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Operating Assessment of Local Power Grid Development
Considered Captive Power Plant and Expanding Structure

Abstract. Based on current developments related to the application of technology and the growth of load demand, power system structure (PSS)
has grown into a large, intelligent network by integrating many new systems. At present, many classical systems are being modernized and
developed towards smart systems to various technical performances while providing continuously energy from the generating sites to serve load
centres as end energy users. On the other hand, protection and attention to the environment and renewable energy sources also affect the power
system operation which is intended to reduce emissions and include green energy sources. Furthermore, these works explore an assessment of
operations on local interconnection system topologies which are installed captive power plants. These studies are used to develop and evaluate the
performance, where solar power plants are also installed as sources of energy suppliers. In this study, operating assessments are approached using
a power flow study (PFS) to define structural performance expanded through several scenarios. In addition, the procedure for obtaining optimal
conditions is also facilitated by using the Takagi Method (TM) and Thunderstorm Algorithm (TA) for PFS hybrid structures considered an integrated
renewable energy source (IRES). Based on the technical scenario set, the results show that the applied scenarios have different performances. In
addition, this study also provides various implications. IRES has affected system performance. PSS contributes to the part that is committed to
covering the burden. TM and TA can be applied to the hybrid PFS structure.

Streszczenie. W artykule przedstawiono metode PFS (power flow study) do optymalizacji struktury lokalnej sieci zasilajgcej z zainstalowanymi
zrédtami fotowoltaicznymi. Zastosowano tez metode Takagi i algorytm burzowy do optymalizacji sieci z réznymi scenariuszami. . Analiza pracy

lokalnej sieci z uwzglednieniem wiasnych zrédef energii i mozliwo$ci rozbudowy
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Introduction

In principle, the power system (PS) is related to the
process of converting primary energy sources and
consumers as users of converted energy. So far, the energy
conversion process has been carried out with applied
technology which is now able to convert natural resources
into a type of energy that can be used through a series of
certain processes in the generating unit. On the other hand,
power systems are prepared with various levels of
electricity network services to form interconnection
networks that connect generating units and load centers. In
general, an integrated network power system (INPS) is
widely used to integrate all sections [1], [2]. At present,
INPS is a large network and consists of complex integrated
companies and operators to control operations [3]-[6]. In
general, this system is used to maintain the availability and
adequacy of sustainable energy as long as customers use
utilities [7]-[11]. In addition, this network is also used to
combine all generating units located close to various
primary energy sources. In addition, this network is also
connected to the load center at different distances for power
delivery.

Nowadays, the INPS is displayed by integrating a local
power grid (LPG) to increase the guarantee of
performances [12]-[15]. On the other hand, LPG continues
to look for applied technologies as well as acceptable for
the operation. Technically, LPG is operated in the
classification structure which is used to supply power
demands in accordance with the connections at backbone
systems [2]. In particular, customers are growing faster with
increasing power demand, thus, it is requiring a different
generation system area with the addition of a power plant.
To cover this condition, the power balance must be
acceptable for energy producers and users with a
reasonable low cost [16]-[19]. Increased PS operation that
is guaranteed based on LPG performance is an important
aspect of the level of system deviation, so as not to
experience blackouts. One of the most sensitive problems
of this condition is identified using shift factors and

uninterrupted conditions. The most critical aspect of this
other situation is related to the severity of the PS presented
in generator outages, loading of transmission lines, and the
magnitude of bus voltage drop.

Moreover, the operation is carried out sustainably and
continuously to maintain quality and performance under the
technical constraints and environmental conditions by
maintaining the quality of daily operations. In addition,
operations need to give double attention to dealing with
complex operational problems and to include high
requirements [20], [21]. INPS is also monitored and
controlled in steady and transient conditions, as well as to
define the power system performance (PSP) [11], [22], [23].
In addition, the contingency problem is also recognized by
the power flow study (PFS) to immediately overcome the
impact of faulted lines, including connected or disconnected
connections, integrated and host load generators, and load
changes. In detail, the system should be indetified in
technical indicators and it needs to maintain regularly on
normal and fault conditions.

