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Abstraci— Tn this paper, a Spotted Hyena Optimizer (SHO) is
employed in the context of addressing a constrained optimization
problem to solve a cogeneration power plant (CGPP) problem
through a classical approach. The paper examines the CGPP
system threngh consideration of the 3E aspects (energy, exergy,
and economy) through thermodynamic analysis. The equipment
used in the system included a condenser, a turbo-generators, and
a boiler. Two design  optimization approaches were used: single
objective optimization (SO0) and multi-objective optimization
(MOO), with a comparison conducted using the SHO algorithm.
On the basis of the findings, one optimal solution was refurned
by SOO-SHO from 2 single rin, while a set of optimal solutions
was discovered using MOO-SHO. The use of a S00-SHO model
requires the researcher to determine the preferred settings prior
to starting the run, whereas the MOO-SHO does not require
such decisions to be taken until after the run is complete.
Typically, the SO0 approach generates the optimal solution
when considering a particular objective, while the MOO uses a
broader array of information to reach richer solutions that
consider the broader perspective.

Keywords— Spotted Hyena Optimizer, Cogeneration power
plant, Single abjective optimization, Multi-objectives optimization,
Meta-heuristics

I. INTRODUCTION

Numerous exlernal factors affect the operational aspects of
energy systems, and therefore the environmental and econoemic
factors must be considered by system designers if they are to
optimize the system in practice. The combined cycle power
plants (CCPP) offer a high level of energy cfficiency. They
have drawn considerable atlention due to (his advantage and
the low levels of pollution generated, especially in terms of
greenhouse gases, and the flexibility offered by their operation.
One frequently used approach for CCPP is the pas-steam
combined cycle, involving a gas wrbine cycle, known as the
lopping cycle, and a stcam turbine cycle, known as the
bottoming cycle. These cycles are then combined via the heat
recovery steam generator [1].

Energy analysis is the most widely applied approach to
assess energy conversion system performance, but today there
is growing attention focused on the combined issues of exergy
and cxergy destruction. It has been shown that the 3E (energy,
exergy, and environment) analysis can be an cffective means of
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evaluating thermal power plant performance from varying
perspectives [2-4].

In order to achieve optimal operational efficiency while
controlling costs and minimizing the environmental impact of a
power plant, it is first necessary to establish the nature and
whereabouts of the various aspects which require
improvement, as well as to determine thc scale of the
problems. To do this, exergy analysis can be applied since it
allows the various thermodynamic inefficiencies within the
system 1o be quantified. Exergy can be defined as the work of a
system as it achieves thermodynamic equilibrium with its
surrounding environment in a process which can be reversed.
Exergy analysis has been applied ftcquently over recent years
in research into power plants [5-9].

In practice, the solutions to real-world problems must often
address more than one objective. For instance, it may be
necessary to minimize risk, cost, or variation from specific
targets while maximizing reliability and efficiency. When
applying single-objective optimization (SOO), the approach
aims to find just one solution deemed to be the best by treating
all of these objectives as a single goal. While this approach can
help decision makers provide an overview of the problems, it
does not provide a range of solulions that offer different
advantages as the various objectives are balanced against each
other. In contrast, multi-objective optimization (MOO) allows
many solutions to be proposed since no single solution is
optimal for all of the contrasting objectives. The solutions form
a set of compromises described as the trade-off, non-inferior,
non-dominated, or Pareto-optimal solutions [10].

Used in isolation, SOO will locate one optimal solution, but
it can also be used as a MQO component. When this is done,
the various objectives are not combined to form a single goal,
but instead, the algorithm works to oplimize one of the
variables while the others are pre-set to act as constraints.
Where objectives take the form of constraints, the levels are set
in line with the desired objective function, minimizing cosl, or
maximizing reliability. The algorithm then performs multiple
runs, aiming to determine solutions that satisfy the
requirements of various constraint combinations. The problem
is that typical real-life scenarios in design and planning have
vast numbers of alterpative solutions. Therefore, MOO
techniques will be advantageous to discover a broader range of
solutions, especially where it is not specified initially which of
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the varipus objectives must be prioritized when secking
solutions since pre-specification of this preference is not
required [10].

