analytical approaches [15-
17]are computationally less demanding than the 
proposed method, they are not applicable in the 
presence of harmonic sources in the network.  
This paper is organized in the following manner. 
Section 2 explains the proposed methodology. The 
problem formulation and the computational steps are 
presented in Section 3. Section 4 presents the results 
of study performed on benchmark IEEE-33 and 
IEEE-69 network. Section 5 presents the conclusions 
drawn from the study undertaken.   
 
II. BASIS OF THE PROPOSED APPROACH 
 
The proposed approach is based on the following 
observations: 
 
a. It has been shown by earlier authors [16], that 
when no harmonic source is present in the network, 
the network power loss varies parabolically with the 
DG size at any given bus. That means the loss 
continues to decrease up to a certain size of DG, till it 
reaches minimum, and then goes on increasing for 
further increase in DG size. A rigorous study has 
been done by the present authors with repeated HLF, 
by placing non sinusoidal DG at different arbitrarily 
selected buses taken one at a time, and by varying the 
DG size in small steps. This study has revealed that 
the variation of network power loss with the size of a 
non sinusoidal DG source placed at any given bus has 
almost same nature as that with a sinusoidal DG 
placed at the same bus. Fig. 1(a) and Fig. 1 (b) show 
these variations (henceforth will be termed as Loss 
curve) for some of the buses of IEEE-33 bus network 
[35] and IEEE-69 bus network [36] respectively. As 
these two network data do not incorporate any non 
linear loads, non sinusoidal DG has been used as the 
harmonic source to introduce the effect of harmonics. 
To maintain clarity of the figures within the limited 
availability of space, the loss curves are shown for a 
few arbitrarily selected buses only. The total active 
power loss in the network including the losses due to 
harmonics is calculated as: 

2( )
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                                    (1)

H B h
loss m m

h m
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     where, H is the total number of harmonics, B is 

the total number of branches in the network, h
mI  

is the rms value of the h th harmonic component 

of current through the m th branch, and mR   is 

the resistance of the m th branch. h
mI  is obtained 

from harmonic load flow (HLF) as presented in 
[31-32].  

 
Fig.1(a). Loss  curves for different buses of  IEEE- 33 bus 

network 
 

When no harmonic sources are present in the network 
the power loss is given as:  
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Fig.1(b). Loss  curves for different buses of  IEEE- 69 bus 

network 
 

b. Fig.2 shows a typical loss curve where 
 and Min MaxS S  are the minimum and maximum DG 

size to be considered, and uS  is the optimal size for 
which the network power loss becomes minimum in 
the absence of any constraint. At a size S  with

Min uS S S  , a small increment s  in size will 
result in decrement of loss while a decrement s will 
increase the loss. On the other hand, if

,Max uS S S  an increment s will increase the 
loss whereas a decrement of same amount in size will 
result in reduction in loss. For ,uS S�  a small 
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change s in size will not cause any perceptible 
change in the amount of loss, i.e., the loss changes 
only by a very small amount less than some small 
tolerance . The above facts can be used a criteria to 
check whether   or    or  h h hS S S S S S  � , 
where, S is any arbitrary size of the DG.  
 

 
Fig. 2. A typical loss curve 

 
III. PROPOSED METHODOLOGY 
 
3.1 The iterative process: 
The proposed iterative method is demonstrated with 
the help of Fig. (1) to Fig.(3) , where, (0)

uS
 
is the 

initial estimate of uS  with which the iteration starts, 
and, is given by 

                
(0)                                   (1)

2
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and (1)
uS and (2)

uS  ,respectively, are the first and the 
second estimates obtained iteratively (using r=0 and 
r=1) from the following equation:    
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( ) ( 1) if   and r r
u uS S  are on the two sides of uS  (as 

shown in Fig.3(a) and Fig.3(b)).              
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uS  remains unchanged when ( ) ( 1)  and  r r

u uS S   are 

on the same side of uS (as shown in Fig. 3(c)).  

