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Abstract- Conventional methods for solving optimization problems can work effectively only if the fuel cost curves of generating
units are assumed to be linear and increasing monotonically else they will likely to converge at infeasible solutions. Combined
heat and power (CHP) is a consistent approach for solving power and heat energy generation problems. The objective of the
combined heat and power economic dispatch (CHPED) problem is to minimize the cost while finding the corresponding
scheduled values of heat and power find the optimal point of power and heat generation such that both heat and power equality as
well as inequality constraints are met. In this paper, Society civilization algorithm (SCA) approach is adopted for solving

combined heat and power economic dispatch problem.
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|. INTRODUCTION

he practical operating difficulties in a load dispatch

problem involves prohibited operating zones and

loading effects for combined heat and power (CHP)
generation. In the recent years, various methods have been
developed such as evolutionary optimization, modified
particle swarm optimization (PSO) and anti-predatory PSO to
address Economic load dispatch issues. Scarcity of energy
resources, increasing power generation costs, and ever-
growing demand for electric energy necessitates optimal
economic dispatch in today’s power systems. The objective
function for the CHP problem and corresponding constraint
can involve linear or nonlinear functional equations, the
constraints can be bound constraints, equality or inequality
constraints, or integer constraints.

Il. SOCIETY CIVILIZATION ALGORITHM

Society civilization algorithm (SCA) introduced by T. Ray
and K.M. Liew obtains the optimal solution corresponding to
minimized cost function based on intra and inter society
interactions. In SCA, individuals are grouped in clusters with
better performing individuals of each cluster as society
leaders. All such societies constitute the civilization with the
best society leader as the civilization leader. In the course of
optimization, the society members follow their Society leader
and the society leaders follow the civilization leader[1]. Every
society involves its better performing individuals constituted
as leaders to help others in the society for improving intra
society exchange of information. This exchange of
information results in the migration of a point toward a better

performing point in the cluster. Leaders of a society improve
through intersociety information leading to migration of
leader[2]. This process of leader migration helps the better
performing societies to flourish that correspond to a search
around globally promising regions in the parametric space[3].
SCA can be implemented for economic dispatch (ED)
problems as below:

Stepl.) Initialization of civilization :

The civilization with M individuals is represented as a matrix,
i.e.,

CiV(t) = [X,, X0 X X ]
X, = Xy Xyypees X

with te1. (nH

o ]

Step2.) ldentifying society leaders:

The individuals of Civ(t) are arranged in the ascending order
of PFT values and the first Ns individuals are selected as
society leaders, i.e.,

SL(t) =[SL,,SL,,...SL,] o

Step3.) ldentifying civilization leader:
Civilization leader is the society leader with minimum

objective function value(PFT). For t not equal to 1:
Objective(t) = PFT(CL(t)) if Objective(t — 1) > PFT(CL(t))
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Objective(t) = Objective(t — 1)
if Objective(t — 1) < PFT(CL(t))

Step4.) Identifying society members:

The remaining individuals form a set of society members, i.e.,

SM(t) =[SM,,SM,...,SM ]

®3)

The society members set has to satisfy the following
condition:

SM(t) € Civ(t) such that SM(t) N SL(t) = P
Step5.) Forming societies:

For each SMr € SM(t), the Euclidean distance between the
society member and the society leaders are determined as

below:
NG

D, = > (SM, (1) _SL, (1))’

where k=1, 2, .. ., N, (@)

The society member SMg is assigned to a society ‘s’, if Ds is
minimum.

Step6.) Forming new civilization:

The civilization for next generation is initialized as an empty
set, i.e., Civ(t+1)— @ . Then the civilization leader at “t’ is
directly included into the new civilization:

Civ(t+ 1) < Civ(t+ 1) U CL(t)

All society leaders, SLk (t), are moved toward civilization
leader and included into the new civilization as below

N
G

XS (t+1) = CL, (0 + N(0,0) % 3 (CL, (1) _SLy (1))
i=1
()
k=1, 2,..., Ns,
All society members, SMr (t) are moved toward the respective
society leaders and included to the new civilization:

N
G
X§ (t+1) = SLy(®) + N(0,0)x 3 (SLig ()_SM, (1))°
i=1
(6)
r=1,2,..., Ng,
Here s is the society in which SMr is attached.

