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Abstract—This study analyses the implementation of Overload Shedding (OLS) and Adaptive Defense Scheme (ADS) in the
150 kV Priok subsystem to enhance Jakarta’s electricity supply reliability under N-1/N-2 contingency scenarios. Using
DigSILENT PowerFactory, the research evaluates system stability by modelling dynamic load responses, power flows, and
contingency simulations. The objective is to optimize OLS-ADS parameters to mitigate cascading failures and ensure
equipment safety during critical faults. The methodology involves detailed modelling of the Priok subsystem, including
generators, transformers, and protective relays, validated via power flow analysis using the Newton-Raphson method. N-
1/N-2 contingencies—such as tripping of IBT2/Bekasi, IBT1/Cawang, and dual IBT failures—are simulated to assess OLS-
ADS performance. Dynamic load shedding logic adapts to real-time system conditions, prioritizing critical loads and
generators. Results show that OLS-ADS successfully prevents equipment overloading in N-1 scenarios (e.g., IBT2/Bekasi
tripping) by shedding 6-20% of the load, maintaining voltages (0.9-1.0 pu) and frequencies (49.9-50 Hz) within safe limits.
Rotor angles in Priok’s PLTGU units remain below IEEE’s £90° threshold. However, N-2 contingencies (e.g., simultaneous
loss of IBT2/4/Bekasi) require shedding 50% of the load to avert cascading failures, highlighting systemic vulnerabilities.
The study concludes that OLS-ADS significantly improves N-1 resilience but underscores the need for enhanced redundancy
(e.g., integrating Muara Tawar’s 500/150 kV IBTs) to mitigate N-2 risks. Findings provide actionable guidelines for
optimizing ADS logic and expanding grid infrastructure to ensure reliable power supply in DKI Jakarta.
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I. INTRODUCTION
The reliability and security of 500 kV and 150 kV

ADS response under various operational scenarios,
including N-1/N-2 contingencies [5]. This tool enables

system operations in Java-Bali are crucial because they
directly impact the stability and economic value of the
power system. Major disturbances that cause
widespread blackouts can result in significant financial
losses due to lost revenue from electricity sales.
Therefore, a reliable and secure operating system is a
top priority, even if it requires higher costs to meet
operational constraints, such as operating less
economic power plants.

To achieve a secure operating system, PLN UIP2B
identifies the types and locations of disturbances that
could potentially cause widespread blackouts. This
identification involves in-depth system studies,
including analysis of oscillation phenomena and
dynamic simulations. One effort to improve system
reliability is the implementation of an Adaptive
Defense Scheme (ADS), which is more flexible than
conventional schemes because it can dynamically
adjust protection settings [4].

However, to ensure the effectiveness of ADS,
accurate and comprehensive testing is required.
DigSILENT, as a dynamic power system simulation
tool, provides an effective solution for analyzing the

in-depth evaluation of ADS performance, including the
system's ability to perform Overload Shedding (OLS)
to prevent cascading failures.

This research focuses on analyzing the OLS-ADS
scheme in the Priok 150 kV subsystem to improve
power transfer reliability in DKI Jakarta. Using
DigSILENT, dynamic simulations will be conducted to
evaluate the system's response to various disturbances
and to optimize the OLS and ADS parameters. The
results of this research are expected to provide accurate
and effective implementation recommendations, which
can serve as a reference for improving the reliability of
the Java-Bali power system. Based on the description
of the problem above, the author is interested in
developing this research more deeply, in accordance
with the research objectives that have been set.

I1. RESEARCH METHODS

The research process consists of five distinct stages:
150 kV Priok Subsystem Topology, Data Preparation,
Experimentation, Modeling, and Model Evaluation.
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2.1 150 KV Priok Subsystem Topology

In this research, the journal focuses its analysis on
the Priok Subsystem, a vital component of the Java-Bali
electricity system serving DKI Jakarta. This subsystem
receives supply from four Interbus Transformers
(IBT#2 and IBT#4 Bekasi, IBT#1 Priok and IBT#1
Cawang) and the Priok power plant. Figure 1. illustrates
the 150 kV Priok Subsystem Topology [6].
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Figure 1. 150 kV Priok Subsystem Topology

