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Abstract— The study focused on evaluation of 
ant colony optimisation-based distributed 
generation sizing and location on IEEE 33 bus 
network. The single line diagram of the case study 
IEEE 33-Bus network was along with the flow 
diagram of the improved Backward/Forward 
Sweep method used to carry out the power flow 
analysis from which the power losses, voltage 
profile and Voltage Deviation Index (VDI) were 
determined for the base case when no distributed 
generation system was included in the IEEE 33 
bus network.  The results showed that for the 
baseline case, the total real power loss of 202.4 
kW and the total reactive power loss of 135.1 kVar 
were realized and the losses amount to 
5.448183042 % of the total real power and 
5.873913043% of the total reactive power with 
Voltage Deviation Index (VDI) of 11.64 %. The 
maximum voltage was 0.997 pu which occurred at 
bus number 2 and the minimum voltage was 
0.9134 pu which occurred at bus number 18. The 
results obtained from the ACO placement and 
sizing of DG on the IEEE 33 bus showed that the 
reduction in real power losses with respect to the 
baseline (no DG) for the three scenarios were 42.1 
% for 1 DG, 52.2 % for 2 DG and 54.1 % for 3 DG. 
Also, the reduction in reactive power losses with 
respect to the baseline (no DG) for the three 
scenarios were 39.1 % for 1 DG, 50.4 % for 2 DG 
and 53.9 % for 3 DG. 

Keywords— Ant Colony Optimisation, Power 
Losses, Voltage Profile, IEEE 33 Bus Network, 
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1. INTRODUCTION 
Over the years, studies have shown that optimal 

placement and sizing of Distributed Generation (DG) units 
in the power distribution systems play a significant role in 
maximising the advantages and minimising undesirable 
effects [1,2,3]. DG integration can lead to reduction in 
power losses, improvement of voltage stability, 
improvement in resilience, and improvement in the capacity 
to serve increasing demand [4,5,6]. To overcome this 
difficult optimisation problem, there is need to employ a 
range of approaches, including conventional methods, AI-
like approaches, hybrid solutions [7,8].  Without optimal 
DG placement, the system suffers from more losses and 
lower performance, so getting the right placement is 
important [8,9,10]. 

Consequently, in this paper, Ant Colony 
Optimization (ACO) is presented for DG sizing and 
placement on IEEE 33 bus. ACO is a metaheuristic 
technique that mimics the ants’ foraging behaviour by 
applying artificial pheromone trails in the solutions 
computation [11,12,13]. ACO employs probabilistic 
algorithm to generate candidate solutions based on the 
available pheromone information and heuristic data 
[12,13,14,15]]  The application of ACO in power systems 
span across different topics; it has been used to tackle 
problems like minimization of fuel cost, enhancement of 
voltage profile as well as  voltage stability improvement 
[16,17,18]. The ACO technique was successfully applied to 
economic dispatch problems which entails generation costs 
minimization for a given load demands [19]  Given the 
capabilities of ACO technique, this work employs the ACO 
DG sizing and placement algorithm to minimize power loss 
while at the same time enhancing the voltage stability. The 
study specifically, applied the ACO algorithm under DG  
different configurations so as to evaluate the effect of 



JM

dif
stab
 
 
 
 
2. M
 
Th
em
Dis
sin
is d

MESTN423544

fferent numbe
bility of the IE

METHODOL

e Ant Colo
mployed to de

stributed Gene
ngle line diagr
depicted in Fig

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Li
n
e	
R
es
is
ta
n
ce
	(
Ω
)	
an
d
	L
in
e	
R
ea
ct
an
ce
	(
Ω
)

441 

er of DGs on
EEE 33 radial

LOGY  

ony Optimis
etermine the 
eration (DG) 
ram of the cas
gure 1. The gr

Figure 

0

1

2

3

4

5

6

7

8

9

1

1 3

n the power l
l power distrib

sation (ACO
optimal size 
on IEEE 33 b

se study IEEE
raphical plot o

 1. The single

Fi

5 7

w

loss and volt
bution network

O) algorithm 
and location

bus network.  T
E 33-Bus netw
of the line data

e line diagram 

gure 2  IEEE

9 11 13

#R

Journal 

www.jmest.or

tage 
rk. 

is 
n of 
The 

work 
a of 

the
dem
Th
flo
the
Ind
gen
Th
the
Pse
Op
in t
 

of the case st
 

E 33 bus test s

3 15 17

Bus	Numb

REF!

of Multidisciplin

rg 

e 33 bus netw
mand data of 

he Improved B
ow analysis (s
e power losse
dex (VDI) f
neration syste

he Ant Colony
e DG sizing a
eudocode pre
ptimisation (A
this study are 

tudy IEEE 33-

system line d

19 21

er	

#REF!

nary Engineerin

work is present
f the network 
Backward/Forw
shown in Figu
es, voltage p
for the base 
em is included
y Optimisatio
and placemen
esented in Se

ACO) algorith
shown in Tab

-Bus network 

ata 

23 25

ng Science and T

Vol. 11 Iss

nted in Figure 
is also presen

rward Sweep m
ure 4) is appl

profile and V
case where

d in the IEEE
on (ACO) alg
nt is captured
ection 2.1. T

hm control pa
ble 1. 

