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Abstract-This project presents a new optimization
approach that employs an artificial bee colony (ABC)
algorithm to determine the optimal DG-unit's size and
location in order to minimize the total system real power
loss and improve the voltage profile. The ABC algorithm
is a new metaheuristic, population-based optimization
technique inspired by the intelligent foraging behavior of
the honeybee swarm. To reveal the validity of the ABC
algorithm, sample radial distribution feeder systems are
examined with different test cases.

Furthermore, the results obtained by the
proposed ABC algorithm are compared with those
attained via other methods. The outcomes verify that the
ABC algorithm is efficient, robust, and capable of
handling mixed integer nonlinear optimization
problems. The ABC algorithm has only two parameters
to be tuned. Therefore, the updating of the two
parameters towards the most effective values has a
higher likelihood of success than in other competing
metaheuristic methods. IEEE 34 bus system is the test
system taken for checking the reliability of the proposed
algorithm and the results are checked in ETAP 12.6 and
MATLAB.

Key words —Artificial bee colony (ABC), distributed
generation (DG), metaheuristic optimization
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1. INTRODUCTION

Utilities are continuously planning the
expansion of their electrical networks in order to face
the load growth and to properly supply their consumers.
The traditional solution is the construction of new
substations or the expansion of those already existent.
The key objective of any electricity utility company in the
current deregulating environment is to maximize the
quality of services by providing acceptable level of
voltage and reliability, also at the same time reduce the
electricity cost for customers with lowering the
investment, operation and maintenance costs. These
goals together with the rising demands of customers
have led to the increased growth of distributed
generation (DG).

Distributed Generation (DG) system is defined
as an electric power source of limited size (generally few
kW to few MW) and connected directly to the
distribution level at substation or distribution feeder; or
at customer level. DG may employ either renewable or
non-renewable energy to produce electricity with
minimum emissions. There are many DG technologies
including photovoltaic, wind turbine, fuel cells, small and
micro-sized turbine packages, internal combustion
engine generators, and reciprocating engine generators,
several of these have only been developed in the last few
decades.

Distribution systems are usually radial in nature
for the operational simplicity. Radial distribution
systems (RDSs) are fed at only one point which is the
substation. The substation receives power from
centralized  generating  stations  through  the
interconnected transmission network. The end users of
electricity receive electrical power from the substation
through RDS which is a passive network. Hence, the
power flow in RDS is unidirectional. High R/X ratios in
distribution lines result in large Ovoltage drops, low
voltage stabilities and high power losses.

Due to uncertainty of system loads on different
feeders, which vary from time to time, the operation and
control of distribution systems is more complex
particularly in the areas where load density is high.
Because of the dynamic nature of loads, total system load
is more than its generation capacity that makes relieving
of load on the feeders not possible and hence voltage
profile of the system will not be improved to the
required level. In order to meet required level of load
demand, DG units are integrated in distribution network
to improve voltage profile, to provide reliable and
uninterrupted power supply and also to achieve
economic benefits such as minimum power loss, energy
efficiency and load leveling. Such embedded generations
in a distribution system are called dispersed generations
or distributed generations.

Main reasons for the increasingly widespread
usage of distributed generation can be summed up as
follows
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e Itis easier to find sites for small generators

e Latest technology has made available plants
ranging in capacities from 10 KW to 15 MW

e DG units are closer to customers so that
Transmission and Distribution (T&D) costs are
ignored or reduced

e [t reduces the power loss and improves the
voltage profile

e It provides high reliability and power quality
improvement

This project aims at minimizing the total real power
loss in radial distribution system by optimal allocation
and sizing of distributed generation (DG) using Artificial
Bee Colony Algorithm (ABC). The ABC algorithm is a new
metaheuristic, population-based optimization technique
inspired by the intelligent foraging behavior of the
honeybee swarm. This technique was implemented in
IEEE 34 bus radial distribution system for optimal
allocation and sizing of distributed generation and the
same is recorded in this project.