2.2 Data Preparation
2.2.1 Load dan Generation Data for Peak, Average,
and Low Load Periods

The data utilized in Table 1. and Tabel 2. of this study

Table 2. Generator Loading Data

[ Peak Load Average Load Low Load
bl sy | 30 October 2024 14:00 30 October 2024 2030 27 October 2024 07.30
R 3 Q P Q P Q
) (MVAR) ~MW) (MVAR) W) (MVAR)
GTI1:110MW [GT11:21 MVAR [GTI1:0MW  [GTI11:0MVAR (GT11:0MW  [GT11:0MVAR
iy . GT12:0MW  [GTI2:0MVAR [GTI2:0MW [GTI2:0MVAR [GT12:0MW  [GTI2:0 MVAR
|GT13: 111 MW |GT13:22 MVAR [GTI3:117MW |GT13:-1 MVAR |GT13:84 MW |GTI3:-16 MVAR
[ST10:110MW [ST10:34 MVAR [ST10:50 MW  [ST10:8 MVAR |STI0:40 MW  |ST10:-27 MVAR
|GT21:0 MW GT21:0 MVAR |GT21:0 MW GT21:0 MVAR |GT21:0 MW G : 0 MVAR
3 b [6T22:0MW  |GT22:0MVAR |GT22:0MW  [GT22:0MVAR (GT22:0MW  (GT22:0MVAR
GT23 : 0 MW GT23:0MVAR |GT23:0 MW GT23:0MVAR |GT23:0 MW GT23:0 MVAR
IST20:0MW __ [ST20:0MVAR [ST20:0MW _ |ST20:0MVAR |ST20:0MW ___|ST20:0 MVAR
[GT31:0MW  [GT31:0MVAR [GT31:0MW |GT31:0MVAR |GT31:0 MW
3 [Blok3 MW |GT32:69 MVAR [GT32:177 MW |GT32:22 MVAR |GT32: 127 MW
/_|ST30:83 MVAR [ST30:95 MW _|ST30: 33 MVAR |ST30: 72 MW
V |GT41:32 MVAR |GT41 9 MW |GT41: 10 MVAR |GT41: 178 MW
4 [Blok 4 2 / |GT42:31 MVAR (GT42:242MW |GT42:S MVAR |GT42:170 MW |GT42:-16 MVAR
{ST40: 257 MW _ [ST40: 20 MVAR |ST40:260 MW _ |ST40:-1 MVAR |ST40:214 MW |ST40: -22 MVAR

2.2.2 Percentage Composition of Load Types in the
150 kV Priok Subsystem.

Dynamic load response modeling was also

conducted by considering the percentage composition
of load types [7], as detailed in Table 3, served by each
substation transformer.
The load types considered were residential,
public/commercial, and industrial loads. Each load type
was modeled using mathematical equations relating
load to changes in voltage and frequency. These
equations include components representing constant
power (P-constant), constant current (I-constant), and
constant impedance (Z-constant) loads.

Tabel 3. Percentage Composition of Load Type

. . No Substation Name Residential | Public/Commercial | Industrial
includes transformer and generator loading data 1 |micoLmaons 0 0,62 0,18
occurring during weekday peak load at 14:00, average 2 |ANCOLTRARO 22 0 0,38 0,62
. i . 3 ANCOL TRAFO 43 0 0,31 0,69
load at 20:30, and low load on Sunday at 07:30, which PR v —— o1 057 023
were subsequently modeled to analyze dynamic load 5 |cameen o rearo r2 0,16 0,78 0,06
BEKASI TRAFO #1
response 6 0,61 0,34 0,05
7 BEKASI TRAFO #2 0,08 0,73 0,19
8 BEKASI TRAFO #3 0,53 0,43 0,04
Table 1. Transformer Loading Data 9 |sedasimmaro s 0,37 0.58 0.07
10 [pexasiTRaross 0,49 0,47 0,04
Peak Load Average Load Low Load
N 30 October 2024 14:00| 30 October 2024 20:30 [27 October 2024 07.30 90 SETIA BUDI TRAFO #2 0 0,57 0,43
0. Trafo Beban
P Q P Q P Q 91 SETIA BUDI TRAFO #3 0 0,61 0,39
MW) | (MVAR) | (W) | MVAR) | (Mw) | (MVAR)
1 |ANCOL TRAFO #1 51,097462 | 10,526203 | 46,589046 | 7,198224 | 22,26709 | 0.974021 92  |sawrlUnGIROT 0.04 0,93 0,03
2 [ANCOL TRAFO £2 11,538257 | 1,007096 | 9,894068 | -0,353817 |0 -1,273042 93 RAWA KUNING TRAFO #2 0,08 0,85 0,07
3 |ANCOL TRAFO #3 39,02792 |9,102086 | 35,752388 | 6,658525 | 16,751297 | 1,968544 04 |RAWA TERATE TRAFO 81 0 0.82 0.18
4 |CEMPAKA PUTIH TRAFO £1 | 21,751855 | 8,133563 | 23,738484 | 6,959728 | -0,001744 | -0,00007 05 |RAWA TERATE TRAFO #2 0 0,38 0,62
5 |CEMPAKA PUTIH TRAFO #2 |13,089804 |5,149624 |12,895622 | 4,340412 [ 0,023601 | 0,009344 95 |RAWAMANGUN TRAFO #1 0,21 0,77 0,02
6 |BEKASI TRAFO 1 41,761841 | 10,253091 | 46,915852 | 9,904651 | 35,152687 | 8,741375 7 o 0.06 0.68 0.27
7 |BEKASI TRAFO #2 13,54247 |3,512286 | 12,444222 | 2,921586 | 6,408939 | 1,079945 R A
8 |BEKASI TRAFO £3 31,577868 | 6,007851 | 32,484547 | 3,087163 | 28,363911 | 5,686863 98 |kocTRaKstHAUM 0 0,38 0,62
9 |BEKASI TRAFO #4 43,330368 | 10,77561 | 44,423672 | 8,056638 | 27,197035 | 5,446077
10 |BEKASI TRAFO #5 37,162231 | 8,374211 | 41,222496 | 7,522014 | 31,020113 | 5,940975 99  |meDoaeNRAOR 0,38 0,56 0,06
100 |PADEMANGAN TRAFO #2 0,79 0,21 0,01