As example, in Fig. 3(a), (1)
uS  is obtained by putting 

r=0, and ( )old
u MinS S  in equation (2) as (0) .u uS S

Thus (1)
uS is given as follows: 
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where as in Fig. 3(b), (1)
uS is obtained by putting r=0, 

and ( )old
u MaxS S  in equation(2) as (0) ,u uS S  and, as 

a result (1)
uS  in Fig. 3(b) is given as 
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Fig.3 (a): Demonstration of the proposed 

 
The second estimate (2)

uS in Fig. 3(a) is obtained from 

equation(2) by putting r=1, and ( )old
uS  remains same 

as the previous value (i.e. MinS ) as (1) (0)  and  u uS S are on 
the same side of .uS  Thus, 
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whereas, in Fig. 3(a ) and Fig.3 (b), ( ) (0) ,old
u uS S  as 

(1) (0)  and  u uS S are on the two sides of .uS In this case, 
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The iteration continues until convergence is obtained 
i.e., the condition ( )r

u uS S� is reached. The 
convergence is checked with the help of the criteria 
mentioned under observation (2) in section 2.    
 

 
Fig.3(b): Demonstration of the proposed iterative process 

 

 
Fig.3(c): Demonstration of the proposed iterative process 
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3.2 Computational Steps: 
The following computational steps are developed for 
determining the optimal size of DG unit for a     given 
bus: 
1. Select a bus and set , , , ,  and .Max Min L MaxS S THD s r  

2. If 0,MinS   then using the criteria (as set in 
observation (2)), check if .Min uS S  If yes, then 
set opt MinS S and go to step 13, else go to next 
step. 

3. Using the criteria (as set in observation (2)), check 
if .Max uS S  If yes, then set opt MaxS S  and go 
to step 13, else, go to next step. 
 

4. Set r=0. 

5. Calculate ( ) .
2

r Min Max
u

S SS 
   

6. If ( ) ,r
u uS S�  then set opt uS S and go to step 13, 

else, go to next step. 
7. Set ( ) ( )  if  old r

u Min u uS S S S   

                 
( )  if  r

Max u uS S S           

8. Calculate 
( ) ( )

( 1)
2

r old
r u u

u
S SS  

        

9. If ( 1) ,r
u uS S �  then set ( 1)r

opt uS S  , and go to 
step 13, else, go to next step. 

10. Set ( ) ( 1) ( ) ( 1)  if   and old r r r
u u u uS S S S    are on the two 

sides of  ,uS or, 

      keep ( )old
uS unchanged if ( ) ( 1) and r r

u uS S  are on the 

same side of  .uS  
11. Set 1r r    
12. If ,Maxr r  then go to step 14, else, go to step 8. 
13. Print/Display the value of optS  and go to step 15. 
14. Print/Display ‘No convergence’. 
15. Stop. 
 
IV. RESULTS AND DISCUSSION 
 
The proposed method was applied on two benchmark 
radial distribution test networks, namely, IEEE-33 
bus network and IEEE-69 bus network, to 
demonstrate its efficacy. For the 33 bus network, bus 
nos. 6 to 15 are chosen as candidate buses, while bus 
nos. 6 to 27 are chosen for the 69 bus network. A six-
pulse inverter based DG is considered, which also 
acts as the harmonic source in the network. The 
harmonic order of the 6 pulse converter used for 
harmonic modeling of the DG is in accordance to 
[37-38], and is given in Table A1 in the appendix. For 
study without harmonics only the fundamental results 
are considered. Unity power factor DG has been 
considered. The results are summarized in Table 1(a) 
to Table 2(b), which enlist the optimal DG size for 
each candidate bus. The minimum and maximum 

limit on the size of DG unit to be installed has been 
assumed to be 500 kW and 3000kW respectively. The 
substation bus voltage for this study is assumed to be 
1.02 p.u. The solutions are obtained with 5kW,s   

20Maxr  and 0.00001  (which is equivalent to 
0.1 kW). The results obtained by the proposed 
method are compared with those obtained by Particle 
Swarm Optimization (PSO) techniques [33-34]. 
Two case studies have been carried out to study the 
effect of DG placement in the presence and absence 
of harmonic sources in the network on active power 
losses in the system.  
Case-1: Optimal DG size for minimum loss in the 
absence of harmonics. 
Case- 2: Optimal DG size for minimum loss in the 
presence of harmonics. 

