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Abstract: Power transformers are crucial in the electrical distribution system, and their operational
stability is significantly affected by load imbalance among phases. Load imbalance can lead to the flow
of neutral current through the neutral conductor, causing additional power losses in the transformer.
This study analyzes the impact of load imbalance on neutral current and power losses at Transformer
1 (30 MVA capacity, 70/20 kV) at the Bungaran Substation. Data such as phase current, neutral current,
and power losses were measured at 12:00 and 21:00. At 12:00, the transformer’s full-load current was
839.17 A with a loading of 28.44% and a load imbalance of 0.74%, resulting in a neutral current of 4.36
A (1.83% of load current). The power loss due to neutral current was 12.64 W (4.36x10-5 %), and the
loss due to neutral current flowing to the ground was 760 W (2.62x10-3 %). At 21:00, the full-load
current decreased to 834.46 A, with a loading of 29.36% and a higher load imbalance of 1.36%. This
caused a neutral current of 7.94 A (3.24%), with a power loss of 41.90 W (1.43x10-4 %) and a ground
power loss of 2.52 W (8.60%10-3 %). The power losses were minimal compared to the transformer’s
capacity, having little effect on system efficiency. However, maintaining load balance is essential for

system efficiency and transformer longevity.
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1. Introduction

Power transformers are one of the main components in the electrical power system,
functioning to transmit and distribute electrical energy efficiently from one voltage level to
another (Azis et al.,, 2018). The reliability and efficiency of transformer operation greatly
determine the stability and quality of power delivery from substations to consumers.
Therefore, transformer operating conditions must always be maintained within safe and
standard limits, including ensuring load balance among its phases (Hartono et al., 2025).

Load imbalance among phases is a common issue in power distribution systems. This
imbalance occurs when the current or power flowing through each phase is not equal. Such
a condition can cause neutral current to flow through the neutral conductor of the
transformer, which in turn leads to increased power losses and overheating in the conductors
or internal components of the transformer (Aini et al., 2021; Arifin et al., 2023). If allowed to
continue, load imbalance can reduce operational efficiency, accelerate insulation aging, and
shorten the transformer’s lifespan (Wardhana et al., 2024).

In addition, the neutral current resulting from load imbalance can cause extra power
losses due to its flow through the resistance of the neutral conductor or into the grounding
system (Latupeirissa & Titaley, 2023). Although relatively small, these losses still affect the
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overall efficiency of the electrical power system, especially over the long term (Chen et al.,
2018; Diao et al., 2025). Therefore, it is important to analyze the degree of load imbalance,
neutral current, and the resulting power losses to determine the actual performance condition
of the transformer and ensure its operation complies with standards set by PT PLN (PT PLN,
2014).

Bungaran Substation is one of the key substations in the Palembang atrea, responsible
for distributing electrical energy to various regions. This substation houses several power
transformers, including Transformer 1 with a capacity of 30 MVA and a voltage of 70/20 kV,
which serves as the object of this study. Through the analysis of load imbalance, neutral
current, and the resulting power losses in this transformer, it is expected that an accurate
overview of transformer performance and efficiency in power delivery can be obtained
(Irwansyah et al., 2022; Widagdo et al., 2023).

This study aims to analyze the effect of load imbalance on neutral current and power
losses in Transformer 1 at Bungaran Substation. The results of this analysis are expected to
serve as a reference for managing and evaluating distribution system loads, as well as a basis
for maintenance and operational efficiency improvement, ensuring equipment longevity and
reliable, efficient power system operation.

2. Literature Review

A transformer is an electrical device that functions to transfer power from high voltage
to low voltage or vice versa. A power transformer specifically serves to transmit electrical
energy from the transmission system to the distribution system through a substation. This
type of transformer plays a vital role in adjusting voltage levels to meet the requirements of
the load side system. Typically, power transformers are installed at substations that serve as
connection points between transmission and distribution networks (Dendi et al., 2022;
Wardhana et al., 2024).

A transformer is an electromagnetic device consisting of two or more coils that are
magnetically coupled. When one of the coils, known as the primary winding, is connected to
an alternating voltage source, it produces a magnetic flux whose magnitude depends on the
voltage and the number of turns in the coil. This magnetic flux then induces another coil,
known as the secondary winding, creating a voltage on the secondary side. The induced
voltage is proportional to the ratio of the number of turns between the primary and secondary
windings (Azis et al., 2018; Latupeirissa & Titaley, 2023).

