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Abstract—Network  reconfiguration and  distributed
generation (DG) installation are important approaches for loss
mitigation and system efficiency improvement. To date, these
approaches are generally implemented separately. In this work,
simultaneous network reconfigurations and DG installation is
solved in order to minimize real power loss and improve system
efficiency using popular heuristic algorithms such as Artificial
Bee Colony (ABC), Differential Evaluation (DE), Particle
Swarm Optimization (PSO) and Genetic Algorithm (GA).
While decision making is carried out for open switches and DG
sizing by given algorithms, optimal locations of DGs are
decided using loss sensitivity factor in order to reduce searching
space. Different cases of network reconfiguration and DG
installation are implemented to compare the performances of
given heuristic algorithms. Branch current, bus voltages and
DG capacity are considered as constraints and 69 bus system is
used for simulation. This study demonstrates that simultaneous
network reconfiguration and DG installation presents better
solutions than any other cases and ABC has proven minimum
losses and maximum voltage improvement.

Index Terms—Heuristic optimization; Network
reconfiguration; Distributed generation; Distribution system.

I. INTRODUCTION

Power losses mostly occur in transmission and
distribution (T&D) lines in an electrical network. These
losses affect operation of a system negatively and they lead
to financial losses. Hence, minimization of T&D losses in
the most efficient way is an important issue. Network
reconfiguration and distributed generation (DG) allocation
are proposed approaches for loss minimization and system
improvement. So far, network reconfiguration and
distributed generation are generally discussed separately. In
this work, however, network reconfiguration and DG
installation are solved simultaneously to mitigate losses and
improve voltage profile.

Network reconfiguration is defined as changing topology
of a distribution system using open/close position of the
sectional and tie switches [1]. There has been a lot of work
related to the reduction of losses using network
reconfiguration in the literature. In [2], heuristic algorithms
which decide the statuses of switches are proposed and
simple formula are used to calculate power loss calculation.
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However, authors consider only one switching operation.
Also, artificial intelligence and modern heuristics algorithms
are used for solution of network reconfiguration problem
[3]-I5], [6]-[8]. Recently, Fireworks Algorithm [9] and two-
stage robust optimization models [10] are proposed to
optimize  economic  benefits.  Although  network
reconfiguration reduces losses, it may not be sufficient to
meet the increasing demand.

DGs are located in distribution network to meet power
demand, increase voltage level, mitigate losses and benefit
financially. In order to benefit from the DGs optimally, they
must be installed at proper sizes and proper locations. In
[11], loss sensitivity factor and GA are used for DG location
and size, respectively. In [12], DG installation is optimized
in order to increase voltage level considering load demand
and renewable sources. In [13], a method is suggested to
calculate place and size of multiple DG. In [14], PSO is
proposed for DG installation to decrease power losses. In
[15], various methods are compared for optimal location of
DG. In [16], multi-objective optimization is carried out for
economic analysis of DG owner’s and distribution
company’s point of view considering system requirements.

There are some works in literature about simultaneous
optimization of network reconfiguration and DG installation.
In [17] and [18], hyper cube-ant colony optimization and
modified plant growth simulation algorithm are applied only
for small scale 33 bus system. In [19], Evolutionary
programming and Genetic Algorithm are compared for 33-
bus test system. In [1], harmony search algorithm (HSA) is
carried out for 33 bus and 69 bus system and results are
compared with genetic algorithm and refined genetic
algorithm (RGA) which already exist in the literature.

This paper contributes that 69 bus system which is
relatively larger is used to be optimized. Loss sensitivity
factor is calculated to reduce searching space. ABC, DE,
PSO and GA are carried out for four cases and results are
compared for each case. Furthermore, works in the literature
are included in the comparison. Mathematical formulation of
problem is given in Section Il, loss sensitivity factor is
explained in Section 11, heuristic methods are presented in
Section 1V, simulation results are presented in Section V,
results are discussed in Section VI and conclusion is located
in Section VII.
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Il. PROBLEM IDENTIFICATION

A. Power Flow Formulations

Single line illustration of distribution feeder is given in
Fig. 1 and power flows between distribution feeders are
calculated using (1), (2) and (3) [1], [20].
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Fig. 1. Single line illustration of distribution feeder [1].