In recent years, the real world, along with its various
problems, has become increasingly complex, and as a
consequerice, it is neccssary 1o apply metaheuristic techniques
that are better able to address these scenarios. Such algorithms
are now routinely applied to (ind optimal solutions in situations
involving engineering design, Their usc has risen in popularity
due to their ability to handle complex real-life scenarios
efficiently in a manner superior to that of traditional classical
approaches [11].

There are four main metaheuristic classes, based on the
underlying form of inspiration taken by each type. These four
types can be listed as follows: Swarm Intelligence (SI),
Evolutionary Algorithm (EA), Physical Algorithms, and
Human Algorithms [12-13].

The typical EA has its basis in natural Darwinian evolution,
and it mimics the evolutionary biological processes of
recombination, mutation, and selection. Examples of this type
include the Genetic Algorithm {(GA) [14] and Differential
Evolution (DE) [15]. SI is based on how animal groups behave
naturally, whether migrating, hunting, or seeking a mate. One
widely applicd example is Particle Swarm Optimization (PSO)
[16], while the Spotted Hyena Optimizer {SHO) [17] is also
gaining attention, along with the Jellyfish Sear

1. METHODOLOGY

A. Spotied Hyvena Optimizer (SHQ)

The SHO [17] is based on spotted hyena packs' activity as
they converge upon their prey [17]. The animals operate in
groups and work together to locate their prey, surround it, and
launch their attack. The algorithm, therefore, models this
behavior as it searches for optimal solutions, shown Fig.1 [17].

Fig. I. The locational updates mechanism for ‘the search agent, when
(+1. B} its initial position and (A', B') updates its position of prey [17)].

In the course of the search process, the .best candidate
solution at any given point can take the role of the prey, which
acts as a solution close to the optimum since there is no prior
knowledge of the search space [24]). The SHO assumes that the
clite search agent is aware of the prey's whereabouts, while the
other individuals will seek to make positional updates by
forming a cluster-based around the elite agent. Earlier studies
have detailed the equations which govem the activity of the
SHO [25-27]. The mathematical modeling of the phase where

" the prey is surrounded during the optimization follows the
equations given below [17],[25]:

Ds ={B-P, (1)~ P(r)| (1

P(t+1)=P,()—E*D» V)

in which ¢ indicates the present iteration, B and E acts as
the coefficient vectors, P, represents the prey position vector,
P represents the spotted hyena position vector, Dy shows the
distance between the hyena and the prey, and[ | indicates the
absolute value and vector multiplication [17], [25].

The coefficient vectors given by B , E can be determined
as shown [17], [25].

B =204 )
E=2hbdr-h [Z))

) e

in which #=1,23,..., T arranged to achicve a balance of
exploration and exploitation, while % decreases in a linear
fashion from 5 to 0 as the iterations progress, and &4, ,
®d serve as random vectors in [O,I] [17], [25].

To replicate the hunting activity of the hyenas in
mathematical form, it is assumed that the best search agent is
the optimum, representing the prey location, while the other
search agents undergo a process of position updating as they
approach the best solution, which is then saved.
Mathematically, the following equations convey this process
(17], [25].

Di =|B+Ps - P )

Pi =Py —EDy (7

Ch =Pi+ Puot +.ot Pan ®)
N=c,, (_ﬁh,]_’h«ul,}sﬁu,...,(ﬁn +H)) (9

the best
hyena, P: shows the location of other hyenas, N reveals the

Initially, P: it shows the location of
total number of hyenas, ﬁ_acts as a random veclor [0.5,1] ,
nos indicates how many solutions there are, ¢,,, is the count of
the candidate solutions, Cs indicates a cluster containing
N optimal solutions [17],[25].