2.LOAD FLOW STUDY

The objectives of load flow study are:

e Power flow analysis is very important in
planning stages of new networks or addition to
existing ones like adding new generator sites,
meeting increased load demand and locating
new transmission sites.

e The load flow solution gives the nodal voltages
and phase angles and hence the power injection.

e at all the buses and power flows through
interconnecting power channels.

e It is helpful in determining the best location as
well as optimal capacity of proposed generating
station, substation and new lines. System
transmission loss minimizes. Economic system
operation with respect to fuel cost to generate
all the power needed. The line flows can be
known which helps in avoiding line overloading.

Step 1) Assume a suitable solution for all buses except
slack bus. Assume Vp=1+j0.0 for p=1, 2...n

Step 2) Convergence criterion is set to € that means if
the largest of absolute of the residues exceed € the
process repeated else terminated.

Step 3) Iteration count is set to K=0

Step 4) Bus count is set to p=1

Step 5) Say p is slack bus .If yes skip to step 10.

Step 6) Real and Reactive powers Pp and Qp are
calculated respectively using equations

F, =Eg=l[€p(eqapq +prpq) 1o (fy g ~ Ef;qu)]
Q= E=l[fp(eq6pa T qupq] & (fy g — qupr;)]
Step 7) Calculate

k_ _ Dk
ARy =Fyp — B
Step 8) Check for bus to be generator bus, if yes compare

the reactive power Qp with the upper and lower limits.
if Qgen> Qmax set, Qgen= Qmax

else if Qgen< Qmin set, Qgen= Qmin

else if the value is within the limit ,the value is
retained. If the limits are not violated voltage
residue is evaluated as

1AVD 2=|Vp 7.~ [V

and then go to step 10.

|2

Step 9) Evaluate

ﬂ@g: Qsp - Q;}f

Step 10) Bus count is incremented by 1, i. e p=p+1 and
check if all buses have been accounted else, go to step 5.

Step 11) Determine the largest of the absolute value of
residue. If the largest of absolute value of the residue is
less than € then go to step 16

Step 12) Jacobian matrix elements are evaluated.
Step 13) Voltage increments are calculated

Step 14) Calculate new bus voltages and phase angle
H+1l

ey = 9; +ﬂ9;
J.,.;i+1 — f_rlh. _l_‘,:l.‘i’.;-.

Step 15) Advance iteration count is K =K+1, then go to
step 4

Step 16) Finally bus and line powers are evaluated and
results printed.
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3. ABC ALGORITHM

The artificial bee colony (ABC) algorithm is a
new meta-heuristic optimization approach, introduced
in 2005 by Karaboga. Initially, it was proposed for
unconstrained optimization problems. Then, an
extended version of the ABC algorithm was offered to
handle constrained optimization problems. The ABC
algorithm is a new meta-heuristic, population-based
optimization technique inspired by the intelligent
foraging behavior of the honeybee swarm.

The colony of artificial bees consists of three
groups of bees: employed, onlookers, and scout bees.
The employed bees are those which randomly search for
food-source positions (solutions.) Then, by dancing, they
share the information of that food source, that is., nectar
amounts (solutions’ qualities), with the bees waiting in
the dance area of the hive. Onlookers are those bees
waiting in the hive’s dance area. The duration of a dance
is proportional to the nectar content (fitness value) of
the food source currently being exploited by the
employed bee. Hence, onlooker bees watch various
dances before choosing a food source position according
to the probability proportional to the quality of that food
source. Consequently, a good food-source position
(solution) attracts more bees than a bad one. Onlookers
and scout bees, once they discover a new food-source
position (solution), may change their status to become
employed bees. Furthermore, when the food-source
position (solution) has been visited (tested) fully, the
employed bee associated with it abandons it, and may
once more become a scout or onlooker bee.

In a robust search process, exploration and
exploitation = processes must be carried out
simultaneously. In the ABC algorithm, onlookers and
employed bees perform the exploration process in the
search space; while on the other hand, scouts control the
exploration process. Inspired by the aforementioned
intelligent foraging behavior of the honey bee, the ABC
algorithm was introduced. One half of the colony size of
the ABC algorithm represents the number of employed
bees, and the second half stands for the number of
onlooker bees.

