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The CHPED (combined heat and power economic dispatch) is a complex engineering optimization
problem. The goal is to minimize the system production costs by taking into consideration different kind
of constraints. This research investigates the first implementation of a prevailing bio-inspired meta-
heuristic called the cuckoo optimization algorithm which is powered by a penalty function (PFCOA) for
solving the CHPED problem. Two case studies of the CHPED are presented and the results are compared

to those obtained by several other optimization techniques applied in the literature. It has been proven
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that the implemented PFCOA is superior.
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1. Introduction

The quotidian dependence of people for electrical power and
useful heat pressures researchers to develop combined systems to
meet aggregate demand. The main idea is to integrate co-
generation units producing both heat and power simultaneously.
With increasing fuel prices, the CHPED (combined heat and power
economic dispatch) is a fundamental issue in power systems.
Basically, the CHPED is an optimization problem whose objective is
to minimize the total cost of heat and power co-generation while
considering all operating constraints [1,2]. The literature shows that
several researches have been proposed to deal with the CHPED
optimization problem. The methods used can be divided into three
categories: Nonlinear optimization methods (e.g., dual and
quadratic programming), gradient descent approaches (e.g.,
Lagrangian relaxation), and evolutionary computation techniques
(e.g., GA (genetic algorithms), PSO (particle swarm optimization),
and ABC (artificial bee colony)).

The works of Rooijers & Van Amerongen [3] and Guo et al. [4]
are considered the oldest and most popular papers dealing with
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the CHPED optimization problem. The authors applied dual/
quadratic programming and Lagrangian relaxation, respectively.
The limitation of these methods for handling the different kinds of
the considered constraints motivates most researchers to move
towards Al (artificial intelligence) optimization methods, also
referred as evolutionary computation techniques. A detailed review
on the application of Al to the CHPED problem could take up the
whole paper. By the way, in this section, we will cite a nonexecutive
overview of papers and a comprehensive summary is presented
later. Song and Xuan [5] successfully employed genetic algorithms
with a penalty function (GA_PF). In Ref. [6], Su and Chiang proposed
an incorporated algorithm consisting of improved genetic algo-
rithm with multiplier updating (IGA_MU). The DE (differential
evolution) and its improved version (IDE) were implemented by
Karimzadeh [7] and Najafi et al. [8], respectively. A SPSO (selective
particle swarm optimization) for the CHPED problem was proposed
by Ramesh et al. [9]. It should be noted that relatively new evolu-
tionary computation techniques were successfully applied, such as:
IWO (invasive weed optimization algorithm) [10], FSS (fish school
search) [11], MGSOA (modified group search optimization) [12],
ISFLA (improved shuffled frog leaping algorithm) [7], and FA (firefly
algorithm) [13].

The aim of the present work is to introduce the first imple-
mentation of a modern evolutionary computation technique for
the CHPED problem, namely the cuckoo optimization algorithm
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inspired by the lifestyle of a distinguished bird called the cuckoo.
The algorithm is powered by a penalty function for handling the
constraints (PFCOA). The rest of the paper is organized as follows.
Section 2 presents the general mathematical model expressing the
CHPED optimization problem. Section 3 describes the concept of
the employed cuckoo optimization algorithm with penalty function
(PFCOA). Two case studies consisting of four and five units
respectively with numerical results and discussion confirming the
effectiveness of the proposed method are highlighted in Section 4.
Finally, Section 5 draws conclusions of this research.

2. Optimization formulation of CHPED problem

From a mathematical point of view, the CHPED problem is a
nonconvex and nonlinear optimization problem. The objective is to
find the optimal allocation of power and heat generation with
minimum total production cost such that both total heat and power
demands and other constraints are met while the optimal points
should be within the feasible operating regions (i.e., combined heat
and power units are operated in a bounded heat versus power
plane). Fig. 1 shows the feasible operating region of a combined
cycle co-generation unit enclosed by the boundary curve MNOPQR,
as described in Refs. [2,4,14—18].

Basically, the CHPED optimization problem can be formulated as
follows:

Objective function
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Fig. 1. Feasible operating region of a co-generation unit.
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where cost is the unit production cost; P is the unit power gener-
ation; H is the unit heat production; Hg and P4 are the heat and
power demands, respectively; i, j and k are the indices of conven-
tional power units, co-generation units and heat-alone units,
respectively; np, nc and ny are the numbers of the kinds of units;
P™™ and P™ are the unit power capacity limits and H™" and H™**
are the unit heat capacity limits.

3. Implementation of cuckoo optimization algorithm with
penalty function for CHPED problem

The COA (cuckoo optimization algorithm) was inspired by the
reproduction cycle of the bird cuckoo after the pioneer works of
Rajabioun [19] in 2011. The cuckoo has the ability to lay its eggs in
the nests of other species of birds by mimicking the pattern and
color of the host birds' eggs. Some eggs are recognized as intruder
and destroyed by the host birds. The cuckoos’ chicks are fed by the
host bird; however, some of them starve as they eat more than their
own chicks. Therefore, the mature cuckoos seek the best habitat
and migrate toward goal. The COA has been successfully applied for
different engineering optimization problems, such as: multivari-
able controller design [19], replacement of components subject to
technological obsolescence in industrial plants [20,21], statistical
process control [22], advanced machining processes [23], deter-
mination of the warranty period [24], and multi-pass turning op-
erations [25].

Basically, in this paper the PFCOA is implemented for the non-
convex CHPED problem as follows:

Step 1: [nitialization: a random of initial population of cuckoos
starts laying eggs in their habitat as given by:

Habitat = [Py, (P2, Hy), (P3,H3), (P4,Hy), ..., (Pn, Hy), Hn1]
(4)

where P; is the conventional power unit, (P, Hy) is the co-
generation unit 2, (P3, H3z) is the co-generation unit 3, (Py, Hy) is
the co-generation unit N, and Hy, 1 is the heat-alone unit.

Step 2: Allocation: a random number of eggs is attributed to
each cuckoo within a bounded number.

Step 3: ELR (Eggs laying radius): the cuckoos start laying eggs
within their respective distance given by:

Number of current cuckoos’ eggs
Total number of eggs

ELR = & x X (Vary; — varyy)

(5)

where « is a positive integer, vary; and vary,,, are the upper limit and
the lower limit for variables, respectively.

Step 4: Eggs recognition: destroy some eggs.
Step 5: Growing: the eggs not destroyed hatch and the cuckoos’
chicks grow.
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