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Abstract

The electricity system is generally rapidly developing for covering various power demands with requiring a reliable and safe supply
where the substructures are expanding further in generation systems, transmission systems, and distribution systems. However,
the system must be run economically to access energy at a cost-effective level related to existing energy enterprises and energy
consumption in the load which is represented periodically in the total costs of operations for all operating units. As a basis for its
determination, the transmission of economic power within the technical limits applicable is taken into consideration. Environmental
factors, onthe other hand, are also animpediment to technical limitations. As a result, the operation's economic measure is expressed
in the process of providing and selling energy to customers. These works use the Artificial Bees Colony algorithm to determine
the scheduling of generating units using the basic principle of optimization to describe its relationship as an economic function.
The IEEE-30 bus system is used as a basic model for system development. The analysis' findings show that the weighting factor scheme
has an impact on the minimum total cost and that the combination of the electricity distribution process and environmental factors
has implications for the operational financial condition and electricity production. The power output, in particular, is proportional to
the cost of each generating unit.
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1 Introduction

Maintaining an energy balance between energy provid-
ers and users is one of the most important aspects of an
electric power system. This is why the power plant must
be able to provide energy consistently to meet the load
requirements at all times. The electric power system can
be described in simple terms as a simple relationship
between the generating unit and the energy users, which is
currently evolving into a large grid electric power system
with many interconnected physical parts [1, 2]. This sys-
tem has evolved rapidly with the advancement of electri-
cal technology, incorporating various connections at var-
ious voltage levels into an integrated system. The power
system, on the other hand, has begun to integrate various

types of generating systems to meet the energy needs
of load centers located across multiple regions [3-5].
Furthermore, the system can be configured in a variety of
ways depending on the requirements, though it can gener-
ally be divided into subsections based on its function. In
general, a power system structure is developed using an
interconnection network to connect and channel electrical
energy from the generator location to the demand area.
For example, the Java Bali Power Grid (JBPG) is linked to
the Malang Raya City Power Grid (MRCPG) and is used
to integrate all voltage levels in systems that interconnect
loads and generators, where this condition is operated in
isolation. Furthermore, this system is run using strategies
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that use the least amount of fuel. The least-cost approach
leads to the inclusion of financial consideration in power
generation. Furthermore, this condition necessitates the
selection of the appropriate combination for all power gen-
eration units involved in service operations for a full day
to maintain system balance and adequacy [6, 7].

Furthermore, the power plants are operated following
their requirements and the schedule established as a guide
for daily operations. Hydro, gas, steam, and other power
plants are among the integrated plants in this system. The
power system has been integrated into an existing system.
When combining different types of power plants to support
the load, it's critical to keep the selection and scheduling of
operations in mind. As a result, the operation of this device
entails precise measurement and division for the composi-
tion of each power plant [7-9]. As seen in the load dispatch
optimization, optimization is also one of the strategic mea-
sures to decide the loading for each electricity generation
unit, so that the process remains in optimal and cost-effec-
tive conditions (OCEC). The MRCPG, as part of the JBPG,
should be run economically concerning the OCEC prob-
lem. The OCEC problem, which is defined as an optimal
scheduled generating unit for contributing in the portion of
the unit commitment for power production while supplying
the load demand, is one of the most important concerns in
power system operations and planning [10—12].

Global warming has received a lot of attention in recent
years. As a result, many attempts have been made to reduce
the global temperature increase. So that early on, weather
conditions at critical stages of global warming can be
tracked. This environmental necessity is exacerbated by
the rising temperature on Earth as a result of various human
activities [8, 13, 14]. According to the processing activi-
ties, one of the contributors is linked to the power system's
activity. In this situation, the power system's activity con-
tributes to global warming by releasing contaminants into
the air. By taking this into account, the JBPG and MRCPG
have also been penetrated to keep pollutant discharge as an
environmental impact when firing thermal power plants,
and these results have also been evaluated.