For every food-source’s position, only one
employed bee is assigned. The number of trials for the
food source to be called “exhausted” is controlled by the
limit value of the ABC algorithm’s parameter. The ABC
algorithm creates a randomly distributed initial
population of solutions (i=1,2,....,Eb) , where i signifies
the size of population and Eb is the number of employed
bees. Each solution xi is a D-dimensional vector, where D
is the number of parameters to be optimized.

The position of a food-source, in the ABC
algorithm, represents a possible solution to the
optimization problem, and the nectar amount of a food
source corresponds to the quality (fitness value) of the
associated solution. After initialization, the population of
the positions (solutions) is subjected to repeated cycles
of the search processes for the employed, onlooker, and
scout bees (cycle=1,2,.,MCN) , where MCN is the
maximum cycle number of the search process.

Then, an employed bee modifies the position
(solution) in her memory depending on the local
information (visual information) and tests the nectar
amount (fitness value) of the new position (modified
solution.) If the nectar amount of the new one is higher
than that of the previous one, the bee memorizes the
new position and forgets the old one. Otherwise, she
keeps the position of the previous one in her memory.
After all employed bees have completed the search
process; they share the nectar information of the food
sources and their position information with the onlooker
bees waiting in the dance area. An onlooker bee
evaluates the nectar information taken from all
employed bees and chooses a food source with a
probability related to its nectar amount. The same
procedure of position modification and selection
criterion used by the employed bees is applied to
onlooker bees.

The probability for selecting a food-source pi by
onlooker bees is calculated as follows:
fitness;
Pi=

E,
> fitness;
i=1

where fitness i is the fitness value of a solution , and
Eb is the total number of food-source positions
(solutions) or, in other words, half of the colony size.
Furthermore, if a solution does not improve for a
specified number of times (limit), the employed bee
associated with this solution abandons it, and she
becomes a scout bee and searches for a new random
food-source position. Once the new position is
determined, another ABC algorithm cycle (MCN) starts.
The same procedures are repeated until the stopping
criteria are met.

3.1 Control parameter of ABC
e (Colony Size (CS): It represents the total number
of bees present. One half of the colony size
represents the number of employed bees and
the second half stands for the number of the
onlooker bees.
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e Limit Value: It represents the number of trials
for a food-source position (solution) to be
abandoned.

e Maximum Cycle Number (MCN): The maximum
number of times the search process has to be
repeated.

4.FLOW CHART OF ABC ALGORITHM

| Initiate “food-sources positions™ x; |

v

I Calculate the fitness values of x; |

i 2

| Modify x; positions, i.e., solutions” neighbors |

v

] Calculate the fitness values of modified positions |

|l
*“I

I Compare food positions & retain best |

No

| Calculate the p; values of x, positions |

I Determine x; position responses for high p; value ]
| Modify the determined position x;, count O, |
T
-;I
Yes
limit reached
N Produce new food
© position(s) using (11)
Calculate the fitness
value(s) of new position(s)
and evaluate them
: T
\

| Memorize best position “solution™ x; |

e

Yes

| End. print x; “optimal solution™ |

Fig 1 Flow chart of ABC
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5. PROBLEM FORMULATION

The objective function is to minimize the total system
real power loss

Ohj P\m—nunz T f X Titls

=l ‘

n = Number of buses.
Pi = Real power flows
Qi = Reactive power flows
Vi = Busvoltage atbusi
r= Resistance of line
X = Reactance of line
1
fitness; = —————
: ]. + Obj- F].ll]...i

Parameters of ABC
e (Colony size, CS =20
e Limit Value =100
e Maximum Cycle Number =1200

6. STUDY OF TEST SYSTEM

The simulation is done on IEEE 34 bus test system.