Presently, many approaches have been proposed and
have been implemented to measure technical
performances, including INPS and LPG. In line with the
development of infrastructure and services, demand for
expenses is growing in line with the availability of the
produced power and the capacity of the INPS network,
although load growth is faster than the provision of power
plants. Therefore, the provision of power will face the
possibility of exploring primary energy sources as an
alternative energy source. Regarding the protection of the
environment and non-fossil energy sources, renewable
energy is an energy source that is an opportunity to be
developed and this implementation depends on the
technological readiness currently applied [19], [21], [24]-
[27]. In this case, an integrated renewable energy source
(IRES) is involved in the power system which is performed
in an assessment of the operation of INPS, as part of the
system development.
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Operating Performances

In general, the assessment is used to identify system
conditions throughout technical performances evaluation
using operational indicator for determining the operating
status under all requirements, as in previous research
studies [28], [29]. Many PFS techniques have been
proposed and applied to evaluate INPS and LPG. The most
popular approach which widely applied is a Newton
Raphson Method (NRM) and it has applied to various
technical problems for power system calculations [30], [31].
Recently, PFS become an important review for presenting
the performance of the electricity network. The basic
equation for PFS is built in its entirety and comes from the
nodal analysis equation for PSP. In detail, each bus in PS is
classified into three types of load buses, bus generators,
and swing buses [26], [30], [32].

In detail, the load bus referred to in the P-Q bus is
defined as a bus where real and reactive power is
determined and determined, while the bus voltage will be
calculated and is the result of system conditions. In
addition, many methods have been proposed and applied to
find the optimal PFS solution as a description of the system
performance is evaluated. In this study, PFS will be
combined with the Thunderstorm Algorithm (TA) and the
Takagi Method (TM). The structure and intelligent TA
agents are discussed fully in previous works while TM
effectiveness for PFS is also reported clearly in [25], [33],
[34].

The JBPG 500 kV & 150 kV

v

The Region 4 of the JBPG 150 kV

Other Cities <
The MRCPG 150 kV
The SUMPG 20 kV
Other Load Areas < <

A

Local Loads of the SUMPG |«
A

Monitoring & Measuring

Fig.1. The SUMPG backbone connection

Recently, the use of fossil fuels is faced with
environmental requirements and also meets the
requirements of safety, reliability, and quality. In addition,
commercially available energy storage systems are
currently not technically or economically feasible for mass
energy storage that includes the IRES [24], [26], [32], [35].
From this economic perspective, renewable energy sources
become competitive icons in terms of costs compared to
fossil-based energy sources [18], [25], [32], [34], [36]. This
inclusion is an opportunity for PSP as part of a combination
of energy supply. Based on the IRES, PFS is approached
by using power injection into the system where the captive
power plant (CPP) is also injected into the system.

Moreover, this PFS is used to determine steady-state
performance in certain power plants from CPP-based on
developed solar power plants. Therefore, PFS is designed
to determine technical performance, for example, voltage,

current, power loss, real power, and reactive power
included in the system under the limits and requirements for
the given load conditions [11], [26], [31], [37]. This
assessment is very important in LPG role plays [31], [38].
Many PFS techniques are introduced to implement and
assess power system performances.

In these studies, NRM is facilitated by using TM and TA to
complete LPG assessments. To cover LPG interactions, the
power system infrastructure development (PSID) is a very
important part of exploring [1], [39]. In fact, the power
system performance has presented the system in many
voltage levels which are gained in indicators as well as
parameters for operating status. PSID is imposed to expand
the classical system from the State University of Malang
Power Grid (SUMPG). In detail, SUMPG is illustrated in
Figure 1. Operationally, this system is connected to the
main Java Bali Power Grid (JBPG) network connected in
the Malang Raya City Power Grid (MRCPG) which is
established using 150 kV. In this electricity network,
MRCPG supplies to Malang Regency, Malang City, and
Batu City for the main areas. All cities are linked in a 150 kV
system as interconnecting backbones through several other
network systems of 70 kV, 20 kV and 220 V. Regarding
JBPG, MRCPG is operated in two ways namely to export
and import energy which is the main source of point
connections. Refer to the interconnection of JBPG and
MRCPG, SUMPG is supplied using 20 kV for existing local
networks distributed to several main load centers. Now,
SUMPG is growing and is facing increasing loads as end-
energy users and is indicating that it needs infrastructure
improvements and new opportunities in the main power
supply system. This system also requires a backbone level
of improvement to maintain performances. In these works,
SUMPG is designed for the 70 kV expansion system.

Power Grid Development

As mentioned before that the PS is constructed simply
in a line networking for energy productions and energy
users, which is now becomes a large network and it is
presented in INPS to cover the LPG area. Recently, The
PSID meets a demand growth during the operating time.
Moreover, an additional generating capacity, power line
strengthening, and system expansion are major issues
which are should be covered for the existing condition in
high reliabilities. In this study, SUMPG is expanded in
several additional load blocks as given in Figure 3 and
designed in Figure 2.