V| is voltage magnitude at bus k. R, Q,,R,and X are

active power flow, reactive power flow, resistance and
reactance between bus k and k +1, respectively. P, 4 and

Q41 are active and reactive load at k+1. Y is shunt

conductance which indicates leakage current between
conductance. Y is considered zero in calculations due to
capacitance of distribution lines are extremely small:

Pk+1 =P —Plossk — Pk =

=R - v | {Pk +(Qk +Yi V| ) } Plk+1s (1)
k
Q41 =Qk —Quoss k ~Quk+1 =
Xy | p2 2)2
:Qk__{Pk +( Qk + Yier | }—
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The power losses between buses are computed using (4)
and total power loss in a distribution system is computed
using (5):

2
[sz +(Qk +Yy |Vk|2) ]
P, Oss(k,k-‘rl): R , 4)
L Ml
Pr Loss = kZl PLoss(k k+1) ®)

B. Loss Mitigation after Network Reconfiguration

The power loss between buses and total loss after
reconfiguration are defined by (6) and (7), respectively:

[Héz +(Qk +Yy Vi |2 )ZJ

PLoss (K. k+1)=R —
i

(6)

Z PLoss (k k +1) (7)
k=1

P|- Loss —

Active power loss mitigation after reconfiguration is
formulated as follows

AI:)Loss ZPTLoss(kk+1) kznllpé,Loss(k’k"'l)- (8)

C. Loss Mitigation after DG Installation

DG installation into distribution systems has been
increasing due to liberalization of electricity markets,
environmental concerns and high cost of transmission line
buildings. The benefits of DG are mitigation of power
losses, voltage profile and network reliability improvement,
deferred network expansion cost, reduced environmental
impacts etc. Power loss after DG penetration is given by (9)

[1]
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Active power loss mitigation after DG

penetration is given by (10)
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where G is length of feeder from source to bus and L is
distance from source to DG. However, (G/L) is ignored in

calculations.

D. Obijective Function

Obijective function aims to maximize active power losses
mitigation after simultaneous network reconfiguration and
DG installation as follows

f= max(APL%ss)+ max(APLoss) (11)
Vimin <Vk <Vmax
n n
Subjecttos > Pg < 3 (Pk + PLoss,k), (12)

k=1 k=1

||k,k+1| < ||k,k+1,max |

I1l. CALCULATION OF LOSS SENSITIVITY FACTOR

Loss sensitivity factor of each bus is calculated to
determine buses for DG installation. Buses are sorted taking
into account their effect for optimum solution of system and
the buses with highest priority is selected for DG
installation. Thus, searching space of optimization procedure
is reduced. Active power loss between k-1 and k can be
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calculated as follows

(Pl_zk,eff + QP e )Rk

V2

; (13)

Rlineloss =

where Py e +Quieff sV and Ry are effective power,

voltage and resistance of kth bus. The effective power
consists of output power and power consumed in actuating
auxiliary units or mechanisms that are necessary for the
engine’s operation. Effective power is considered for loss
calculations and Y is ignored due to explanation previous
section. Loss sensitivity factor of kth bus is defined as
follows

ORlineloss _ 2% Py eft xRy .

= (14)
al:)Lk,eff sz

IV. HEURISTIC ALGORITHMS

In this work, DG placement and network reconfiguration
problems are solved together. Loss sensitivity factor is used
for DG placement in order to reduce searching space as
explained in Section [ll. Optimal reconfiguration is
described with position of open switches. Number of tie
switches n, corresponds to length of reconfiguration
problem which is first component of solution vector.
Similarly, number of installed DG m, is the length of
second component of solution vector as follows

x=[$1,S,...Sy . Pog1: Pog2: - Poom]- (15)
DG sizes

reconfiguration

In order to maximize power loss reduction, DG sizes and
sectionalizing switches are taken into account as control
variables which are determined by ABC, GA, DE and PSO.
Each of given algorithms initialize randomly and solution is
improved with characteristic operators of each algorithms.
Finally, best solution is selected considering their fitness
values [21].

A. Genetic Algorithm

GA initialize with random solution set named population
[22]. Population consists of chromosomes which represent
possible solutions and composed of genes. Each gene
indicates each variable. Hence, gene number equal to
number of variables in a problem. GA mainly involves
crossover, mutation and selection as operators. The
crossover process synthesis the parents to reproduction.
Mutation randomly exchanges the genes to explore search
space. Selection operator decides fitness value of solution to
transfer next generation.

B. Differential Evaluation

New individuals are produced with mutation, cross over
and selection operators [23]. In mutation, donor vector

(vi,j (t)) is produced using scaling factor (F) and three

chromosomes as follows

Vi, (6+1) = Xep j (1) + F (Xe2,5 () = Xr3,j (1)) (26)

10

In cross over, current vector X;(t) and donor vector
V; (t) are mixed with Crossover Rate (CR) and trial vector

U; (t) is produced as follows
Vi j(t), if I<CR j=j
(1) = 21 () rend (O <CR j=ang, 1
' Xi.j (1), otherwise.