33

31

2023 |25 27 ;o
EI 5 6 7 .8
GRID £ [ I I | |1a I
19

tI|

Fig 2. 34 bus test system

Number of
-Buses = 34
-Source =1
-Loads =33
Rating of

Load = 1568 KW & 743 kVAr
Source = 69KV
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Table 2. Bus data

BUSID | BUSID R (Q) X (Q) SL.NO BUSID P load Qload (KW)
34 1 0.0013368 0.0013343 (Kw)
1 2 0.0013368 0.0013343 1 1 45 21.794
2 3 0.0013368 0.0013343 2 2 44 23.749
3 4 0.0027995 | 0.0014855 3 3 1335 684
3 5 0.0013368 0.0013343 4 4 19 6.45
5 6 0.0013368 0.0013343
5 8 4,181 1.665
6 7 0.00193 0.0014115
7 8 0.00193 0.0014115 6 9 22.606 11.581
8 9 0.0027995 | 0.0014855 7 11 89.76 48.447
8 10 0.00193 0.0014115 8 14 67.044 34.718
9 11 0.0027995 0.0014855 9 10 33.226 16.28
10 12 0.00193 0.0014115 10 13 22835 11572
10 13 0.0027995 0.0014855 11 12 16.38 7463
11 14 .0027 .0014
0.0027995 0.0014855 12 15 49.41 21.786
12 15 0.00193 0.0014115
13 16 4.5 2.18
15 16 0.00193 0.0014115
16 17 0.00193 0.0014115 15 18 22361 1118
16 18 0.0027995 | 0.0014855 16 19 744 2327
17 19 0.00193 0.0014115 18 22 1.549 0.84
19 20 0.003064467 | 0.006580539 19 21 16.02 8.207
19 21 0.00193 0.0014115 20 24 1.8 0.87
20 22 0.0013368 0.0013343 1 23 96.707 24.238
21 23 0.00193 0.0014115
22 26 61.6 33.247
21 24 0.0027995 0.0014855
23 25 0.00193 0.0014115 23 28 398 200
23 26 0.00193 0.0014115 24 31 26.841 134
25 27 0.00193 0.0014115 25 33 250 0
26 28 0.00193 0.0014115 26 25 128 78.041
27 29 0.00193 0.0014115 27 27 0.005 300
27 30 0.00193 0.0014115 28 29 13.455 6.63
28 31 0.00193 0.0014115
29 32 12.516 6.273
29 32 0.0019217 0.0014212
19.981 902
31 33 0.00193 0.0014115 30 30 9.98 9.90
Table 1. Line data
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7. MATLAB RESULT 8. ETAP SIMULATION

The Coding is done for 34 bus test system and The results obtained from MATLAB are simulated using

the size and location of the DG units are found out. ETAP and the losses and voltage profile are obtained.
° DG1 Connected tO BUS 28 Branch Losses Summary Report
e DG2 Connected to Bus 5 T Bt FomTowFior  _ToFoomBusFin Losses ot W
—_ 1D MW Nfvar MW Mvar kW Tvar From To in Vmag
o Real Power LOSS - 0'00013 MW Linel -1.534 0.806 1558 -0.804 32 16 9.7 93 008
e Reactive Power Loss = 0.00011MVar e s A A
. Line3 1463 -0.852 -1452 0.857 108 51 9.7 994 0.2
L] DG SlZe1= 0-700000MW Lined 0.019 0.003 0019 -0.006 00 28 94 94 001
. LineS 1420 -0.868 -1.409 0873 108 50 994 992 021
d DG SlZeZ = 0'100000MW Line6 1.409 -0.873 -1.398 0878 11 51 992 99.0 021
Line7 1398 -0.878 -1.398 0878 00 00 990 990 0.00
Line8 1398 -0.878 -1.398 0878 0s 02 990 99.0 o.0L
L e PR om0l e om0 om0 o
- Linel0 1214 -0.964 -1.201 0.968 133 43 9290 987 0.8
(0 Newto AT Watch s e se D o e G St * e o om e eos or a3 wo ws o
14 Linel2 L14s 095 s 0835 12 04 987 987 00
Linel3 0.023 0.010 0023 -0.012 00 -15 987 987 o.0L
| Branch Data I Laets s omo  ees  oms oo 47 wms w1 o
Linelé 1.065 -l.028 -L.064 1029 07 02 98.5 985 0.01

