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Abstract— In this paper, optimal power flow (OPF) using grass hopper optimization algorithm (GOA) is addressed. OPF is a
basic tool for economical and secure operation of power system. Here, the generator fuel cost and voltage profile are
considered as main objectives with constraints. The GOA is a metaheuristic swarm based optimization algorithm. It mimics the
natural behaviour of grass hopper. The GOA is implemented on IEEE-30 bus system to solve OPF problem. Results show the
ability of GOA to reduce the voltage deviation. It demonstrates that the GOA is capable to improve the voltage profile of
system buses.
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l. INTRODUCTION

The requirement of the electricity is increasing exponentially
in entire world. Most of the power stations are thermal power
plants. Therefore, the requirement is to optimize the fuel cost
of the power plants. The main objective of the power system
is to give reliable power supply with economical operation
and cost. Optimal power flow (OPF) is one of the tools for
achieving this aim. It has been developed by Carpentier [1].
With the help of OPF the objective can be achieved with
fulfilling the equality and inequality constraints. The
objectives may be economical fuel cost of the power plant,
voltage profile improvement, reactive power compensation,
voltage stability and reduction in losses. From these
objectives multi objective optimization problem has been
formulated and solved with the help of different optimization
algorithms [2]

Many researchers have been addressed the optimal fuel cost.
Some researchers have been focused on the minimization of
losses. OPF problem has been solved by nonlinear
programming method in [3]. In this generation cost is
optimized. Indirect approach has been implemented in [4]. It
was based on Lagrange-khun-tucker method. It has been
applied with different constraints like; voltage profile,
loading of generators, limits of transformer taps, loading of
transmission lines. In [5], the Newton method is applied to
solve OPF problem. The Jacobean matrix has been used in
[6] to grant optimal dispatch. Linear programming method
has been developed in [7] to achieve optimal economical
schedule. Linear programming based OPF has been formed
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in [8] for minimization of losses.OPF with FACTS has been
proposed in [9]. In this, enhanced security constrained OPF
with Han Powel algorithm is used. In [10-11], the OPF has
been solved using interior point method

Different optimization algorithms have been used to solve
the OPF problem. The Genetic Algorithm (GA) has been
used in [12-14]. Particle Swarm Optimization (PSO)
algorithm has been presented to solve OPF problem in [15-
17]. The approached has been implemented for reactive
power compensation and other objectives. The variants of
PSO like multi objective PSO [18] in deregulated system,
fuzzy PSO in [19] with increased search ability has been also
presented. Artificial Bee Colony (ABC) has been used in
[20-21] to solve OPF problem. Other optimization algorithms
like moth flame (MFO) [22], harmony search (HS) algorithm
[23] are also used for OPF problem.

No free lunch theorem (NFL) stated that the no optimization
algorithms can solve all optimization problems. It motivates
the researchers to solve the optimization problem with
different optimization algorithms [24].

In this paper recently published grass hopper optimization
algorithm (GOA) is used [25-26]. It is based on the natural
behaviour of grass hopper swarm. This paper is comprising
of four sections. Section | is introduction. Section 11 is GOA,
section Ill deals with results and paper is concluded in
section IV.
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GOA:

GOA is an effective technique to solve optimization
problem. It is based on the natural behaviour- movement and
migration of grass hopper. In optimization technique- two
phases are important- exploration phase and exploitation
phase. In GOA the exploration phase is achieved by the adult
insects of grass hopper travelling by forming swarm. The
immature form of grasshopper has no wings. So it represents
the exploitation phase of optimization by travelling in small
area. The Fig.1 shows the image of grass hopper.

Fig. 1 Black and white image of real Grasshopper

The objective function is formed as given in [22].The bus
voltage is one of the major criteria for reliable and efficient
operation of power system. Here the main objective is to
improve the voltage profile and reduce the fuel cost. The
objective function (OF)is formulated as under:

OF= Fcost+ w* Fvoltage_deviation

where, Fcostis the fuel cost of generators,w is the weighting
factor,Fvoltage_deviationis the voltage deviation at buses.

In this paper, the voltage at generator buses, real output
power of the generator at generator buses, tapings of
transformer and reactive power are considered as variables.
The different constraints like- active and reactive power
output of generator, shunt compensation, tapings of
transformer and voltage are included.