Step7.) Termination Step:

If t = tmax, then optimization process is terminated, or else the
procedure is repeated from step 2 with t—t+1.
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I1l. PROBLEM FORMULATION

Combined heat and power (CHP) generation proves to be
promising than traditional generation methods because of its
energy efficient system. Such a dispatch problem is more
complicated than conventional ED since here in this problem
one or more units generate both power and heat. The
combined heat and power economic dispatch problem
(CHPED) of a system is to determine the heat and power
production so that the system production cost is minimized
while satisfying other demands of heat and power meeting all
other constraints. Cost function is the sum of cost functions
for all the units. Considering CHP units with convex quadratic
cost functions. The objective function of the problem is the
sum of cost functions for all units:

C(H)=a +pH +y H 2
b b b b b b b @)

2
Co(Pe) =ag +BoPy +7,Py 8)

2 2
Cchp(Pchp‘Hchp) OlchpJchhchhpJrkchppchp +5cthchp+Wcthchp +€chppcthchp

(9)
_ E CHP B
Min(F(X)) = eélce (Po) + Ch%zlc ChID(PChID , Hchp) + b§1cb (H,)
(10)

For power balance, an equality constraint must be satisfied
.Total generated power should be equal to total demand plus
total line loss.

E CHP

> P+ 2 P, =P +P

e=1 ¢ chp=1 ¢hp D 1)
ShH o+ > H H

. Ap * chp~''D

b=1 chp=1 (12)

The power output of the power units and the heat output of
heat units are restricted by their own upper and lower limits.
Capacity Limits of conventional Power unit, heat unit and
cogeneration unit:

piNiN < p, < pMax 82;
HM <y <M
min chp ; mgx (15)
Hchp (Pchp) = Hchp = |_|chp (Pchp) (16)
pmin (Hchp) <ptP Pmax(HChp)

chp = chp chp chp ~ chp

In case of combined heat and power economic dispatch
problem, active power transmission loss can be calculated by
using network loss formula as follows:

B B
P =3 5 PB.P. (17)
L i=1i=1 ' U I
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IV. CONCLUSION

In The strength of the proposed society civilization
algorithm is the perfect local-global search balance and can be
effectively implemented in order to obtain economic dispatch
for cogeneration plants. In this technique, the best-performing
particle of the society is the society leader and the intra society
interaction between society members and the corresponding
society leader wherein the individuals are guided only by
others enhances the local searching ability of the society
civilization algorithm, i.e. it simulates two movements: society
members towards society leader and society leaders towards
civilization leader. It has both exploration and exploitation
throughout the optimization and has a perfect balance between
local and global searching abilities due to which this algorithm
can exploit a promising region efficiently for solving the
proposed problem.

V. REFERENCES

[1]. A Immanuel Selvakumar, “  Civilized
swarm optimization for  multi  objective  short-term
hydrothermal scheduling”, Research Article International
Journal of Electrical Power & Energy Systems, Volume
51, pp. 178-189, October 2013.

[2]. A. Immanuel Selvakumar and K. Thanushkodi ,
“Optimization using civilized swarm: Solution to
economic dispatch with multiple minima”, Original
Research Article
Electric Power Systems Research, Volume 79, Issue 1, pp
8-16, January 2009.

[3]. T. Ray and K.M. Liew, “Society and civilization : An
optimization algorithm based on the simulation of social
behavior Evolutionary computation”, IEEE Transactions
on evolutionary computations, Vol. 7 , Issue 4, pp.386 —
396, 2003.

[4]. N. Sinha , T. Bhattacharya , “Genetic Algorithms for
non-convex combined heat and power dispatch
problems”, TENCON 2008 IEEE Region 10
Conference , vol. 1, no. 5, pp. 19-21, Nov. 2008.

[5]. D.P. Kothari, J.S. Dhillon, “ Power System
Optimization ”, second edition, vol. 2, pp. 505-593, 2012.