Currently, the pollutant discharged into the airis referred
to as an Emission Optimization (EO) and is associated
with thermal power plants. In terms of financial perfor-
mance, this problem is also integrated into the MRCPG's
generating unit performance. Furthermore, environmen-
tal requirements for inclusion in the existing operation
imposed technical constraints and operational limitations.
Meanwhile, when the EO is taken into account, the OCEC
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problem becomes more difficult. Both problems are
expressed in the Integrated Economic Optimization (IEO)
model, which can be applied to MRCPG development and
solved using a variety of computations.

Many works on the OCEC have been proposed, with
mathematical programming and optimization techniques
being used to replace traditional techniques. Previously,
this traditional approach was commonly applied to a variety
of cases, with slight variations in the application in related
cases. As a result, this time-honored technique was fre-
quently used. Smart computations, which are composed of
smart techniques such as evolutionary algorithms to deter-
mine an optimal solution, have recently become alternative
ways of solving problems [14—16]. In line with the develop-
ment of various types of computing applications, the intelli-
gent calculation is becoming increasingly popular and widely
used in various technical issues. Furthermore, the method's
approach is flexible, allowing it to be applied to complex sys-
tems or models with a variety of variables. As a result, the
use of intelligent computation is becoming more common.
Furthermore, many novel evolutionary methods have been
introduced, such as the Artificial Bee Colony (ABC), which
is a novel method that can be applied to technical problems.
ABC can be easily applied to complex optimizations, such
as OCEC and IEOQ, as a potential procedure.

2 Developing approach

The OCEC problem is mathematically related to a non-
linear equation model. Various parameters that have been
modeled from existing systems can be used to compile the
OCEC in general [17-20]. Where the variables in the real
system have been defined as dominant and non-dominant
components, or even components that need to be ignored
for OCEC, using certain approaches. The OCEC and EO
issues are mentioned concerning the IEO issue. Also, as
in, a total transmission loss is approached. The OCEC
problem is mathematically related to a nonlinear equation
model. Various parameters that have been modeled from
existing systems can be used to compile the OCEC in gen-
eral [12, 21]. Where the variables in the real system have
been defined as dominant and non-dominant components,
or even components that need to be ignored for OCEC,
using certain approaches. The OCEC and EO issues are
mentioned in the IEO issue.

Besides, as in, a total transmission loss is approached.
This diagram depicts the connection's development model
in various areas. In terms of topology, this model is based
on the IEEE-30 model (see Fig. 1). To determine the optimal
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scheduled generating units, the ABC algorithm is used to
search for the IEO's total minimum costs based on random
candidate food source solutions. The IEEE-30 bus system
model will be used to run it. The IEEE-30 bus system model
is used as the basic network architecture in the system cre-
ation process, so the network link is an extension of the
current system structure referering to Fig. 2. This standard
type, on the other hand, encourages the implementation of
a development strategy and the expansion of the network
framework that has been used to accommodate all poten-
tial increases in electricity demand as well as the addition of
power generation units [7, 14, 22].

An evolutionary method is useful for intelligent compu-
tation, as previously stated. The system is also run on an
ABC algorithm based on food sources in this work. More
specifically, ABC is used to find and determine the most

Fig. 1 IEEE 30 bus system model
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Fig. 2 MRCPG development model

appropriate combination for the IEO problem while taking
into account all of the constraints. All processes in find-
ing optimal solutions are carried out based on existing pro-
cesses, in terms of the ABC hierarchy and procedures, with
its computational intelligence function. Additionally, ABC
processes are mentioned. Furthermore, IEO is approached
using a nonlinear equation as an objective function, which
is expressed as a total cost for supplying total power from
generation stations with a pollutant emission constraint as
a constraint. The burning of fossil fuels in thermal power
plants has produced a variety of pollutants. A price penalty
and a weighting factor are also included in the IEO. For the
given load, the penalty factor displays the rate coefficient
of each generating unit at its maximum output. The com-
promised factor depicts a financial and emission contribu-
tion that is shared. In general, the problem can be formu-
lated by using expressions as follows:

OECE minimize F, => " (c,+b,-P+a,-P), M
.« . ng
EO minimze E, = 2[21(71' +B.-P+a, ~Bz), @
F Pmax / Pmax
= BB o
E (leax ) / Pmax
IEO minimize =w-F, +(1-w)-h-E,, “)
2ok =P+ E, ©
nBus
Py, +V, >V, (G, -cosb, +B, -sinb, ), (©6)
q=1
nBus
O, =0, +V, 2 V,(G,, -sinb,, —B,, -cosb,, ), (7
q=1
P™ <P <P™, ®)
Qimin S Qi S Qimax, (9)
mem S Vp S meax , (10)

where P, is the output power of i™ generating unit (MW), a,,
b, c, are fuel cost coefficients of /™ generating unit, F'_is total
fuel cost ($/h), a,, B, 7, are emission coefficients of i gen-
erating unit, £, is total emission of generating units (kg/h),
h, is individual penalty factor of i" generating unit, P is
the maximum output power of ith generating unit, £, is total
emission of i generating unit (kg/h), F, is fuel cost of i"
generating unit ($/h), ® is CEED ($/h), w is compromised
factor, ng is the number of the generator, % is penalty factor of



ascending order selection of /2, P, is power load demand, P,
is transmission loss, P, and Q. are power injections of load
P Gp
flow at bus p, P, and Q, are load demands of load flow at
p Dp
busp, V and V' are voltages at bus p and ¢, P™" is minimum
P q ) i
power of i generating unit, O™ and Q™" are maximum and
minimum reactive powers of i generating unit, Vo, and
mei“ are maximum and minimum voltages at bus p.

3 Technical procedure
Furthermore, all data define the system and its operating
conditions, allowing it to be understood or simulated fol-
lowing the desired scenario. The IEO software protects
OCEC, EO, weighting factor, penalty factor, and restric-
tions. All components of the IEO are combined into a func-
tion that is limited to different conditions and parameters as
an optimization goal to determine the most cost-effective
activity associated with the ABC phases [5, 14, 22]. Fig. 1
depicts the IEEE-30 bus system, which is used to illustrate
the positions of generating units and load buses and to pres-
ent an existing developed system with technical parameters.
The ABC algorithm is presented in detail by some pseu-
do-code sequencing phases, with the sequencing computa-
tional order for solving the IEO problem shown in Fig. 3.
Asdetailed in Tables 1 to 3, the study's system parameters
are shown in this section in several matters directly related
to the problem. These studies are aimed at determining the
lowest costs through optimization using IEO's weighting
factor scenario. The primary goal of the weighting factor

Generating
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Load Flow
Analyss

v
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.
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Fig. 3 Sequencing orders of ABC's computation
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Table 1 Load data for each bus

Bus MW Mvar Bus MW Mvar
1 0.0 0.0 16 35 1.8
2 21.7 12.7 17 9.0 5.8
3 2.4 1.2 18 32 0.9
4 7.6 1.6 19 9.5 34
5 94.2 19.0 20 2.2 0.7
6 0.0 0.0 21 17.5 11.2
7 22.8 10.9 22 0.0 0.0
8 30.0 30.0 23 32 1.6
9 0.0 0.0 24 8.7 6.7
10 5.8 2.0 25 0.0 0.0
11 0.0 0.0 26 35 23
12 11.2 7.5 27 0.0 0.0
13 0.0 0.0 28 0.0 0.0

14 6.2 1.6 29 24 0.9
15 8.2 2.5 30 10.6 1.9
Table 2 Fuel cost coefficients and power limits
Fuel cost coefficients Power limits

Gen pmin pmax

a($/MWh?) b ($/MWh) c (MW) (MW)
Gl 0.00375 2.00000 0 50 200
G2 0.01750 1.75000 0 20 80
G3 0.06250 1.00000 0 15 50
G4 0.00835 3.25000 0 10 35
G5 0.02500 3.00000 0 10 30
Go6 0.02500 3.00000 0 12 40