Brneh  From To  From Bus Injection To Bus Injection Lozs (12 * Z)

Linel7 1037 -1.038 -1.037 1038 00 00 985 983 0.00
# BUS Bus P (Mw] Q [WAIJ P (Mw] Q [WAIJ P (Mw] Q [WAIJ Linel8 0.022 0.007 0022 -0.011 00 45 985 984 0.02
"""""""" Linel9 1037 0.650 -1037 0650 00 00 985 985 0.00
1 34 1 0.67 0.65 _0.67 _0.65 0.00001 0.00001 Line20 1029 0653 -1024 0653 44 04 985 983 016
h v 0.002 0.001 -0.002 -0.001 00 00 985 997 124
2 1 2 0.63 0.63 -0.63 -0.63 0.00001 0.00001 o mr w7
3 2 3 0.58 0.60  -0.58  -0.61 0.00001 0.00001 " o e e - oo o
4 3 4 0.02 0.01  -0.02  -0.01 0.00000  0.00000 o v o o Lo, o
5 3 5 0.55 0,53 -0.55  -0.59 0.00001 0.00001 o o e o o oo o
§ 5 § 0.55 0,53 -0.8% 0.0 0.00001 0.00001 oo oo oo oo o o oo
7 § 7 0.55 0.60  -0.55 0.0 0.00001 0.00001 o oz em o o oo oo
BT 8 085 06 055 0.0 0.0000 0.00001 eoamosmomon o onomon o
9 8 g 0.18 0.08 0.8 -0.09 0.00000 0.00000
10 810 0.37 0,51 -0.37  -0.51 0.00001 0.00001 .
Table 4 Bus Losses report without DG
11 3 ou 0.16 0.08  -0.16  -0.08 0.00000 0.00000

12 10 12 0.31 0.48 -0.31 -0.48 0.00001 0.00000 Branch Losses Summary Report
13 10 13 0.02 0.01 -0.02 -0.01 0.00000 0.00000

% Bus Voltage v

v oou oo 00 <007 -0.03 0.00000  0.00000 KT Beamet Fromn To Bus Flow o From Bus Flow Losses opuvoge T
D MW Myvar MW Mvar W kvar From To in Vmag
15 12 15 0.28 0,47 -0.28 0.4 0.00001  0.00000 Lot o503 e oss  oen 2 o1 ws  ws  ow
6 15 16 0.25 0,46 -0,25  -0.46 0.00000 0.00000 L2 oo e e oo o orome s oo
Lines oms  am am omm 39 a5 ms ws o

1T U 0.22 0,45 -0.22 0.4 0.00000  0.00000 Linet sots s oms oo an as wms ms om
1% 16 18 0.02 0.00  -0.02  -0.01 0.00000 0.00000 LS 0gs  omL 08T 079 B0 2L ws ws ow
Lines ot ol am 070 6 as ws wms o

13 17 1 0.22 0.45 -0.22 -0.43 0.00000  0.00000 T+ -0.089 0023 0.090 -0.019 [X] 33 99.8 1000 017
M1 N 0.05 0.02 -0.05  -0.03 0.00000 0.00000 L7 o om0 a0 a0 0w sms oms o
19 M 06 04 <016 -0.42 0.00000 0.00000 - mo e e e e e e
Lined 0.180 0.085 -0.180 -0.086 01 08 998 998 003

aoon n 0.05 0,03 -0,05  -0.03 0.00000 0.00000 Lo ot oms  asm osss s6 a4 ms ws om
BB 0,14 0,42 -0,1¢ 0,42 0.00000  0.00000 Loell o137 oo el 00 0 e s ms 0
Linel2 0514 -0.861 0513 0.861 s 201 99.8 99.8 001

uooauu 0.00 0.00  -0.00  -0.00 0.00000 0.00000 o Ltz o0 som oo w0 as  ws  ws oo
fonoonon 0.22 010 -0.22 0,10 0.00000  0.00000 Lietd o057 om0 wos oo T
Liats o7 s o oser s a6 wms s o