In a three-phase power transformer with a four-wire system, load imbalance often
occurs. This imbalance is caused by uneven load distribution among the secondary phases of
the transformer, namely phases R, S, and T. The difference in load among these phases
generates a current flowing through the neutral conductor (Aini et al., 2021; Styawan &
Rahmawati, 2019).

Figure 1(a) shows a vector diagram of currents under balanced conditions, where the
sum of the three current vectors (Ig, Is, I7) equals zero, resulting in no neutral current.
Conversely, Figure 1(b) illustrates an unbalanced condition where the vector sum is no longer
zero, causing a neutral current (Iy) to appear. The magnitude of this neutral current depends
on the degree of load imbalance (Syahputra, 2019; Widagdo et al., 2023).
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Figure 1. Current Vector Diagram.
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The presence of this neutral current can cause power losses in the transformer. One of
the common issues in three-phase power systems at substations is load imbalance, which
usually occurs due to dominant loading on one particular phase. When the loads among
phases are not evenly distributed, current flows through the neutral conductor, and the phase
angles among the three phases deviate from the ideal 120° separation (Chen et al., 2018; Diao
et al,, 2025).

The balanced condition shown in Figure 1(a) is defined as a state where (Syahputra,
2019; Rizal et al., 2024):

- The three current or voltage vectors have equal magnitudes.
- The three vectors form an angle of 120° with each other.

Meanwhile, the unbalanced condition shown in Figure 1(b) occurs when one or both of
these conditions are not met. There are three possible forms of load imbalance (Aini et al.,
2021; Styawan & Rahmawati, 2019):

- The three vectors have equal magnitudes but do not form an angle of 120° with each
other.

- The three vectors differ in magnitude but still form an angle of 120°.

- The three vectors differ in both magnitude and angle, not forming a 120° separation.

3. Research Methodology

3.1. Research Location

The research was conducted at PT PLN (Persero) P3B Sumatera UPT Palembang,
Bungaran Substation, located at Kelurahan 8 Ulu, Jakabaring District, Palembang City, South
Sumatra 30267. The object of this research is Transformer 1 with a capacity of 30 MVA and
a voltage level of 70/20 kV at the Bungaran Substation. The research was catried out from
May to June 2024.

3.2. Research Stages

The data used in this research are secondary data, obtained through observations at the
research site. The secondary data consist of the specification data and load data of

Transformer 1, 30 MVA 70/20 kV. The collected data were then analyzed and processed to
be used in the research stages. The stages of this research are as follows:

3.2.1. Full Load Current of Transformer

The transformer power, when viewed from the secondary voltage side, can be
determined using the following equation (Irwansyah et al., 2022):

S =\3VI 1)
Hence, the magnitude of the full-load current in the transformer can be determined using the
following equation (Liliana et al., 2024):
s
In =75 ey

Description:

S = Transformer power (kVA)

V' = Secondary voltage of transformer (kV)
Iz, = Full load current (A)

3.2.2. Transformer Loading Percentage

The loading of a transformer under unbalanced load conditions is equal to the magnitude
of the average current. The average current in the transformer can be determined using the
following equation (Arifin et al., 2023):

_ IR +Is+IT
loverage = 3 ©)

Thus, the transformer loading percentage can be determined using the following equation
(Rizal et al., 2024):

Iavera e
Lipading (%) = T[q X 100% @
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Description:

Lverage = Average current (A)
Ig = Phase R current A)
Ig = Phase S current (A)
It = Phase T current (A)

Lipading (%) = Transformer loading percentage (%)

3.2.3. Load Imbalance Percentage

As an example, let a power P be transmitted through a line that has a neutral conductor.
If the currents in each phase are balanced, the transmitted power can be expressed by the
following equation (Latupeirissa & Titaley, 2023):

P=3VIcosH (6)
Description:
P = Power on the sending side (W)
|4 = Voltage on the sending side (V)

cos 0 = Power factor

If I represents the phase current under balanced conditions, then under unbalanced

conditions, the phase cutrents can be expressed with coefficients a, b, and ¢ as follows
(Widagdo & Andriawan, 2023):