Table 3 Emission coefficients

Emission coefficients

o (kg/MWh?)  f (kg/MWh) y
Gl 0.0126 ~1.1000 22.983
G2 0.0200 ~0.1000 25313
G3 0.0270 ~0.0100 25.505
G4 0.0291 ~0.0050 24.900
G5 0.0290 ~0.0040 24700
G6 0.0271 ~0.0055 25300

is to find the best combination of OCEC and EO problems
that will result in the lowest cost of all possible weighting
factor combinations, as shown in Table 4. These schemes
are also used to find the best composition of scheduled gen-
erating units using the ABC algorithm based on the opti-
mal solution for reducing pollutant discharges and oper-
ating costs associated with loads as shown in Table 1 by
taking into account the weighting factor.

4 Result and discussion
In these studies, MRCPG development is focused on the
cost-effectiveness of connecting all existing and integrated
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Table 4 Computational schemes

Weighting factor

Types WF1 WF2 WF3
Weco emi Wecn Wemi Weco Wem|
IEOI 1 0 1 0 0 1
[EO2 07 03 1 03 03 1
IEO3 05 05 1 05 05 1
I[EO4 03 07 1 07 07 1
IEO5 0 1 1 1 1 1

power plants using a standard power system model. The IEO
is subjected to the preceding section to cover all related finan-
cial and environmental functions [23-25]. Furthermore,
ABC is used to optimize processes while determining the
best solution. This algorithm, based on Table 3, shows three
case studies to demonstrate the IEO's performance using
weighting factors [12, 26]. WF1 is applied to the objective
function to demonstrate OCEC or EO dominance. WF2 and
WEF3 are used in simulations to describe the component's
contribution to the objective function. IEO used w =1
and w_. = 0 to express pure OCEC, IEO used w__ = 0 and
=1 and

0

w, .= 1 to express pure EO, and IEO used w_
w, .= 1toexpress full IEO. Table 3 lists all of the weighting
factors. To show contributors to the operator, three schemes
are used. WF1 shows defined portions, WF2 shows OCEC
dominance, and WF3 shows pollutant penetrations.

Tables 5 and 6 show the IEO results for 283.4 MW and
126.2 MVar of load demand, respectively. Tables 5 and 6
depict technical performance based on the best possible com-

bination of individual system contributions. Table 5 shows

that each scenario has a variety of operational implications.
Each result in Table 6 is aimed at achieving optimal condi-
tions based on the load's power consumption. Furthermore,
these results frequently show optimum conditions as a result
of the optimization method using computation. These find-
ings are thus ideal operating conditions, taking technologi-
cal and economic factors into account, where the ABC's per-
formance is not discussed, even though its speed is depicted
in Fig. 4 with fast and stable convergence during the deter-
mination of the optimal solution. To put it another way, this
research has a fast convergence characteristic for the speed
applied to the IEO problem as a single function of the prob-
lem based on OCEC and EO needed on various constraints.

Even though the outcomes of each scenario differ, opti-
mization has produced the best possible results within the
technical constraints. Furthermore, the problem, as well
as the findings, are directly related to the research findings
in several ways. As a result, these studies are aimed at
determining minimum costs through optimization using
IEO's weighting factor scenario. Economic and environ-
mental factors are combined in one optimization function
with these considerations, resulting in an optimal solution
for both, as shown in Table 5 for power production. As a
result, the findings support the system's economic operat-
ing decisions at work. It can be seen from the numerical
results in Table 5 that each generating unit is scheduled in
different output power with different financial usage for
producing power. In terms of the system's power loss, it
consumes a variety of power on the line, as shown in Fig. 5
where the emission is discharged in Fig. 6.