Linel§ 0442 -0.889 <0442 0.889 03 01 999 995 001
L7 ons o aas 0857 00 0w ws  wms 0w

PO I A 0.28 0.7 0,28 0.00000 0.00000 Ll om2 om  so2  aom 0w 45wz ws  om
Linel? 0415 -0498 0415 0.498 00 oe 9.9 99.9 .00

aon 7 0.09 0.03  -0.09  -0.03 0.00000 0.00000 Lo ows  osm ass 059 a1 s ws om
@ w x -0 0.28 0,20 -0.28 0.00000 0.00000

BN om 0B 0 - 0 00 0.0 s W om e om0 o m omm
00000 Ll 000 D0z 0.0 0.00000 0.00000 o s om amm s e e o
1B % A48 -0 0% L0 00000 0.00000 - vhe oo ase eme o ar me e o
RO0® R0 00 -0 -L0L 000000 0.00000 - o s
#0383 L& -0 D& 004 0.0001 0.0000 :{LZ?Z “ z Z

Total:  0.00023 0.00011

Table 5 Bus Losses report with DG
Table 3 MATLAB Result
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9. RESULTS AND DISCUSSIONS

Bus Voltage Profile in Voltage Profile Bus No Power loss in Power loss
No Normal Condition | After Adding DG Normal Condition After Adding
DG
1 99.7 99.8 1 3.2 1.2
3 99.43 99.8 2 2.1 0.8
5 99.21 99.81 3 10.9 3.9
7 99 99.8 5 10.8 3.9
9 98.71 99.79 6 11.1 4.6
11 98.71 99.63 8 0.5 0.2
13 98.47 99.83 10 13.3 5.6
15 98.45 99.92 12 1.2 0.5
17 98.44 99.93 12 10?'70 g:g
18 98.36 99.91 20 ” 2
19 98.7 99.93 P o1 04
20 98.3 99.92 23 00 0.0
21 98.3 99.92 4 o1 01
22 99.67 99.89 75 0.1 0.0
23 98.72 99.91 26 01 01
24 98.3 99.92 27 0.6 01
25 98.12 99.91 28 0.0 00
27 98.14 99.93 29 0.0 0.0
28 98.09 99.93 30 06 06
29 98.14 99.93 31 0.0 0.0
31 98.14 99 32 01 01
33 97 99.94

Table 7 Power loss before and after placement of DG
Table 6 Voltage profile before and after placement of DG

14
Comparison of Voltage Profile before & 12 |
After Adding DG l
& 10 -} f Power loss
101 .
g in Narmal
100 [ Condition
g 99 - 6
2 ﬁat Voltage Profile in i |'F Power loss
Ee 98 \ Normal Condition After
5 97 Voltage Profile 2 W Adding DG
= After Adding DG o A: L A
96 g ARRRARAARRRRRREARRARARRRRRRR AR
95 15 91317212529
14 71013161922252831

) ) i Chart 2. Schematic comparison of power loss
Chart 1. Schematic comparison of voltage profile
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Real power Reactive power
loss (KW) loss (KVar)
Before 88.5 61.0
placement of DG
After Placement 42.7 9.5
of DG

Table 8 Comparison of total power loss

100

80
60
40
20

Before

placement of

\ DG

™~

— After
' ' Placement of
Real power  Reactive DG
loss (KW)  power loss
(KVar)

Chart 3 Schematic Comparison of total power loss

10. CONCLUSION

The DG is placed in the distribution system

using Artificial Bee Colony Algorithm. The voltage profile
of the system is improved and the real power losses are
reduced. The result is verified using two software ETAP
12.6.0 and Matlab. ETAP is a real time software, hence

the losses are more as

it includes the losses of

transformers and the equipments connected to the
distribution system.
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