90 |SETIA BUDI TRAFO #2
91 |[SETIA BUDI TRAFO #3

50,761566 | 10,244159 | 31,891169 | 3,95863
23,721788 | 5,770092 | 13,602615 | 1,593671

25,237488 | 2,720922
10,149174 | 0,583561

92 [RAWA KUNING TRAFO #1  |2,599526 |0,60877 |2.970387 |0,610908 |2,274599 | 0.47686
93 [RAWA KUNING TRAFO #2  |4,22092 |0,644257 |5,031734 |0,825074 |3,939846 | 0,801353
94 [RAWA TERATE TRAFO #1 0 0 0 0 0 0
95 [RAWA TERATE TRAFO#2  |0,026979 |0,000353 | 0,024206 |0,000517 |0,024312 |-0,000148
96 [RAWAMANGUN TRAFO #1  |2,339223 |0,74923 |2,237975 |0,749271 |0,760049 |-0,031593
97 [RAWAMANGUN TRAFO£2  |2,652036 |0,683421 |3,38992 |0,841333 |5,339095 | 1,371311
o g:ml ?(1;1\(13 STURAI\I M LSI‘REHIESE 0299219 |-8,611045 |0,466628 | 10,012774| 0| e
99 [PADEMANGAN TRAFO #1  |0,020107 |0,002577 |0,021728 |0,00311 |0,015683 |0,002726
100 [PADEMANGAN TRAFO £2 0 0 0 0 0 0

After obtaining the percentage data of load types, the
subsequent phase was the calculation of the dynamic
load response modeling. The mathematical equations
within this modeling employed formula (1) for
calculating P4t and formula (2) for calculating Qact.

act

Vact Vace \'
Pact=Po*[aP*(aCt> +bP*( ) +cp
Vnom Vnom

. (Vact)o] x (14 Kyp * Af) .. (1)
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Vaer \ Vaee \!
Qact = QO * [aQ * (VaC ) + bQ * (Vac ) + CQ
nom nom

" (]%;)0] » (1+ Kgp + Af) .. (2)

The parameter values a, b, d, and K were calculated
using the percentage data of load types per substation,
as presented in Table 3. Each percentage of these load
types was multiplied by the load model parameters
obtained from reference papers [7], as shown in Table
4,

Tabel 4. Dynamic Parameters of Load Type Models

Plv) Qlv)
P 1 z P I z Kpf Kaf
Residensial 0 0.8 0.2 0.8 0.4 12 0.8 2.2
Publik/Komersial | 0.4 0.2 0.4 -1 0.6 14 1.2 -16
Industri 0.8 0.2 0 3.7 2 2.7 2.6 16

The calculated load parameter values for
substation are presented in Table 5.

Tabel 5. Calculated Load Parameters

P(v) Qfv)
aP(P) bP(l) cP(Z) aQ(P) bQ() cQ(z)
|ANCOL TRAFO #1 0.32 0.20 0.48 1.65 0.87 -1.51 1.47 -0.99
|ANCOL TRAFO #2 0.15 0.20 0.65 2.22 143 a7l 2.09 0.43
|ANCOL TRAFO #3 0.12 0.20 0.68 2.30 1.57 -2.88 2.17 0.62
[CEMPAKA PUTIH TRAFO #1 0.29 0.26 0.45 1.68 0.90 -1.58 1.48 -0.92
(CEMPAKA PUTIH TRAFO #2 0.35 0.29 0.36 1.45 0.65 -1.10 1.22 -1.50
[BEKASI TRAFO #1 0.21 0.73 0.05 1.25 0.45 -0.70 0.87 -2.07
[BEKASI TRAFO #2 0.26 0.55 0.19 1.35 0.56 -0.91 1.04 -1.78
BEKASI TRAFO #3 0.28 0.50 0.21 1.35 0.55 -0.90 1.05 -1.79
[BEKASI TRAFO #4. 0.30 0.41 0.29 1.42 0.63 -1.04 1.15 -1.59
BEKASI TRAFO #5. 0.29 0.48 0.23 1.36 0.57 -0.93 1.07 -1.75

z
o

Load Transf

©lo|w|o|o|s|w|r |-

.
5]

90  |SETIA BUDI TRAFO #2 0.22 0.20 0.58 1.98 1.22 -2.20 1.82 -0.18
91 |SETIA BUDI TRAFO #3 0.24 0.20 0.56 1.93 1.17 -2.10 1.77 -0.30
92 RAWA KUNING TRAFO #1 0.38 0.22 0.40 1.43 0.64 -1.07 1.23 -1.52