Table 5 Power unit commitment

Power Productions (MW)

Schemes
Gl G2 G3 G4 G5 G6 Total
IEO1 186.26 65.38 27.87 3371 2445 36.00 373.67
IEO2 152.46 7521 3827 31.33 2295 31.87 352.09
WF1 1EO3 151.55 63.48 31.80 31.87 29.63 37.13 34546
IEO4 13145 6139 4027 31.80 29.08 39.09 333.08
IEO5 133.69 59.88 34.26 34.58 30.00 33.30 32571
IEO1 19326 73.38 4087 3371 2245 24.00 387.67
[EO2 167.85 62.27 2736 30.78 28.23 29.94 34643
WF2 [EO3 149.24 71.13 4670 31.51 28.68 2870 355.96
IEO4 14372 70.87 3470 3176 28.20 3545 34470
I[EO5 147.56 66.48 36.80 34.87 26.63 36.13 34847
IEO1 129.69 67.88 44.26 33.58 30.00 3530 340.71
IEO2 138.50 60.98 40.12 3272 2973 3191 333.96
WF3 IEO3 13046 69.58 40.85 31.83 29.73 37.67 340.12
IEO4 145.09 66.03 35.89 33.88 27.83 37.56 346.28
IEO5 13756 62.48 39.80 34.87 26.63 32.13 33347




Table 6 Operating cost of the operation

Financial consumptions ($/h)

Schemes
Emission cost Fuel cost Total cost
1EO1 42424 1,115.99 1,540.23
1EO2 367.19 1,065.54 1,432.73
WF1 1EO3 348.38 1,034.59 1,272.97
1EO4 321.98 1,018.35 1,340.33
1IEOS5 310.79 972.05 1,282.84
1EO1 461.00 1,179.89 1,640.89
1EO2 363.64 1,017.12 1,380.76
WF2 1EO3 369.23 1,102.02 1,471.25
1EO4 346.80 1,040.66 1,387.46
1EO5 352.14 1,054.02 1,406.16
1IEO1 335.99 1,056.67 1,392.66
1EO2 324.98 1,009.20 1,334.18
WF3 1EO3 33543 1,048.06 1,383.49
1EO4 347.23 1,047.87 1,395.10
1IEO5 325.11 1,005.84 1,330.95
B2
730
2
& 728
Q
H
S 726
= \\
o
o
=}
=
722
720 T T T T T T

1 32 60 91 121 152 182

Iterations

Fig. 4 Convergence speed of IEO3 with w, =0.5 and w,_ =0.5

In terms of computation, the ABC application employs
0.5 of the equivalence weighting factor, arriving at a mini-
mum point of $ 723.63 per hour after 45 iterations after start-
ing at § 730.03 per hour. Running computing also shows that
after starting at $ 810.71 / hour, pure ED needs 26 iterations
to get an $ 801.72 / hour solution from IEOL. To get from $
1460.68 / hour to $ 1447.30 / hour, the complete IEO, TEOS,
requires 38 iterations. Table 5 shows the actual results based
on economic operations for financial consumption and emis-
sion compensation for each scheme. Table 4 provides con-
crete results for committed power output in terms of power
production. In comparison to other strategies, the weighting
factor of equality has a lower cost. Based on these findings, it
appears that MRCPG should operate using IEO3 from WF1.
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Fig. 5 Power loss of the various scheme for the IEO
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Fig. 6 Emission discharge accumulation

MRCPG is also designed as an IEEE-30 bus system, with
power plants distributed across multiple locations. Demand
is also designed and placed in this development, as shown in
Fig. 2. The weighting factor is used to find the best combi-
nation of OCEC and EO problems with the lowest cost of all
possible weighting factor combinations.

5 Conclusion

Table 4 provides concrete results for committed power
output in terms of power production. In comparison to
other strategies, the weighting factor of equality has
a lower cost. Based on these findings, it appears that
MRCPG should operate using IEO3 from WF1. MRCPG
is also designed as an IEEE-30 bus system, with power
plants distributed across multiple locations. Demand is
also designed and placed in this development, as shown in
Fig. 2. The weighting factor is used to find the best combi-
nation of OCEC and EO problems with the lowest cost of
all possible weighting factor combinations.
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