In selection, the most fitted chromosome is sent to the
next generation as follows

) _ Ul(t)’ if f(Ul(t))S f(xl(t))’ 18
Xi(t+1)= {Xi (1), otherwise. (18)
C. Particle Swarm Optimization

PSO is inspired by food search of particles in two
dimensional spaces [24]. It works based on particle velocity
and updating its position. Velocity variation of each particle
is formulated as given

) _ in(m) +cih ( phest; — xi(t) ) +

),

+olr1(gbest —X;
where pbest is best previous solution, and gbest indicates
best solution in global. cl,c2 are acceleration constants of
pbest; and gbest;. rl,r2 are selected between [0, 1], w is
inertia weight factor, t is generation number.

W

(19)

t+1 t t+1

X =X +Vj (20)

D. Artificial Bee Colony

ABC is food search simulation of bee swarm [25]. ABC
comprises onlooker, employed and scout bees. Scout bees
search for new sources randomly, employed bees have a
food sources and onlooker bees wait for finding new sources
regarding food source quality of employed bees. In order to
find new sources, ABC uses

Vi =% (%% ), (21)

where v; represents new food source. More quality sources
(best fitness) are selected by onlooker bees [26].

V. SIMULATION RESULTS

69 bus test system is considered in order to compare the
effectiveness of given heuristic algorithms for solving
simultaneous network reconfiguration and DG installation.
The distribution network is demonstrated in Fig. 2 [27].
System data are presented in [28]. Three DGs which are
operated with a power factor of unity is considered and they
cannot be connected to same bus. DGs are connected to any
bus based on loss sensitivity factor and maximum capacity
of DG is 2 MW [18]. System voltage limits are 1.05 p.u. and
0.95 p.u.



ELEKTRONIKA IR ELEKTROTECHNIKA, ISSN 1392-1215, VOL. 25, NO. 1, 2019

2829303132333435

36373839 40 41 4243 444546
AR EEEn|

stss [TTTTTTATTA
1 I

:'(591

]
910 Il:l'l 1314151617 181920 21 22 23 24 25 2627

17 48 49 50

Fig. 2. 69-bus distribution network.

In the simulation of network, five cases are considered to
compare the given algorithms.

Case- | : Base case;

Case- I11: Only network reconfiguration;

Case-111: Only DG installation;

Case-1V: DG installation after reconfiguration;

Case-V: Simultaneous network reconfiguration and DG
installation.

Common parameters; iteration number and population
size are same for each algorithm. They are chosen to provide
stabilization of algorithms convergence curves in a
reasonable time. Simulations are carried out with different

parameter values of heuristic algorithms and the parameters
which give the best results are selected for simulations. The
common parameters are the same as in [29]. Simulations are
run for 25 times with selected parameters and best results
among 25 simulations are presented. Iteration number and
population size of given algorithms are 100 and 20,
respectively. Selection type of GA is roulette. CR and F
are selected 0.4 and 0.6 in DE. cl, c2andw are selected
1.2,1.5and 0.5 in PSO. Limit parameter of ABC is 100.

In Case-l (base case), tie switches (69, 70, 71, 72, 73) are
normally open. Total real power loss is 224.98 kW and
minimum bus voltage is 0.909 p.u. as given in Table I.
Table Il presents size and bus number of installed DG and
opened switches by algorithms. Also, comparison of given
heuristic algorithms is given with regarding voltage
improvement and loss reduction for Case I1-111-1V-V. Loss
reduction indicates the loss differences between base case
and simulated case. In Case-11, almost same reconfiguration
topology of system is found by algorithms. Only ABC
selected 58th switch differently instead of 55th switch to
open among the simulated algorithms. However, results are
same for each algorithm. Power loss, power loss reduction
and minimum voltage level are 98.59 kW, 126.39 kW and
0.949 p.u. respectively.

TABLE |. 69 BUS SYSTEM POWER FLOW RESULTS FOR CASE-I.