93 RAWA KUNING TRAFO #2 0.36 0.25 0.40 1.47 0.68 -1.15 1.26 -1.44
94 RAWA TERATE TRAFO #1 0.32 0.20 0.48 1.65 0.87 -1.51 147 -0.99
95 RAWA TERATE TRAFQ #2 0.15 0.20 0.65 222 1.49 227l 2.09 0.43
96 RAWAMANGUN TRAFO #1 0.35 0.32 0.33 1.38 0.59 -0.97 115 -1.66

97 |RAWAMANGUN TRAFO #2 0.28 0.23 0.49 173 0.96 -1.69 1.55 -0.78
@i TNE
98 KCICTRAKSI HALIM 0.15 0.20 0.65 2.22 1.49 271 2.09 0.43

99  |pADEMANGAN TRAFO #1 0.30 0.41 0.28 141 0.61 -1.02 1.14 -1.62
100 PADEMANGAN TRAFO 2 0.24 0.66 0.10 1.26 0.46 -0.72 0.91 -2.03

2.2 Experiment

The objective of this research is to identify credible
N-1/N-2 contingencies and vulnerabilities within
Bekasi 24, Cawang 1, and Priok Subsystems, which
serve as the primary electricity supply, impacting
system and subsystem security in the DKI Jakarta
capital region. In these experiments, contingency
simulations will be performed using Power Factory
DigSILENT software [8]. Ultimately, this research
aims to recommend Adaptive Defense Scheme
protection designs capable of mitigating widespread
disturbances in the Java-Bali system with layered
security measures.

2.3 Modelling

To analyze the implementation of the adaptive
defense scheme and its impact on operational
reliability, the 150 kV Priok Subsystem was modeled in

detail using DigSILENT PowerFactory software.
DigSILENT PowerFactory was chosen for its
comprehensive capabilities in  modeling power
systems, including power flow analysis, fault studies,
transient stability analysis, and real-time simulation [9].
Furthermore, DigSILENT PowerFactory is widely used
in the power industry and academia, ensuring high
validity and credibility of the simulation results
obtained [10].

The modeling of the 150 kV Priok Subsystem in
DigSILENT PowerFactory includes an accurate
representation of the system's main components,
including [5][11]:

e Generators: Generator units connected to the 150
kV  Priok Subsystem were modeled with
appropriate parameters, including generation
capacity, capability curves, governor parameters,
and exciters.

o Transformers:150/20 kV power transformers and
interbus transformers were modeled with
impedance data, tap ratios, and saturation
characteristics.

e Transmission Lines: 150 kV transmission lines
were modeled with line parameters such as series
impedance, shunt admittance, and line length.

e Loads: Loadsinthe 150 kV Priok Subsystem were
modeled as static or dynamic loads, depending on
data availability. Historical load data was used to
represent realistic load profiles.

e Protection Equipment: Protection relays,
including distance relays, overcurrent relays, and
frequency relays, were modelled to facilitate the
analysis of existing protection schemes and the
implementation of the adaptive defense scheme.

e Control Systems: The model also includes
Automatic Voltage Regulators (AVR) and Power
System Stabilizers (PSS).

Data for the modeling was obtained from various
sources, including 150 kV Priok Subsystem single line
diagrams (SLD), equipment technical data from
manufacturers, protection relay settings, and historical
operational data from PLN. These data were input into
DigSILENT PowerFactory to create an accurate and
representative model of the actual system conditions
[12].

The developed model was then validated by
comparing power flow and fault simulation results with
measurement data or historical data from the real
system. This validation is crucial to ensure that the
model accurately represents the system and can be used
for further analysis. Figure 2. shows the single line
diagram of the 150kV Priok subsystem modeled in
DigSILENT
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Figure 2. 150 kV Priok Subsystem Modeled in
DigSILENT
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With the accurate 150 kV Priok Subsystem model in
DigSILENT PowerFactory, in-depth analysis of N-
1/N-2 contingency scenarios, adaptive defense scheme
implementation, and protection parameter optimization
can be effectively performed. Simulation results from
DigSILENT PowerFactory will serve as the primary
basis for evaluating system performance and
formulating  recommendations  for  enhancing
operational reliability.

2.4.1 Power Flow Simulation of the 150 kV Priok
Subsystem Using DigSILENT Software.

To evaluate performance and identify potential
vulnerabilities within the 150 kV Priok Subsystem, a
power flow simulation was conducted using
DigSILENT PowerFactory software [5][13], as
illustrated in Figure 3. This simulation aimed to
determine voltage conditions at each bus, active and
reactive power flow in each line and transformer, and
to validate the developed system model.

L)

| A ’—‘ S ;h‘ }"‘*'
Figure 3. 150 kV Priok Subsystem Power Flo

The power flow simulation was performed using
the Newton-Raphson method [12][14], a widely used
iterative technique for solving nonlinear power flow
equations. This method was chosen due to its rapid
convergence and ability to handle complex systems.
The convergence tolerance employed was 0.0001 per
unit (pu) for both active and reactive power.