To formulate the mathematical model describing the attack
upon the prey, the equation given below is applied [17], [25].

ﬁ(:+1)=% (10)

P(r+1) indicates the current best solution while giving
updates of the other search agent positions relative to that of
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the best agent, and as the hyena attack upon the prey takes
place, the positions are updated continuously [17],[25].

Based on the various approximations, the steps required for
the SHO can be simplified 10 create the SHO algorithm, for
which the pseudo-code is indicated, as shown below [17],[25].

SHO algorithm [17],[25]

1. Determine the spotted hyena population £ (:‘ = 1,2,...,n)
2. Initialize h,B,Eand N

3. Determine the fitness for each of the search agenis

4, P, = the best search agent )

5. Cr=the group or cluster of all far optimal solutions

6. While {1 <Max number of iterations) do

7. for each search agent, do :

8. Update the position of the current search agent
by Eg. (10)

9. End for

10. Update &, B, £ and N

11. Assess whether any search agent extends beyond
the search space and make the necessary .

) alterations

12, _Assess the fitness for each of the search agents

13. Assess P and determine whether a supetior

solution can be found using Eq. (6) and Eq. (7)
14. t=t+1
15. end while

16. Return ?rr

B. Optimization formuiation

This study investigates the use of SHO with both SO0 and
MOO problems. The MQO process generates a set of solutions
that are non-determined and known as a Pareto optimal set.
Each of these sets is based on a compromise between the stated
objectives and represents an option that the user can choose
when considering the prioritization of different objectives
based on the specific circumstances faced in any given project.
In general, the MOO problem can be set out, as shown below
[28]:

min/max: S i=12,..,1
ject to: = i=1,2,...
Subject to gj(x) 0 F=L2,..m an
b (=0 E=12,..p
X =(%, XyeX, )

Where f;{x) indicates the i objective function, and
min/max denotes the combination of object operations.
Moreover, & it refers to the total number of functions of the
criteria. Tt is the decision vector, while X it serves as the
column vector representing the # independent variables.
g,(x)=0 indicate equality constraints while A (x)20
serving as inequality constraints. In the absence of friction
arising objective functions, it is possible to reach a solution for
which all of the stated objective function will be optimized.
However, to eliminate trivial cases, there is the assumption
that no single solution exists, which will be optimai for all
objective functions. From this, it can be inferred that there

must be a certain degree of conflict among the objectivc'

functions, which will also be expressed using different units.

In this research, the MOO-SHO, which can be solved
through the weighted sum method (WSM), which changes
MOO problems into aggregated scalar objective functions,
which is achieved by multiplication of each of the objective
functions by a weighting factor, followed by determining the
sum of all the terms, as shown Eq. (12) [29-33]:

min/ max z=zk:w,‘f&(x) (12)

xelf
This research has three fitness functions shown in Eq.
(13-15), which can be expressed:

max fg (nE.candmwr sNEmrbugencrators nEJ:oifc.v-) (13)
maxf;;(n,, enser> Ve rbogenerator ,n&bom,r) . (14)

min j;, (Cmtd'enm- 4 Cmﬂmgenemmr * Cboﬂcr ) ( 1 5)

In which the average enthalpy cfficiency, average exergy
efficiency, and the overall cost shown as a symbol (., /., £,

, Tespectively.

C. Cogeneration power plant {CGPF) problem

Fig. 2. CGPP configuration.

The configuration for the CGPP is presented in Fig. 2 and
shows the varicus components, including the condenser, the
turbogenerator, the boiler, and the -transformer. As the
operational process takes place, the water, and natural gas
initially enter the boiler, proceeding to the turbine, connected
to the generator to produce electricity. For cach of these
processes, the steady-state and steady-flow conditions must be
taken into consideration.