SPP

Ring 2 sub-system

A

A

Ring 1 sub-system < SPP

4

Grid

Fig.2. Local power grid development concept of the SUMPG

According to Figure 2 and Figure 3, the SUMPG
topology is developed based on two sub-systems which
were approached using a 16 bus system, where three
energy suppliers are applied as available resources. In
detail, this system is also arranged using 17 lines; 9 load
buses, and 2 solar energy centers. This topology is
modified from an old structure designed based on an
existing system, which is presented as a square type on the
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bottom side of Figure 3. Specifically, SUMPG is LPG from
MRCPG which is connected to JBPG at 150 kV. In detail,
the load block is concentrated on the selected 20 kV bus to
integrate local load connections. This load is given in Table
1 for Ring 1 and Ring 2. In total, LPG has 15.55 MVA
which is covered in 14,949 kW and 7,100 kVar.

JE
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Blok1

B4
Blok 3

PV2

Grid 2

Bl6 “ BI3
Blok 9
Fig.3. Ring connecting development of the SUMPG

Table 1. Partial loads of the sub-systems

Bus | kVA | kW [ kvar
Ring 1 sub-system
B7 1,478 | 838.00 49.06
B8 1,653 | 937.00 54.84
B9 | 2,176 | 823.00 67.15
B11 | 1,044 | 592.00 34.64
B13 | 1,043 | 592.00 34.63
B16 | 2,044 | 759.00 62.93
Total | 9,438 | 9,438.00 | 4,541.00
Ring 2 sub-system
B1 1,500 | 1,301.00 | 738.00
B3 | 2,912 | 2,733.00 | 984.00
B4 1,700 | 1,477.00 | 837.00
Total | 6,112 | 5,511.00 | 2,559.00

In particular, LPG is rearranged using a double area for
Ring 1 and Ring 2, while CPP is installed in certain buses
which have been determined based on the ratio of reality.
Refer to the 20 kV backbone system, Ring 1 is developed to
modify the radial system into a mesh form of the system.
This type is redesigned from the original topology which
includes all incoming electricity networks. Ring 1 integrates
all load buses in partial locations. Future developments and
potential sources are required to be plotted in Ring 2. Ring
2 is developed from Ring 1 by completing the IRES at the
specified location for the CPP. In these locations, the CPP
is presented as a solar power plant (SPP) installed on Bus
6 and Bus 9.In general, PSID is built using several electrical
connection lines which are used to place two buses. This
connection is also used to search for distributed power
plants that are installed tightly in the load center [19], [40],
[41]. In addition, the inclusion of CPP presented in SPP
ensures a decrease in dependence on fossil fuels. SPP
integration should contribute to the commitment of the
electricity production unit. This SPP contribution also
increases energy reserves and system capabilities [42],
[43].

Assessing Procedures

As illustrated in Figure 2 and Figure 3, the LPG structure
is divided into two areas, namely Ring 1 and Ring 2. SPP is
installed in selected potential buses, where it is related to
the IRES area which is designed based on the potential
primary energy. In this work, the system is assessed in
several case studies related to technical requirements and
environmental constraints. In detail, this assessment is

included in several operating scenarios, namely normal
operation (NO), Ring 1 operation (R10), Ring 2 operation
(R20). In normal operation, the system presents both rings
without IRES. Ring 1 operations are focused on the circle
shape of the topology structure with an open loop for Ring
2. Ring 2 operations are carried out by releasing Ring 1 so
that it forms a radial type with an open circle shape as being
the topology structure. By considering the disruption to the
electricity network, the assessment is designed to state
certain disturbances that have an impact on the breakdown
of the electricity grid line. Furthermore, the termination of
power production is displayed by means of operation off as
it is now, that is the power grid 1 off (G1off), the power grid
2 off (G2off), and the power grid 3 off (G3off).
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O

Fig. 4. Procedures of the power grid evaluation
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In particular, the assessment procedure for evaluating
the system is shown in Figure 4. This figure illustrates all
the steps to find out the optimal performance based on NO,
R10, R20, G1off, G2off, and G3off. In addition, TM is
applied to the PSP by applying PFS, as detailed in [33],
[44]. In this study, the implementation of TM is referred to
the previous work [45], [46]. Technically, PFS is limited by
several requirements. Power delivery is also constrained
using technical limits for the export-import (Exim) system.
In these works, TA refers to procedures and hierarchies as
detailed in [25], [32]. In addition, the performance of TA and
TM is not explored in these works but it is concerned in the
PSP through LPG link to SUMPGS for these studies.
Computationally, TA and TM performance is only used in
the entire process.