Case Item Results
Base Case Opened Switches [69, 70, 71, 72, 73]
(Case-I) Power Loss (kW) 224.98
Min. Voltage Level (p.u.) 0.909
TABLE Il. COMPARISON OF SIMULATION RESULTS OF HEURISTIC ALGORITHMS.
e o ALGORITHMS
ABC PSO GA DE RGA[30] | HSA[L]
Opened Switches [14,58, 69,61, | [14,55, 69,61, | [14,55 69,61, | [14,55 69,61, | [69,17,13, [69, 18,
onl P 70] 70] 70] 70] 55, 61] 13, 56, 61]
recoy Power Loss (kW) 98.59 98.59 98.59 98.59 100.28 99.35
(Cas?a-ll) Loss Reduction (kW) 126.39 126.39 126.39 126.39 124.7 125.63
Min. v(oF:th)e Level 0.949 0.949 0.949 0.949 0.943 0.942
Ooened Switahes [69, 70, 71, 72, | [69,70, 71,72, | [69, 70, 71,72, | [69, 70,71, 72, | [69, 70,71, | [69, 70,
P 73] 73] 73] 73] 72,73] | 71,72,73]
— 0.058 (65) 0.059 (65) 0.121 (65) 0.026 (65)
Only DG DG S,'\fjm'\g;’y) (Bus 0.121 (64) 0.227 (64) 0.121 (64) 0.496 (64) 1768 1773
Installation 1.653 (63) 1,522 (63) 1.566 (63) 1.229 (63)
Case-lII Power Loss (KW 86.61 86.54 86.57 86.94 87.65 86.77
( )
Loss Reduction (KW) 138.37 138.44 138.41 138.04 137.33 138.21
Min. V(Op'tz%e Level 0.968 0.968 0.968 0.967 0.967 0.967
Ooened Switahes [14.58,69, 61, | [14,55, 69,61, | [14,55,69, 61, | [14,55, 69,61, | [69,17,13, | [69, 18,
P 70] 70] 70] 70] 55 61] | 13,56, 61]
. — 1.368 (61) 1.246 (61) 1.248 (61) 1,018 (61)
DG '”Sftta”at"’” gﬁssﬁjm“gr’r) 0.109 (60) 0.117 (60) 0.121 (60) 0.257 (60) 1.6396 1.844
Reconf}i eJration 0.154 (58) 0.121 (58) 0.121 (58) 0.260 (58)
ower L0sS . . . . . .
(Casg—IV) Power Loss (KW) 50.21 50.60 50.69 50.95 53.34 51.30
Loss Reduction (kW) 17477 174.29 174.29 174.03 17164 173.68
Min. V&"ﬁ%e Level 0.965 0.965 0.965 0.965 0.961 0.961
oened Switches [12.56, 69, 61, | [12,58,69, 61, | [13,57, 10,61, | [13,58, 10,61, | [10, 16,14, | [69, 17,
Simultaneous P 70] 18] 70] 70] 55 62] | 13,58, 61]
nujtaner DG Size-MW (B 1.394 (61) 1.247 (61) 1.155 (61) 1,033 (61)
ework Nmben 0.082 (60) 0.451 (60) 0.344 (60) 0.333 (60) 2.065 1871
ecoam'jgg é 10 0.432 (62 0.221 (62) 0.496 (62) 0.525 (62)
e Power Loss (kW) 39.63 40.34 41.90 42.20 4223 4030
(Casa\) Loss Reduction (KW) 185.35 184.64 183.08 182.78 180.75 184.68
Min. V(Op"zg)e Level 0.982 0.981 0.981 0.978 0.974 0.973

11
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Locations of DGs are decided calculating loss sensitivity
factors of each buses for Case IlI-IV-V. First three buses
which have highest sensitivity are chosen for DG
installation. The capacities of installed DGs and/or open
switches are determined using given optimization algorithms
for Case I11-1V-V and results are given in Table Il

In Case-ll1, tie switches are open as in base case and only
DG installation is provided. Bus 65, 64 and 63 are
determined for DG installation based on loss sensitivity
factor. Maximum loss reduction is provided by PSO with
138.44 kW and minimum loss reduction is presented by DE
with 138.04 kW. Minimum voltage level is 0.967 p.u. using
DE while minimum voltage level is 0.968 p.u. using other
optimization algorithms.

In Case-1V, DG installation is optimized after optimum
system topology is decided. Open switches for optimum
reconfigurations are same as in Case-Il for each algorithm.
Buses 58, 60 and 61 are determined for DG installation for
each algorithm. Maximum loss reduction is provided by
ABC with 174.77 kW and minimum loss reduction is
presented by DE with 174.03 kW. Minimum voltage levels
of each given algorithm are calculated as 0.965 p.u.