2.4.2 Initial Value

After all load data, generation data, and
transmission line data were input into DigSILENT, and
following the successful execution of the power flow
without errors and achieving converged data, the RMS
values for the total load at each Interbus Transformer
(IBT) were obtained, as presented in Table 6.

Tabel 6. Initial VValue

Digsilent Calculated Value

Listof IBTs | In (A}
Peak Average |Low Load

OLS Settings OCR Settings

Equivalent |
IntoMW | Iset=1.1"In | Equivalent |Iset=1.2 *In | Equivalent
| Isetto MW (&) Isetto MW |
1889,8 390 2300 470
IBT Bekasi¥d 247,3065| 226,5634] 131,1158] 1718 350 1889,8 390 2300 470
IBT Cawang#1 | 258,3111 238,3543| 144,1532] 1718 350 1889,8 390 2300 470
1BT Priok#1 347,9573| 364,1554| 280,5889| 1718 350 18893 390 2300 470
Total | 1109,31] 1063,199| 702,0316| 1718 350 18898 1 390 2300 470

(Mw) | (Mw) | (Mw) | ()
255,7352| 234,1257| 146,1736| 1718 350

IBT Bekasi#2

As shown in Table 6, the peak load value is 1109.31
MW; the average load value is 1063.199 MW, and the
low load value is 702 MW. The maximum OLS IBT
value is 110%*In for each IBT, equivalent to £390
MW.

2.4 Model Evaluation
2.4.1 Power Flow Analysis

Power flow analysis is a fundamental aspect of
power system planning and operation, aimed at
determining the distribution of active and reactive
power, voltages, and phase angles at each bus within
the network, as defined by equations (3) and (4) [15].
The basic power flow equations, involving nonlinear
relationships between line admittances, voltage
magnitudes, and phase angles, form the core of this
analysis. In practice, the use of software such as
DigSILENT PowerFactory enables accurate and
efficient modeling to solve these equations, both in
normal operating conditions and under disturbance
scenarios such as N-1 or N-2 contingencies. With the
ability to integrate advanced numerical methods like
Newton-Raphson, this software not only simplifies the
calculation process but also provides deep insights into
the behavior of power systems under various
operational conditions

N
p, = z V,VjYi;cos (6 — 8; + &) ... (3)

j=1
N

Qi = Z ViVjYijSil’l (911 - 61' + 6]) (4)
j=1
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with
Pi, Qi : Active and reactive power at the bus i
Vi, Vi :Voltage magnitudes at buses i and j
Yii, : Line admittance between buses i and j
i, : Transmission line impedance angle
0i, 0  : Voltage phase angles at buses i and j
N : Total number of buses in the system
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2.4.2 Non-Linear Power Flow Formulation
The power flow equations are nonlinear due to the
product of variables Vi, Vj, and trigonometric functions
(cos and sin). To solve these equations, it is necessary
to segregate known and unknown variables based on
bus type [16]:
1. Bus Slack (Reference Bus):
o Voltage (V) and phase angle (J) are known.
e Used as a calculation reference.
2. Bus PV (Generator Bus):
o Active power (P;) and voltage magnitude (V) are
known.
Phase angles (di) and reactive power (Qi) are
calculated.
3. Bus PQ (Load Bus):
o Active power (Pi) and reactive power (Q;) are
known.
¢ Voltage magnitudes (Vi) and phase angles (i) are
calculated.

2.4.3 Newton-Raphson Method
The Newton-Raphson method is employed to solve
nonlinear power flow equations by iteratively
approximating the solution [17]. The mathematical
formulation steps are as follows:
a. Mismatch Equations
In equation (5) and (6), define the error (AP; and
AQ;i) between the calculated power and the known
power [2]:

AP; = PP — pfale (5)
4Qi = QP — Q" ..(6)
with
PiSpeC, Ql.s P€¢ . Known (specified) active and
reactive power.
pgate, Qeate : Active and reactive power calculated

based on current estimates.

Jacobian Matrix

The Jacobian matrix (J), as shown in equation (7), is
used to relate changes in errors (APi, AQ;) to
changes in variables (Adi, AVi) [18]:

op opP
[ﬁzl=|zz 7| (55
a5 v

with
aP . . . .
35 Partial derivative of active power with respect

to phase angle.

opP

7 Partial derivative of active power with respect

to voltage magnitude.
]

55 - Partial derivative of reactive power with respect

to phase angle.
9Q

% - Partial derivative of reactive power with respect

to phase angle.

Following the definition of the mathematical
equations (3), (4), (5), (6), and (7), the next step is
to perform the Newton-Raphson iterations.
c. Newton-Raphson Iteration
The iteration process is performed until the error
(AP, AQi) approaches zero. The steps are as
follows:
1. Variable Initialization
Initial phase angle estimation (i) dan Voltage
magnitude (V).