Il. RESULTS

The GOA is implemented on IEEE-30 bus system to improve
the voltage profile and reduced the fuel cost of generator. It
comprises of six generators as shown in Fig. 2 at buses 1, 2,
5, 8, 11 and 13. The bus 1 is considered as slack bus. The
generation are denoted byPG1, PG2, PG5, PG8, PG11 and
PG13and the voltages are denoted byVG1, VG2, VG5, VGS,
VG11 and VG13.

The OPF is formulated here with GOA. The main objective
here is to minimize the voltage deviation which results in
improved voltage. The constraints are minimum and
maximum values of generating costs, voltages, reactive
power and transformer tap.
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Table 1 and Table 2 shows the generation and voltages at
considered buses with their minimum, maximum and
optimized values. The GOA minimize the voltage deviation.
As the iteration increases the voltage deviation starts
decreases as shown in Fig. 3. The GOA minimized the
voltage deviation through exploration phase in initial
iterations and exploitation phase in later on. The voltage
deviation is reduced to 0.1266 pu from initial high value
(more than 0.6 pu).

Fig. 2 IEEE 30 BUS SYSTEMS

Table 1
Optimal values of control variables- generating cost for
voltage profile improvement with GOA

Control

variables P Pe, Pes Pas Peu P13

Minimum 50 20 15 10 10 12

Maximum 200 80 50 35 30 40

GOA 17491 | 49.09 | 21.47 | 21.55 | 13.03 | 13.12

Table 2
Optimal values of control variables- voltage for voltage
profile improvement with GOA

VGl VGZ VGS VGS VGll

Control
variables

Minimum | 0.95 | 095 | 095 | 095 | 0.95 0.95
Maximum | 1.1 11 11 11 11 11
GOA 1.04 | 1.02 | 1.01 | 1.00 | 1.03 0.99

239




International Journal of Computer Sciences and Engineering

0'6 I 1 I I
E

1 L ﬁ

0 100 200 300 400 500

Iterations
Fig. 3 Voltage deviation reduction

I11. CONCLUSION

The GOA is applied to solve OPF problem with main
objectives of fuel cost reduction and voltage profile
improvement successfully. The voltage deviation value is
formulated as an optimization problem considering required
constraints. It is implemented on IEEE 30 bus test system.
The GOA minimized the value of voltage deviation and
improve the voltage profile. This is achieved with fulfilling
the constraints.

REFERENCES

[1] J. Carpentier, Contribution a ’etude du dispatching economique,
Bull. Soc. Franc. Elec. 3 (1962) 431-447.

[2] Mohamed Ebeed, Salah Kamel and Francisco Jurado, Optimal
Power Flow Using Recent Optimization Techniques, chapter 7,
Classical and Recent Aspects of Power System Optimization,
Academic Press (2018) 157-183.

[3] C.M chen, M.A.laughton ,”determination of optimum power system
operating conditions under constraints” proceding the institution of
power engineers.volume 116.No 2,pp.225-239, 1969.

[4] O alsac, B.stott, “optimal load flow with steady state security” IEEE
PES summer meeting
EHV/UHVconferenceVancouver,B.C.canadajuly pp.15- 20, 1973.

[5] H.H.Happ optimal power dispatch” ” IEEE PES summer meeting
EHV/UHYV conference Vancouver,B.C.canadajuly pp. 15-20,1973.

[6] David .l.sun,bruce member Ashley memberbrian brewer
member,arthuges senior member and William tinney fellow
consutant, “optimal power flow by newton apporoch” IEEE trans
power apparatus and system vol pas- 103 no.10 pp. 2864-2879,0ct
1984.

[71 R.mota.palomino,member IEEE, V.H.Quintana,senior member
IEEE” A penalty function- linear programing method for solving
power system constrainted economic operation problems” ” IEEE
trans power apparatus and system vol pas-103 no.6 oct 1984.

[8] Gerald F. Reid, Lawrence Hasdorff , “Economic Dispatch using
Quadratic Programming”IEEE Trans. On power appar. And systems
vol. pas -92 pp. 2015-2023 , September 13,1972

© 2019, IJCSE All Rights Reserved

Vol.7(3), Mar 2019, E-ISSN: 2347-2693

[9] K. Ponnambalamt, V.H. Quintana ,A. Vannelli , “a fast algorithm
for powr system optimization problems using an interior point
method” , Transactions on Power Systems, Vol. 7, No. 2,pp.748-
759,May 1992

[10] James A. Momoh, S. X. Guo, E. C. Ogbuobiri, and R. Adapa , “the
quadratic interior point method solving power system optimization
problems” , IEEE Transactions on Power Systems, Vol. 9. No.
3,pp.261- 267, August 1994