 

 
Table 1(a) and 1(b) shows the results obtained for 
IEEE-33 and IEEE-69 bus system when harmonic 

Table 1(b): Optimum DG sizes for IEEE-69 bus network in     
absence of harmonics 

 
Bus 
No 

Optimum DG size using 
New Iterative Approach 

Optimum DG 
size using PSO 

Size 
(kW) 

PLOSS 
(kW) 

No. of 
DLF 
reqd. 

Size 
(kW) 

PLOSS 
(kW) 

6 3085 192.17 12 3082 192.17 
7 3023 170.93 12 3020 170.93 
8 3012 166.04 10 3007 166.04 
9 2990 163.66 10 2987 163.66 
10 1959 173.41 12 1955 173.41 
11 1837 174.25 12 1836 174.25 
12 1500 177.95 8 1495 177.95 
13 1182 182.92 12 1180 182.92 
14 998 185.51 8 996 185.51 
15 879 186.99 8 876 186.99 
16 855 187.18 8 858 187.18 
17 829 187.66 8 824 187.66 
18 768 188.79 8 764 188.79 
19 739 189.4 8 739 189.4 
20 724 189.76 8 719 189.76 
21 703 190.3 8 701 190.3 
22 699 190.33 8 699 190.33 
23 690 190.73 8 685 190.73 
24 664 191.54 8 661 191.54 
25 611 193.25 8 608 193.25 
26 594 193.88 8 592 193.88 
27 586 194.23 8 582 194.23 

 

Table 1(a): Optimum DG sizes for IEEE-33 bus 
network in absence of harmonics 

Bus 
No 

Optimum DG size using 
New Iterative Approach 

Optimum DG size 
using PSO 

Size 
(kW) 

PLOSS 
(kW) 

No. of 
DLF 
reqd. 

Size 
(kW) 

PLOSS 
(kW) 

6 2574 99.619 6 2570 99.619 
7 2435 100.58 6 2437 100.58 
8 2084 105.6 6 2081 105.6 
9 1731 111.31 6 1728 111.31 
10 1502 115.13 8 1501 115.13 
11 1467 115.78 6 1465 115.78 
12 1403 117.14 8 1402 117.14 
13 1205 122.01 8 1206 122.01 
14 1147 123.71 6 1146 123.71 
15 1088 126.21 6 1084 126.21 
16 1013 129.44 6 1012 129.44 
17 905 135.01 6 900 135.01 
18 852 144.24 6 850 144.23 
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sources are not present. From the tables it is obvious, 
that the result obtained by the proposed method is 
very close to that obtained by PSO, but the number of 
DLF required by the proposed method for each bus is 
quite small. The maximum number of DLF required 
is 12 whereas, PSO requires large number of DLF 
(may be few hundreds) for each bus.  

 
Table 2(a) and 2(b) show the results when harmonic 
sources are present.  The maximum number of HLF 
required is 12, whereas, PSO requires large number 
of HLF for each bus. It is obvious that comparable 
results are obtained by the proposed method at the 
cost of significantly less computation.  
 
CONCLUSIONS 
 
This paper proposes a novel iterative method for 
calculating the optimal DG size located at any 

arbitrarily selected bus. The method requires 
significantly less computation than is required by the 
evolutionary methods. The method is generalized as it 
is equally applicable in both cases when harmonic 
sources are present in the network or not. The results 
shown corroborate with the above statements. 
Though the proposed method can find unconstrained 
optimal size of DG units, it is expected that it’s 
capability of fast detection of the same can contribute 
significantly in reducing the amount of computation 
for finding the constrained optimal size. An 
investigation in that direction is being carried out by 
the present authors, and the results will be reported 
shortly. 
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APPENDIX 

 

Table A1: Current harmonics spectrum of 6-pulse Inverter 

Harmonic 
Order 

Mag. 
(%) 

Harmonic 
Order  

Mag. 
(%) 

Harmonic 
Order 

Mag. 
(%) 

1 100 17 5.9 35 2.86 
5 20.0 19 5.3 37 2.7 
7 14.3 23 4.25 41 2.4 
11 9.1 25 4.0   
13 7.7 29 3.45   

 