- Energy analysis
Using the first law of thermodynamics, it is thus possible
to calculate the enthalpy efficiency (n,.) for each of the key

equipment items using the equation:

> Enthalpy output
ng = - x100 (16)
Z Enthalpy input

- Exergy analysis
Using the second law of thermodynamics, it is possible to
calculate the enthalpy efficiency (n,) for each of the key

equipment items through the application of:
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Exer: tput
o[ e oupit o an
> Exergy input

- Economics Evaluation
1. Cost of condenser [33]

ot = A X280 (18)

Where A 4., is the heat transfer area on the condenser
(m?)

2. Cost of turbogenerator [34-3 5]'

067
(560 x Po¥ ) +[co x elee ]
(19)

w.elec. 0

Cmbogam:ar - 1.18

Where  w,,, is power elecirical (kW)
W, o I8 pOwer electrical at reference (kW)
P, is the turbine shaft power output (k1/h)
¢, is the cost torrelations at reference condition
(3USD) .

3. Cost of boiler [34]

Couit

e

=3x O X Npp X Ny (20)

Where @, is the boiler heal require (kJ/h)
Np is the operating pressure factor
N is a superheat temperature factor

D. SHO algorithm Validation

Before applying the SHO algorithm, it must undergo
validation, which can be carried out via MATLAB sofiware
V.2020a. The process used a population of 50, with 1000
iterations, while the SHO parameters can be found in [17].

Accordingly, two well-known functions of the
benchmark function problem [36] underwent testing:
unimodal (Function 1) and multimedal (Function 2).

Function 1: Step function is a unimodal function for

which (he minimum solution 0 is located f| (x')=[0,0,...,0]

while the values lie within the range of [—100, 100].

Sx) =i(xi +0.5) 2n

in which the values of # =100

Function 2: Penalized-1 function serves as a problematic
multimodal function. The global optimum 0 has the location
L) =[L1,..,]] within the domain of [-50,50). The

mathematical representation of the Penalized-1 function is
shown as follows:

Sl =

{ll‘.isin2 (;ryl}+$(y, -1y [l+lOsin’ (73 )]+(y,,—l)2}+gu, 22)

r
D
k(x,~a) x>a
u, =40 asx <a (23)
k(-x,—a)’ x<-a
y=1+9“:—1) (24)

in which the parameter values are set to be
D=20,k=100, a=10,and n=4.

IIT. RESULTS AND DISCUSSION

A. Validation of the algorithm

The 30 reliability tests using the SHO algorithim conclude
that the SHO algorithm can be applied to seck solutions and
determine the global optima or near-global optima for all
formula types. As indicated by the standard deviation, the test
robustness may be summarized using the statistical findings
shown in Table i.

TABLEL STATISTICAL DATA
Function Mean | Best | Worst | St.dev.
Step 0.0088 0 0.2486 | 0.0454
Penalized 0.0001 0 0.0022 | 0.0004

B. Comparing the SO0 and MOO a;u.rions using SHO
algorithm :

To evaluate the munning performance, the test would be run
30 times for each option using the same fitness for the first
iteration according to the SHO algorithm. When the four
options were examined, the SOO tests weren, n, , C; options

while the MOO test was performed to compare the
performance. The resulting scatter plot for the correlation is
shown in Fig. 3, using a bar for each option. The SO0 test 1.

appears in Fig.3(a) and the MOO value for enthalpy's average
efficiency. Consequently, the SO0 1, option and the MOO

provide quite similar values at 79.05% to 83.16%. In contrast,
the SO0 C, option provides the worst average efficiency of

enthalpy value at 65.21% to 71.29%.