[11] I S. Granville J.C.O. Mello A.C.G. Melo, “application of interior
point methods to power fowunsolvability” , IEEE Transactions on
Power System, Vol.11,No.2,pp. 1096-1103, May 1966

[12] Po- Hung Chen, Hong-Chan Chang, “Large-Scale
EconomicDispatch by Genetic Algorithm” , IEEE Transaction on
Power System , Vol.10, No.4, pp. 1919-1926,November 1995

[13] Anastasios G. Bakirtzis, Pandel N. Biskas, Christofors E. Zoumas,
Vasilios Petridis, “Optimal Power Flow by Enhanced Genetic
Algorithm ” ,IEEE Transaction on Power System ,Vol.17,No.2, pp.
229 -236,May 2002

[14] Chao-Lung Chiang, “Improved Genetic Algorithm for Power
Economic Dispatch of Units with Valve-Point Effects and Multiple
Fuels” , IEEE Transaction on Power System ,Vol 20, No.4, pp.
1690- 1699,November 2005

[15]B.Zhao,C.X.guo,Y.J.cao “Improved partical swarm optimaization
algorithm for OPF problem” IEEE, pp1-6,2004.

[16] L. L. Lai, T. Y. Nieh, D. Vujatovic, Y. N. Ma, Y. P. Lu, Y.W.
Yang,H

[17] Braun “Particle Swarm Optimization for Economic Dispatch of
units with Non-smooth Input-output Characteristic Functions”
ISAP, pp. 499- 503,2005.

[18] F. R. Zaro M. A. Abido “Multi-Objective Particle Swarm
Optimization for Optimal Power Flow in a Deregulated
Environment of Power Systems” 978-1-4577-1676-8/11, 2011

[19] T. Niknam M.R. Narimani J. Aghaei R. Azizipanah-Abarghooee
“Improved particle swarm optimisation for multi-objective optimal
power flow considering the cost, loss, emission and voltage stability
index” IET generation, Transmission and distribution vol 6,issue.6
pp. 515-527,2012

[20] C. Sumpavakup, I.Srikun and S.Chusanapiputt “A solution to
optimal power flow using Artificial Bee Colony algorithm”
International Conference on power system technology 978-1-4244-
5940-7/10, 2010

[21]KursatAyan,Ulaskilic, Burhan Barakli “Chaotic artificial bee
colony algorithm based solution of security and transient stability
constrained optimal power flow” Electric power and energy system
64 pp.136- 147,2015

[22] Indrajit N. Trivedi, Pradeep Jangir,Siddharth A. Parmar
andNarottamJangir “Optimal power flow with voltage stability
improvement and loss reduction in power system using Moth-Flame
Optimizer” Neural Computing & Applications, 2016

[23] Florin Capitanescu “Critical review of recent advances and further
developments needed in AC optimal power flow” Electrical power
system research Vol 136 pp 57-68 ,201

[24] D.H. Wolpert, W.G. Macready, No free lunch theorems for
optimization, IEEE transactions on evolutionary computation, 1
(1997) 67-82.

[25] S. Saremi, S. Mirjalili, A. Lewis, Grasshopper optimisation
algorithm: theory and application, Adv. Eng. Softw. 105 (2017) 30—
47

[26] S.Zz. Mirjalili, S. Mirjalili, S. Saremi, H. Faris, 1.
Grasshopper  optimization  algorithm  for
optimization problems, Appl. Intell. (2017) 1-16

Aljarah,
multi-objective

240



International Journal of Computer Sciences and Engineering

Authors Profile

Mr.  A.l.Modi pursed Bachelor of
Engineering from Gujarat  University,
INDIA. in 2001 and Master of Engineering
from Gujarat Technological University,
INDIA in year 2013.. He is currently
working as Senior Lecturer, in Department
of Electrical Engineering, at RCTI Ahmedabad, INDIA. He
has more than 12 years of teaching experience.

Mr. T.V.Rabari pursed Bachelor of
Engineering from Gujarat  University,
INDIA. in 2002 and Master of Engineering
from M.S. University, INDIA in year 2013..
He is currently working as Senior Lecturer,
in Department of Electrical Engineering, at
RCTI Ahmedabad, INDIA. He has more
than 12 years of teaching experience.

© 2019, IJCSE All Rights Reserved

Vol.7(3), Mar 2019, E-ISSN: 2347-2693

241