[6]. Krishna Teerth Chaturvedi, Manjaree Pandit, Laxmi
Srivastava, “ Particle swarm optimization with time
varying acceleration coefficients for non-convex
economic power dispatch,”Journal of Electrical Power
and Energy Systems, vol. 31, pp.249-257, 2009.

[7]. Jong-Bae Park , Yun-Won Jeong, Joog-Rin Shin, Lee,
K.Y., Jin-Ho Kim, “ A Hybrid Particle Swarm
Optimization Employing Crossover Operation for
Economic Dispatch Problems with Valve-point Effects”,
ISAP International Conference of Intelligent Systems
Applications to Power Systems, vol. 1, no. 6, pp. 5-8,
Nov. 2007.

[8]. Lingfeng Wang, C. Singh, “ Stochastic combined heat
and power dispatch based on multi-objective particle
swarm optimization”, |EEE Power Engineering Society
General Meeting , vol. 8, 2006.

International Journal of Scientific and Technical Advancements

ISSN: 2454-1532

[9]. Y.H. Song, C.S. Chou, T.J. Stonham, “ Combined
heat and power economic dispatch by improved ant
colony search algorithm”,  Electric Power Systems
Research , vol.52 , pp.115-121, 1999.

[10]. Nidul Sinha, Lalit Ch. Saikia, Tanmoy Malakar,
Optimal solution for non-convex combined heat and
power dispatch problems using Differential Evolution ”,
IEEE International Conference on Computational
Intelligence and Computing Research (ICCIC), vol.1,
no.5, pp.28-29, Dec.2010.

[11]. M. Basu, “ Combined Heat and Power Economic
Dispatch by Using Differential Evolution”, Journal of
Electric Power Components and Systems, vol.38, pp.996-
1004, 2010.

[12]. V. Ramesh, T. Jayabarathi, Nishant Shrivastava and
Anup Baska, “ A Novel Selective Particle Swarm
Optimization Approach for Combined Heat and Power
Economic Dispatch”, Journal of Electric Power
Components and Systems, vol.37, pp.1231-1240, 2009.

[13]. Chapa Gonzalez, M.A., Galaz Vega, J.R., “An
economic dispatch algorithm for cogeneration systems”,
IEEE Power Engineering Society General Meeting, Vol.1,
no.6-10, pp.989-994, June 2004.

[14]. Mohammadi-lvatloo Behnam , Mohammad Moradi-
Dalvand, Rabiee Abbas, “ Combined heat and power
economic dispatch problem solution using particle swarm
optimization with time varying acceleration coefficients ”,
Journal of Electric Power Systems Research, vol. 95, pp.
9-18, 2013.

[15]. Lingfeng Wang, Chanan Singh, “Stochastic
combined heat and power dispatch based on  multi-
objective particle swarm optimization”,  Journal of
Electrical Power and Energy Systems, vol. 30, pp. 226—
234, 2008.

[16]. A. M. Jubril, A. O. Adediji and O. A. Olaniyan,
“Solving the Combined Heat and Power Dispatch
Problem: A Semi-definite Programming Approach” |,
Journal of Electric Power Components and Systems,
vol.40, pp. 1362-1376, 2006.

[17].  P. S. Nagendra Rao, “ Combined Heat and Power
Economic Dispatch: A Direct Solution,” Journal of
Electric Power Components and Systems,  vol.34,
pp.1043-1056, 2006.

[18]. K. Premalatha, and A.M. Natarajan , “ Hybrid PSO
and GA for Global Maximization”, Int. J. Open Problems
Compt. Math., Vol. 2, No. 4, December 2009.

Era Sharma, Sparsh Sharma, and Ankur Sachdev, “Combined heat and power economic dispatch using society civilization
algorithm,” International Journal of Scientific and Technical Advancements, Volume 4, Issue 1, pp. 171-174, 2018.




International Journal of Scientific and Technical Advancements
ISSN: 2454-1532

174

Era Sharma, Sparsh Sharma, and Ankur Sachdev, “Combined heat and power economic dispatch using society civilization
algorithm,” International Journal of Scientific and Technical Advancements, Volume 4, Issue 1, pp. 171-174, 2018.