In Fig. 3(b), the MOO for average efficiency of exergy
achieves a maximum value at 38.05%, while running the SO0
1, provides the best outcome at 37.79%. It can thus be

inferred that the MOO scarching solution is preferable to that
of the SCO 1, option and the alternative SOO. Fig. 3(c) shows

more excellent value in running the MOO for overall costs
than the SCO for cost options. However, the SO0's enthalpy
and excrgy values and efficiencies are low, while overall cost
value saves, The temperature used is also low, and therefore
the values for energy consumption, enthalpy, and exergy
efficiency are also low due to the relationship between these
factors,

Data for the mean and st. dev. for the average efficiency of
enthalpy, the average efficiency of exergy, and the overall cost
for both MOO and SOO options can be observed in Table 2,
from which it can be determined that the MOO ftesting
approach provides an acceptable mean and robust st. dev.
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The difference between the MOO and SOO options lies in
the search solution capacity. Only one objective function will
be suitable for solving the SOO problem because SO0 can
find only one function globally optimized, but the other two
objective functions are local optima points. However, multiple

objective functions will arise to meet MOO because MOO can .

find the global optima point or near-giobal point of all
objective functions.

TABLEIL STATISTICAL DATA OF EACH OPTION
Option e pnge * 70 Moy 78 Costyy (x10E7)
(Mean/Stdev.)  (Mean/St.dev) , $USD
{Mean/St.dev.)
MOO 79.05-82.43 35.31-38.05 2.79-2.93
(81.54/0.75) (37.03/0.56) (2.87/0.05 12)
SO0 fE 82.11-83.16 31.73-36.50 2.88-2.92
(82.79/0.29) (33.82/146)  (2.90/0.0081 7)
SO0 f, 80.78-82.59 36.47-37.79 2.80-2.93
(81.66/0.50) (37.22/0.35) (2.88/0.0318)
500 [, 65.21-71.29 30.04-35.89 1.68-1.80
(67.86/1.13) (33.18/1.13) (1.73/0.0248)
sootd e

soord Tl T T T

SO0 by e s C |

mood .7 LT L L. Teeag
— —r—r—r-rT Ty 1

60 65 0 75 20 85

Averape Enthalpy EMcleccy (%)
(@)
$00 [, . [ -'.Jl_'ﬁ\; < . .
500 &- il
s00f ORI TR I
mood LT T et
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28 0 31 k1 s 38 40
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- (b)
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o o e g
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1.5x%107 S ZI.IIJ; o ) ".'.'S:ID" """ Slllﬂ’
Overall Cost (SUSD)
()

Fig. 3. The individual scatters plot values using column bars for each option
via SHO (a) average enthalpy efficiency, (b) average exergy efficiency, (c)
overall cost.

IV. CONCLUSION

In this paper, a CGPP system was evaluated using a single
and multi-objective optimization structure to minimize cost,
maximize energy efficiency, and simultaneously maximize
exergy efficiency. A novel balanced model of “the spotted
Hyena Optimizer (SHO) algorithm was used to perform the
optimization to achieve these aims.

The varying attributes and efficiencies of the proposed
methods were assessed by comparing the algorithm
performance when addressing SOO and MOO problems with
the CGPP under specified constraints. For the optimal average
energy and exergy efficiency, MOO-SHO achieved respective
values of 82.43% and 38.05%, while the optimal overall
equipment cost for the CGPP system was $USD 2.79 x {0E7.
In comparison, the SOO-SHO achieved 83.16% and 37.79%
values for energy and exergy efficiency, with a total cost of
$USD 1.68 x 10E7. Therefore, it was concluded that when the
SOO-SHO was used to optimize the CGPP system, there
could not be a single optimal solution where the objectives
were contradictory since no single value could simultaneously
address all of these objectives. Where the MOO-SHO
approach is used, sets of solutions will be generated, superior
to other alternatives within a particular search space
concerning the specified objectives. However, when only one
of the objectives is examiried, the solutions generated may not
be optimal. This is also true when considering a small subsct
of the entire set of objectives overall. Thus, it can be
demonstrated that when the constraints are relaxed, it is
possible to generate an appropriate MOO function for the
CGPP system.
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