Results and Discussions

In this section, this work is intended to assess PSP
based on the development of topological structures and to
advance the electricity system in the development of
SUMPG. This system is developed in a 20 kV system as
well as the operating system of its formation. This
evaluation is inline with previous works [31], [38], [47], [48].
In this work, LPG is expanded in the 16 bus system model,
which includes local buses designed for load blocks in Ring
1 and Ring 2. Regarding the operational scheme, PFS is
analyzed using NRM, where NRM is prepared using TM
and TA. From the process, the optimal results of the
process are presented in normal operation, Conditions of
G1off, G2off, and G3off.

In addition, Table 2, Table 3, Table 4, and Table 5 show
results of the evaluation subjected the LPG. These results
are given for measuring performances in several
parameters that coreponded to the power grid expantion.
Onather results are illustrated in Figure 5 related to
demands which are presented based on the scenario.
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Table 2. System performances of the ring assessment scenario

Bus Voltage (%) Current loading (A)
NO R10 | R20 NO R10 R20
B1 | 99.03 | 0.00 | 98.94 | 428.80 | 0.00 428.40
B2 | 99.34 | 0.00 | 99.26 | 428.80 | 0.00 428.40
B3 | 99.49 | 0.00 | 99.41 | 292.30 | 0.00 305.50
B4 | 99.5 | 0.00 | 99.41 | 708.40 | 0.00 694.40
B5 | 99.44 | 0.00 | 99.35 | 220.10 | 0.00 206.50
B6 | 99.65 | 0.00 | 99.58 | 292.30 | 0.00 305.50
B7 | 99.9 | 99.97 | 99.79 | 42.62 | 42.65 42.58
B8 | 99.92 | 99.99 | 99.81 | 798.70 | 90.37 | 784.60
B9 100 100 100 | 601.70 | 102.40 | 1153.00
B10 | 99.91 100 | 99.85 | 292.30 | 0.00 305.50
B11 100 100 100 | 502.50 | 104.60 | 53.87
B12 | 99.95 | 100 100 | 103.50 | 0.00 0.00
B13 | 99.98 | 99.98 | 99.98 | 30.10 | 30.10 30.10
B14 | 99.99 | 99.99 | 99.99 | 30.10 | 30.10 30.10
B15 | 100 100 100 6.37 6.37 6.37
B16 | 100 100 100 | 168.90 | 65.38 65.38

Table 3. Power flow performances of the ring assessment scenario
Exim MW flow Mvar flow
From | To NO | R10 | R20 NO | R10 | R20
B7 B8 128 [ 129 | 128 | 0.73 | 0.73 | 0.73
B4 B8 | 21.30 | 0.00 | 20.86 | 12.14 | 0.00 | 11.89
B6 B10 | 879 | 0.00 | 9.18 | 5.01 | 0.00 | 5.24
B10 | B12 | 3.11 | 0.00 | 0.00 1.78 | 0.00 | 0.00
B12 | B16 | 3.11 | 0.00 | 0.00 1.78 | 0.00 | 0.00
B1 B2 | 12.83 | 0.00 | 12.81 | 7.29 | 0.00 | 7.28
B2 B3 | 6.25 | 0.00 | 6.64 | 3.56 | 0.00 | 3.78
B9 B10 | 568 | 0.00 | 919 | 3.24 | 0.00 | 5.25
B8 B9 | 1054 | 1.19 | 23.61 | 6.01 | 0.68 | 13.47
B15 | B16 | 019 | 019 | 0.19 | 0.11 | 0.11 | 0.11
B14 | B15| 019 | 019 | 019 | 011 | 011 | 0.1
B13 | B14 | 091 | 091 | 091 0.51 | 0.51 | 0.51
B3 B6 | 877 | 0.00 | 9.16 | 499 | 0.00 | 5.21
B8 B11 | 13.50 | 1.53 | 0.00 | 7.70 | 0.87 | 0.00
B11 | B14 | 072 | 072 | 0.72 | 041 | 041 | 0.41
B4 B5 | 6.59 | 0.00 | 6.18 | 3.76 | 0.00 | 3.52
B2 B5 | 659 | 0.00 | 6.18 | 3.75 | 0.00 | 3.52
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Focused on the power production, Figure 6 gives
information for partial contributions in the operation while
the power loss is depicted in Figure 7. In addition, the
system also has different performance, as well as every
assessment applied to the system model reflecting to
normal R10, R20, and other schemes. In general, the Exim
is presented in Table 3 and Table 6 for the power delivery
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between each pair of buses. This table also shows a
charging map for each load block. Furthermore, power
delivery, voltage drop, loss are given in Figure 8, Figure 9,
and Figure 10.