[20,21] 

27 29

Technology (JME
ISSN: 2458-9

ue 1, January - 2

17

2 while the l
nted in Figur
method of po
lied to determ

Voltage Deviat
e no distribu

E 33 bus netwo
gorithm used 
d using the A
The Ant Col
arameters as u

 

 

31 33

EST) 
9403 
2024 

098 

load 
e 3. 

ower 
mine 
tion 
uted 
ork.  
for 

ACO 
lony 
used 



Journal of Multidisciplinary Engineering Science and Technology (JMEST) 
ISSN: 2458-9403 

Vol. 11 Issue 1, January - 2024 

www.jmest.org 
JMESTN42354441 17099 

 

Figure 2  IEEE 33 bus test system load demand data 
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Figure 1  Flow diagram of Improved Backward/Forward Sweep method of Power Flow analysis 
2.1  The Ant Colony Optimization (ACO) Pseudocode 

for DG placement and Sizing 

i. Initialize necessary parameters, pheromone trials, 
and candidate locations for DG; 

ii. while not termination do: 
iii. Generate ant population; 
iv. for each ant do: 

v. Select a candidate location for DG based on 
pheromone trials and heuristic information; 

vi. Determine the size of DG at the selected location; 
vii. end for 

viii. Evaluate the fitness of each solution (i.e., power 
loss and voltage stability for the given DG 
placement and sizing); 

ix. Update pheromone trials based on the quality of 
solutions; 

Read Load Data

Convert to Per Unit Value 

Set Node Voltage to 1 p.u. 

Backward sweep 
Update node voltage 

NO 

NO

YES 

Start

𝐂𝐨𝐧𝐯𝐞𝐫𝐠𝐞𝐧𝐜𝐞 ?

Read Line Data

Order the Elements 

Forward sweep 
Calculate branch current of derivative 
Calculate branch current of main line

Compute branch power losses and total losses 
and print results  

Load change 

Topology change? 

YES

YES 

NO 
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x. end while 
xi. Return the best solution found; 

xii. end procedure. 

 

Table 1: The Ant Colony Optimization (ACO) algorithm control parameters as used in the this study 

Parameters Values Explanation 
Population size 50 This defines the number of search ants exploring the solution space 

concurrently.  
Maximum iterations 100 This sets the maximum number of times the ACO loop (ant movement and 

pheromone update) will be executed. It monitors convergence behaviour 
during simulations.  

Alpha (α) 0.1 This parameter controls the relative importance of pheromone trails in 
guiding ant movement.  

Beta (β) 1.0 This parameter controls the relative importance of the heuristic information 
(objective function value) in guiding ant movement.  

Rho (ρ) 0.9 This parameter controls the rate of pheromone evaporation. Higher values 
lead to faster decay of pheromone trails, encouraging exploration of new 
areas.  

 
 

3. RESULTS AND DISCUSSIONS 
 
The results obtained from the load flow analysis conducted 
using Improved Backward/Forward Sweep method are 
shown in Table 2.  The results (in Table 2 and Figure 2) are 
for the case of no DG in the network. In this case, the total 
real power loss of 202.4 kW and the total reactive power 

loss of 135.1 kVar are realized without DG and the losses 
amount to 5.448183042 % of total real power and 
5.873913043% of total reactive power with voltage 
deviation index (VDI) of 11.64 %. The maximum voltage 
obtained is 0.997 pu which occurred at bus number 2 and 
the minimum voltage obtained is 0.9134 pu which occurred 
at bus number 18. 

 
 

Table 2  The results obtained from the load flow analysis for the base case where there is no DG 

Parameters Base Case Parameters Base Case 

Total real power demand 
(kW) 

3715 
Minimum voltage (pu) 0.9134 

Total reactive power 
demand (kVAR) 

2300 Minimum voltage bus 
number 

18 

Total real power loss 
(kW) 

202.4 
Maximum Voltage (pu) 

0.997 
 

Total reactive power 
loss(kVAR) 

135.1 Maximum voltage Bus 
number 

2 
 

Voltage deviation Index, 
VDI  (%) 

11.64 
 

Voltage deviation index 
(%) 

11.64 
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Figure 2  The total power demand and power losses in the bus for the case without  DG

The results obtained from the ACO placement and sizing of 
DG on the IEEE 33 bus are presented in Table 3, Figure 3 
and Figure 4. The results presented in Table 2 is from the 
ACO optimized DG placement in the case study power 
distribution network with 30% penetration. The bar chart in 
Figure 3 illustrates the impact of DG placement on power 
losses within a distribution network using the ACO) 
algorithm with 30% penetration and it is implemented in 
four scenarios: the base case (without DGs) and after the 
placement of one, two, and three DGs. It is shown in Figure 

3 that the power losses reduce as more DGs are optimally 
sized and located in the bus network. The reduction in real 
power losses with respect to the baseline (no DG) for the 
three scenarios are 42.1 % for 1 DG, 52.2 % for 2 DG and 
54.1 % for 3 DG. Also, the reduction in reactive power 
losses with respect to the baseline (no DG) for the three 
scenarios are 39.1 % for 1 DG, 50.4 % for 2 DG and 53.9 
% for 3 DG. 
 
 

 
Table 3: ACO-Optimized DG Placement Results (30% Penetration) 

Parameter Base Case 1 DG 2 DGs 3 DGs 
Total real power loss (kW) 201.891 117 97 93 

Total reactive power loss (kVAR) 134.641 82 67 62 
Real power loss reduction (%) - 42.1 52.2 54.1 

% Reactive power loss reduction - 39.1 50.4 53.9 

Minimum voltage (pu) 0.9134 0.932914 0.933221 0.940068 
Minimum voltage bus number 18 18 18 18 

Maximum voltage (pu) 0.9834 0.997818 0.997832 0.997806 
Maximum voltage bus number 2 2 2 2 

Voltage deviation index (%) 11.28 6.24 4.86 4.49 
DG Location (Bus No.) - 26 30, 33 31, 11, 31 

DG Real Power Size (kW) - 1043 546, 502 366, 303, 351 
DG Reactive Power Size (kVAR) - 381 105, 232 171, 67, 59 
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be used to optimally size and locate DGs on the IEEE 33 
bus network. 
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