2. Calculating Actual Power:
e Calculate Pf*¢ and Qf** based on the
current estimate.
3. Calculating Errors:
e Calculate AP; and AQ; based on the current
estimate.
4. Update Variables:
e Employ the Jacobian matrix for updating
estimations:
A81 4 [4P
[AV =J '[AQ] - (8)
5. Repeat Iteration:

Repeat steps 2-4 until the error reaches the
specified tolerance ().

244 Over Load Shedding (OLS) Static and
Dynamic (ADS)

Overload Shedding (OLS) is understood as the
excessive loading of conductors or transformers. This
occurs due to excessive consumer load demand being
handled by the equipment, necessitating load shedding
to reduce the loading within permissible limits. OLS
does not address dynamic stability issues within the
system. The defense scheme for OLS can be designed
to be either static or dynamic in relation to its target
[19].

a. Determining OLS Current Settings

OLS settings consist of current and time parameters.
Current settings must consider the capacity and lifespan
of transformers/conductors, average loading, ambient
temperature, and safety margins. Therefore, OLS
settings for transformers or conductors are set at 110%
of the nominal current, with a reset current of 85% or
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adjusted according to other protection performance or

agreements between asset owners.

e The nominal current refers to the minimum current
capacity of transformers/conductors operating in
series within the equipment, as declared by the asset
owner.

e Time settings can be definite. Definite time settings
for OLS are adjusted to a time range that can be
derived from coordination with other protection.
The first stage delay time starts from 2-3 seconds or
shorter, depending on coordination with other
protection.

e Inverse time settings for OLS can be used under
certain conditions that do not allow for the use of
definite time settings alone, such as overload
conditions with high current during N-2 or higher
contingency scenarios as shown in Figure 4 [20].

Second
I o
\ ‘{/'I Fault Currents
Trip
OCR
-------- N OtR
‘{/—I oLs
oLs ~ g / Definite
Range S
=~ T P

Autoreclose dl “-1‘1 In

Range Autoreclose

21n Ampere

Figure 4. Static OLS Operating Time Range

b. Determining ADS Current Settings

The dynamic OLS planning stages are similar to
static OLS planning, with the key difference being the
determination of OLS logic. In static OLS, the load
quota and target defense scheme are fixed, whereas in
dynamic OLS, the load quota and targets can adapt to
system conditions according to the established OLS
logic. OLS logic is wused for processing
measurement/status data as OLS operation inputs and
for determining the selection and amount of load to be
shed.

In Dynamic OLS (Adaptive Defense Scheme),
which utilizes contingency/event-based analysis within
this power flow simulation study, all contingencies to
be accommodated are defined, along with the
mitigation measures to be implemented based on
equipment responses observed during the power flow
study.

In the dynamic OLS setting, using a base
contingency defined by circuit breaker statuses, the
base parameters are permitted to operate without a time
delay/instantaneously, as illustrated in Figure 5 [20].

Second

\ /‘I Fault current

\T Autoreclose

Ampere

21in

Figure 5. ADS Operating Time Range

2.45 Defence Scheme Design

There are two types of adaptive defense schemes:
event-based and parameter-based. Assuming a
subsystem is supplied by M generators and N Interbus
Transformers (IBTs), as shown in Figure 6, and
considering the system's topology (T), where T is 1 if
included in the system and O if not, and the Circuit
Breaker (CB) status (C), where Cis 1 if closed and O if
open, the need for load shedding/generation shedding
can be calculated based on equation (8).

IBT 1

IBT 2

Figure 6. ADS Subsystem Modeling

Pcut

= {z cap
- Z Pno—trip

- Z trip, if the value is negative ... (9)
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with

Peut : Load/Generation Shedding to be Performed
Cap : Remaining line or IBT capacity

Puip - Active power from the disrupted line or IBT
Pno-rip - Active power of undisturbed lines or IBTs

I11. RESULT AND ANALYSIS

3.1 N-1 Contingency Simulation

The following analysis examines the outcomes of N-
1 contingency tests conducted with two separate
schemes. This examination seeks to assess the system's
capacity to uphold stability and power supply quality
when a key component, specifically an IBT (Inter Bus
Transformer), is lost.

3.1.1 Tripping of IBT 2 Bekasi with Parallel
Operation of IBT 4 Bekasi

This test was conducted during peak load on
October 30, 2024, when the total substation (SS) load
was 1109.3101 MW, and the SS Priok generation load
was 1358.4848 MW. In this simulation, IBT#2 Bekasi
was tripped at time t; = 1.06 s with a load of 255.7352
MW. Consequently, the load on IBT#4 Bekasi, which
is parallel to IBT#2, increased to 390.428 MW at t, =
1.3 s, as illustrated in Figure 7. This triggered the OLS
relay to send an arming signal to the ADS controller. At
time t3 = 1.5 s, the load on IBT#4 exceeded its
maximum limit of 1.1 x I,, which is 419.0238 MW, as
illustrated in Figure 8. prompting the controller to
immediately execute OLS on the Bekasi IBT load by
shedding 60.6899 MW. This resulted in a load of
362.4744 MW on IBT#4 Bekasi, equivalent to a
loading of 0.9 per unit (pu)

Figure 7. OLS Relay IBT#2 Bekasi Start to Send
_Arming

Figu_re 8. IBT#2 Reéches Maximum Loading

The voltage and frequency values occurring at each
substation with a vulnerability index within the 150 kV
Priok Subsystem, both pre- and post-fault, remained
within the safe range: 0.9 pu to 1 pu for voltage, and
49.9 Hz during the fault, returning to 50 Hz upon
system recovery, as illustrated in Figures 9 and 10.