In Case-V, simultaneous network reconfiguration and DG
installation are implemented to improve system efficiency.
Bus 61, 60 and 62 are chosen for DG installation based on
loss sensitivity factor. Total capacities of installed DG are
2.065 MW and 1.871 MW for RGA and HSA, respectively.
Loss reduction is 185.35 kW, 184.64 kw, 183.08 kW and
182.78 kW, 180.75 and 184.68 using ABC, PSO, GA, DE,
RGA and HSA, respectively. Minimum voltage levels are
0.982 p.u., 0.981 p.u., 0.981 p.u., 0.978 p.u., 0.974 p.u. and
0.973 p.u. using ABC, PSO, GA, DE, RGA and HSA,
respectively. In Case-V, minimum power loss and maximum
voltage level results are obtained in comparison to other
cases. Also, ABC is the heuristic algorithm which ensures
the minimum power loss and maximum voltage level in
comparison to other given algorithms. HSA presents the
second maximum loss reduction after ABC. RGA has the
minimum lost reduction along the algorithms. Minimum
voltage levels of HAS and RGA are lower than other
simulated algorithms.

In Fig. 3, converge curve of the algorithms regarding to
active power loss are given for Case-V. ABC is the best
algorithm reaching minimum losses with 39.63 kW. PSO is
the second algorithm with 40.34 kW although it has worst
initialization with 73.4 kW. PSO also reaches optimum
value before 20th iteration. In the end of 100 iterations,
power losses of GA and DE are 41.90 kW and 42.20 kW,
respectively.

80
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Fig. 3. Convergence curve of algorithms for Case-V.

In Fig. 4, comparisons of voltage level of each bus are
given for Case-V. Voltage level of each bus is varied based
on opened switched and size of installed DG. The shapes of
voltage profile of the algorithms are similar except changes
in voltage magnitude.
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Fig. 4. Voltage profile comparison of simulated algorithm for Case-V.

In Fig. 5, voltage levels of each bus are compared with
other cases optimized by ABC. As seen, simultaneous
network reconfiguration and DG installation (Case-V)
provides most efficient solution on system improvement in
comparison to other cases.
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Fig. 5. Voltage profile comparison of ABC simulation for cases.
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VI. DISCUSSION

Efficiency of 69 bus system is improved with different
scenarios of network reconfiguration and DG installation in
this study. Average voltage is 0.9734 p.u. for 69 bus system.
Heuristic algorithms are used in order to provide optimum
operation in each case. Average voltages are 0.9877 p.u.,
0,9872 p.u., 0,9895 p.u. and 0.9923 p.u. for Case-1l, Case-
I, Case-IV and Case-V using ABC, respectively.
Simultaneous network reconfiguration and DG installation
(Case-V) provides best system performance among the other
cases. Minimum voltage level does not decrease lower than
0.973 p.u. with any of the simulated algorithms in Case-V.
Minimum voltage level and loss reduction are 0.982 p.u. and
185.35 kW with ABC which presents the best results for
Case-V. PSO has the worst initial value for Case-V as shown
in Fig. 3. However, PSO reached the optimum value in least
number of iteration. Initial values are 55.65 kW, 72.47 kW,
59.10 kW and 62.08 kW using ABC, PSO, DE and GA.
Final loss values are 39.63 kW, 40.34 kW, 41.90 kW,
42.20 kW, 44.23 kW and 40.30 kW using ABC, PSO, DE,
GA, RGA and HAS, respectively.

Most loss reduction is provided by ABC for Case-1V with
174.77 kW. In Case-Ill, minimum voltage levels of the
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algorithms are almost same but most loss reduction is
provided by PSO with 138.44 kW. In Case-Il, simulated
algorithms provide same loss reduction and minimum
voltage level.

VII.

In this paper, network reconfiguration and DG installation
is solved separately and simultaneously using most popular
heuristic algorithms such as ABC, DE, PSO and GA. Results
are also compared with HAS and RGA which are exist in the
literature. Loss sensitivity factor of each buses are calculated
and buses which have highest sensitivity are chosen for DG
placement. Simulation results demonstrate that simultaneous
network reconfiguration and DG installation (Case-V)
presents minimum active power losses and maximum
voltage level in comparison of other cases which the
problems are solved separately. Each of given algorithm
provides same loss rates for only network reconfiguration
(Case-Il). PSO presents the minimum power loss for only
DG installation (Case-l11l1). HSA presents satisfactory
solution for simultaneous network reconfiguration and DG
installation (Case-V). However, ABC is the best algorithm
for DG installation after reconfiguration (Case-1V) and
(Case-V).

CONCLUSIONS
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