Table 4. System performances of the grid assessment scenario

Bus Voltage (%) Current loading (A)
G1off G2off G3off G1off G2off G3off
B1 98.97 99.01 98.93 | 428.60 | 428.70 | 428.40
B2 99.29 99.33 99.24 | 428.60 | 428.70 | 428.40
B3 99.45 99.47 99.38 | 314.90 | 282.10 | 281.50
B4 99.43 99.49 99.41 | 685.20 | 718.50 | 718.20
B5 99.37 99.43 99.34 | 197.20 | 230.20 | 230.40
B6 99.62 99.62 99.54 | 314.90 | 282.10 | 281.50
B7 99.81 99.90 99.81 42.59 42.62 42.59
B8 99.83 99.91 99.83 | 775.40 | 808.80 | 913.30
B9 | 100.00 | 100.00 | 99.80 | 974.30 | 679.00 | 104.80
B10 | 99.90 99.87 99.78 | 314.90 | 282.10 | 281.50
B11 | 99.84 | 100.00 | 100.00 | 97.38 | 594.00 | 967.10
B12 | 99.94 99.88 99.87 | 111.50 | 20.52 | 239.40
B13 | 99.86 99.96 99.98 30.07 30.10 30.10
B14 | 99.87 99.97 99.99 | 127.40 | 109.60 | 30.10
B15 | 99.92 99.94 | 100.00 | 127.40 | 79.46 6.37
B16 | 100.00 | 99.89 | 100.00 | 298.00 | 79.46 | 304.80
Table 5. Power flow performances of the grid assessment scenario
Exim MW flow Mvar flow
From | To | Gloff | G2off | G3off | G1off | G20off | G3off
B7 B8 1.28 1.28 1.28 0.73 0.73 0.73
B4 B8 | 20.59 | 21.60 | 21.58 | 11.73 | 12.32 | 12.30
B6 B10 | 9.47 8.48 8.45 5.40 4.84 4.82
B10 | B12 | 3.35 0.62 7.19 1.92 0.35 4.10
B12 | B16 | 3.36 0.62 7.20 1.92 0.36 4.1
B1 B2 | 12.81 | 12.82 | 12.80 | 7.29 7.29 7.28
B2 B3 6.93 5.95 5.93 3.94 3.38 3.37
B9 B10 | 6.12 7.87 1.26 3.50 4.49 0.73
B8 B9 | 21.31 ] 1067 | 3.15 | 1215 | 6.08 1.79
B15 | B16 | 3.84 2.39 0.19 2.19 1.36 0.11
B14 | B15 | 3.83 2.39 0.19 2.18 1.36 0.11
B13 | B14 | 0.91 0.91 0.91 0.51 0.51 0.51
B3 B6 9.45 8.46 8.44 5.38 4.82 4.80
B8 B11 | 2.02 | 13.67 | 2748 | 1.16 7.80 | 15.68
B11 | B14 | 2.93 3.30 0.72 1.67 1.88 0.41
B4 B5 5.90 6.89 6.89 3.37 3.93 3.93
B2 B5 5.90 6.89 6.89 3.36 3.93 3.92

Refer to Figure 8, Figure 9, and Figure 10, it can be
seen that each power delivery has different characteristics
and profiles. According to Exim tracking, the highest power
transaction is partially generated by the G3off operation, as
illustrated in Figure 8. This characteristic is also supported
by Table 5 where power delivery includes 27.48 MW and
15.68 Mvar for tracking Exim 14 or the line B8 to B11.
Typically, LPG provides the power around 38.48 MW and
22.05 Mvar to meet load demand at 38.32 MW and 21.84
Mvar. Other contributions are given in Table 2, Table 3, and
Table 4 for all scenarios, respectively. Regarding the
system performance, the voltage drop is explained in Figure
2 and Table 4. In particular, the highest decrease occurred
the line B2 to B8 for all types of valuations. This condition is
in line with power loss as illustrated in Figure 10, which
occurs in Exim 2 which is the highest power loss.

Conclusions

This paper presents the development of a local
electricity network based on operational assessment of
system performances, where the local system is expanded
using the 16 bus model approach and integrating potential
energy resources. On the other hand, the study also refers
to loading systems designed through load center blocks.
Furthermore, these works show that solar power plants
affect to the power production and have an effect on system

performances. Each scheme has different implications on
results. TM and TA have the opportunity to be applied to the
evaluation of power flow. For future work, uncovering the
computational structure and power transactions is
recommended
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