Figure 9. Voltage Values at Substations with a
Vulnerability Index > 0.5

Figure 10. Frequency Values at Substations with a
Vulnerability Index > 0.5

This simulation also considers the rotor angle for all
Priok generators at 14:00 on October 30, 2024,
specifically Combine Cycle Block 1 at 1.30 degrees,
Combine Cycle Block 3 at 2.0 degrees, and Full
Combine Cycle Block 4 at 1.20 degrees. According to
IEEE C37.118.1 standards, the rotor angle variations
observed in all these combined cycle power plants can
be deemed safe for operation, as the variation range is
at most 3 degrees. This is illustrated in Figure 11.

Figure 11. Rotor Angles at Priok Generation
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Simulations were also conducted under peak load,
average load, and low load conditions. Under average
and low load conditions, no Load Shedding was
activated, as the load remained adequately distributed
among the Bekasi IBT, Cawang IBT, and Priok IBT, as
demonstrated in Table 7.

Tabel 7. Load Condition Contingency N-1
Simulation

TotalLoad SS
Priok
(MW)

Total Priok S
Generation
(Mw)

Power Loss
(N-1IBT Bekasi)
(Mw)

oLs
(MW)

Final Beban SS
(Mw)

Load Condition

Peak Load
Average Load
Low Load

1108,3101
1063,1988
702,0316

1358,4848
1169,83872
884,14685

255,7352
234,1257
146,1736

60,6899
0
0

1048,6202
1063,1988
702,0316

3.1.2 Tripping of IBT 1 Cawang

The N-1 contingency simulation testing of IBT 1
Cawang is a unique test, as IBT 1 Cawang in the 150
kV Priok Subsystem is not configured in parallel like
IBT 2 and 4 Bekasi. Consequently, the effect of IBT 1
Cawang tripping resulted in a 258.311 MW load
transfer at t; = 1.06 s. This load distribution shifted to
IBT 2 and 4 Bekasi, which before the IBT 1 Cawang
disturbance had loads of 255.7352 MW and 247.3065
MW, respectively. Att, =1.339 s, the OLS relay of IBT
4 Bekasi first sent an arming signal to the ADS
controller, due to the IBT 4 Bekasi loading reaching
398.6694 MW. Subsequently, at t3 = 1.374 s, IBT 2
Bekasi loading also sent an arming signal to the ADS
controller, as shown in Figure 12. However, at t4 = 1.5
s, both Bekasi IBTs experienced a load surge,
exceeding the tolerance threshold of 1.1*1,, or above
400 MW, as depicted in Figure 13. Consequently, the
ADS relay immediately commanded load shedding of
loads on IBT 2 and 4 Bekasi, totaling 205.9939 MW.
Following the load shedding, at ts = 2.963 s, the load
returned to 358.4118 MW, equivalent to 0.919 pu for
IBT 4, and 358.1037 MW, equivalent to 0.918 pu for
IBT 2 Bekasi.

AT 5

— IBT4,
16T,

— IBTZ

Figure 12. OLS Relay IBT 2,4 Bekasi Start to Send
Arming

Figure 13. IBT 2,4 Bekasi Reaches Maximum
Loading

Regarding the voltage and frequency test results for
substations with a vulnerability index >0.5 and
generator rotor angles within the normal range, they
were consistent with the Contingency N-1 IBT Bekasi
test results. The test result graphs can be seen in Figures
14, 15, and 16

1,00:
09883379
1,00085¢

| 10688

| — T
03803608

1007223
03835431 —

Figure 14. Voltage Values at Substations With a
Vulnerability Index > 0.5

v

Time = 12651195
4608004 — 1BKASI BKASI
4808283 — 1CWBRUIILS

24998474 — 1PGLNG)
9909832 — CWANG;

Figure 15. Frequency Values at Substations with a
Vulnerability Index > 0.5

Figure 16. Rotor Angles at Priok Generation
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A holistic simulation was also performed for the N-
1 contingency of IBT 1 Cawang under peak, average,
and low load conditions, as shown in Table 8.

Tabel 8. Load Condition Contingency N-1 IBT 1
Cawang Simulation

Total | TotalPriok | Power Loss Final
Load Condition Loaq SS 5S . (N-11BT 1 oL Beban SS
Priok Generation | Cawang) (MW) (MW)
(MW) (MW) (MW)
Peak Load 1109,31| 1358,4848| 255,7352| 205,9939| 903,316
Average Load 1063,199| 1169,83872 238,3543 0 1063,2
Low Load 702,0316| 884,14685 144,1532 0| 702,032

3.2 N-2 Contingency Simulation

The N-2 Contingency test is crucial as it
demonstrates the response of the 150 kV Priok
Subsystem to a fault involving two major components,
specifically the tripping of IBT 2 and IBT 4 Bekasi. The
IBT 2 and 4 Bekasi tripping simulation was conducted
at t1 = 1.06 s, resulting in the significant transfer of the
total load from IBT Bekasi to IBT Cawang and IBT
Priok. At t2 = 1.066 s, as shown in Figure 17, the IBT
Priok loading reached 395.3056 MW, triggering the
IBT Priok OLS relay to send an arming signal to the
ADS Controller. Simultaneously, the IBT Cawang
loading reached 464.6745 MW, causing the ADS
controller to directly initiate Load Shedding at the
prioritized load matrix of IBT Cawang to ensure the
integrity of critical equipment such as generators,
transmission lines, and IBT Priok within the 150 kV
Priok Subsystem. Without successful ADS operation,
as observed at t3 = 1.085 s in Figure 18, with IBT
Cawang loading at 470.8563 MW, the OCR relay
would detect an Over Current condition. This would
lead to significant losses for PLN and its consumers as
the subsystem would lose three IBTs directly,
impacting IBT 1 Priok. If IBT 1 Priok also trips, it
would then result in the tripping of Priok Power Plant
Blocks 1 and 2 due to the activation of the Over
Generating Shedding relay.

Figure 17. OLS Relay IBT 1 Priok Start to Send
Arming and IBT 1 Cawang Overload

am e
nnnnn

Figu

—— & e

re 18. The OCR relay trips IBT 1 Cawang

For other electrical quantities, significant changes
occurred, notably in voltage. Before the fault, the
average substation voltage was 1.01 pu; however, post-
fault, the voltage decreased to 0.99 pu, as shown in
Figure 19. This behavior remains within normal
operational limits, as all Automatic Voltage Regulator
(AVR) and Governor systems of the Priok Combined
Cycle Power Plant (PLTGU) Blocks 1, 3, and 4
operated effectively, with the average rotor angle of the
Priok PLTGU units decreasing by 12 degrees, as
illustrated in Figure 20. Furthermore, the frequency did
not exhibit a significant drop; the lowest recorded
frequency remained at 49.91 Hz, preventing the Under
Frequency Relays (UFR) from triggering the tripping
of main equipment, as depicted in Figure 21.

Figure 19. Voltage Values at Substations With a
Vulnerability Index > 0.5
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Figure 21. Frequency Values at Substations with a
Vulnerability Index > 0.5

The N-2 Bekasi contingency test results across all
load conditions indicate that if this occurs, the 150 kV
Priok Subsystem would have to shed half of its current
total load. This is an event that PT. PLN (Persero) must
avoid, as it could potentially lead to Priok, Cawang, and
Bekasi islanding conditions. Therefore, PLN must
maximize the integration of connections with the
500/150 kV Muara Tawar Subsystem to add 2 IBTs
from the Muara Tawar Extra High Voltage Substation
(GITET). This would result in a total of 6 IBTs within
the 150 kV Priok Subsystem. The results of the N-2
contingency test are presented in Table 9.

Tabel 9. Load Condition Contingency N-2 IBT 2,4
Bekasi Simulation

Total Priok SS Power Loss Final

Generation g:j;;? ’1 (aﬁ) Beban SS
(MW) g (MW)

(MW)
1358,4848 508,0417 526,222
1169,83872

460,6891
884,14685 277,2895

Total Load
SS Priok
(MW)

1109,3101
1063,1988
702,0316

Load Condition

Peak Load
Average Load
Low Load

583,0881
582,1271| 481,0717
360,3535| 341,6781

VI. CONCLUSION

This study demonstrated that implementing
Overload Shedding (OLS) and Adaptive Defense
Scheme (ADS) in the 150 kV Priok subsystem
significantly enhances Jakarta’s electricity reliability
under N-1/N-2 contingency scenarios. Using

DigSILENT PowerFactory, simulations validated that
OLS-ADS effectively mitigated cascading failures by
dynamically shedding 6-20% of the load during N-1
events (e.g., IBT2/Bekasi or IBT1/Cawang tripping),
maintaining voltages (0.9-1.0 pu) and frequencies
(49.9-50 Hz) within safe limits. Rotor angles in Priok’s
PLTGU units remained stable, adhering to IEEE
thresholds. However, N-2 contingencies (e.g.,
simultaneous loss of IBT2/4/Bekasi) exposed systemic
vulnerabilities, requiring 50% load shedding to prevent
equipment tripping and islanding.

The research achieved its objective by optimizing
ADS logic to prioritize critical loads and generators,
ensuring equipment safety during severe faults.
Findings underscore the necessity of reinforcing grid
infrastructure, such as integrating Muara Tawar’s
500/150 kV IBTs, to bolster N-2 resilience. This work
provides actionable insights for refining ADS
parameters and expanding transmission capacity,
thereby safeguarding Jakarta’s power supply against
cascading failures and enhancing system robustness.
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