— __Ir
Ig = a X lgperqge maka a = ; ™
average
— —_Is
Is = b X lgyerqge maka b = - ®)
average
— —_Ir
It = ¢ X Igperqge maka ¢ = ; ©)
average

Here, I, Is, and Iy are the cutrents in phases R, S, and T, respectively. The power factor
(cos 8) of the three phases is assumed to be the same even though the current magnitudes

differ. Therefore, the transmitted power can be expressed as follows (Latupeirissa & Titaley,
2023):

P=(a+b+c)VIicosH (10)

If equations (9) and (5) represent the same power, then the coefficients a, b, and ¢ must
satisfy @ + b + ¢ = 3 for the unbalanced condition, while under balanced conditions, the
coefficients are @ = b = ¢ = 1. Furthermore, the percentage of load imbalance can be
expressed as follows (Listiawati & Andini, 2023):

{la=1|+|b-1|+|c-1]}
Lioad imbatance (%) = - 3 X 100% (11)

3.2.4. Neutral Current Due to Load Imbalance

For the three-phase currents of an unbalanced system, the analysis can be solved using
the symmetrical component method. Using the same notation as for voltages, the phase
current equations can be expressed as follows (Hartono et al., 2025):

Ip=5L+1, +1 12)
Iy = a?l, + al, + I, (13)
Iy = aly + a?L, + I, (14)

By applying the same procedure used to determine the positive, negative, and zero-
sequence voltages, the sequence currents can also be determined as follows (Pan et al., 2019):

I = %(IR +alg + a?ly) (15)
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I = §(1R + a®ls + aly) (16)

1
IOZE([R+IS+[T) (17>

Here, the zero-sequence current (Iy) tepresents one-third of the neutral current, or it
becomes zero if the system operates under a perfectly balanced three phase four wire
configuration. In such a system, the sum of the line currents equals the neutral current
returning through the neutral conductor (Febrianti, 2018):

INZIR+IS+IT (18>

By substituting equation (17) into equation (18), the following relationship is obtained (Pan
et al., 2019; Rizal et al., 2024):

IN = 3]0
[N = [R + [S + [T
Iy = [I1{fa + b cos(—120) + j b sin(—120) + c cos(—120) + j ¢ sin(120)}
1 , V3 1 . A3
Iy=Ula+b(=)+jb(=)+c (=) +jc()}

_ __btc | . (c=b)V3
Iy = [1{a -2+ 22

b+ , (c—b)V3
Iy = [[average] {a - TC +J CT}

The percentage of neutral current relative to the transformer load current is given by
(Irwansyah et al., 2022):

19

Iy (%) = —2— x 100% 20)
Iaverage
Description:
Iy = Cutrent flowing through the neutral conductor (A)

Iy (%) = Percentage of neutral current relative to transformer load current (%)

3.2.5. Power Losses Due to Neutral Current

As a result of unbalanced loading on each phase, current will flow through the neutral
conductor. When the neutral conductor has a resistance value and is carrying current, a
voltage drop will occur along it, causing an imbalance in the transformer voltage. The current
flowing through the neutral conductor leads to power losses along the neutral path, which
can be expressed as follows (Siboro et al., 2024):

APy = Iy* Ry @1

Hence, the percentage of power losses caused by the neutral current is given by (Listiawati &
Andini, 2023):

APy APy
APy (%) = =5 X 100% = <= x 100% 22)
Description:
APy = Power loss due to neutral current (W)
Ry = Resistance of the neutral conductor (Q2)

APy (%) = Percentage of power losses caused by neutral current (%)

3.2.6. Power Losses Due to Neutral Current Flowing to Ground

This type of power loss occurs because of the neutral current flowing to the ground. The
magnitude of this power loss can be calculated using the following equation (Syahputra, 2019):

AP; = 1% R, (23)

Furthermore, the percentage of power loss caused by the neutral current flowing to the
ground can be expressed as follows (Rizal et al., 2024):
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AP (%) = AP 100% = P 100% 24)
GL7 P ° " Scos6 °
Description:
APg = Power loss due to neutral current flowing to ground (W)
I = Neutral current flowing to ground (A)
Rg = Grounding resistance of the transformer neutral (€2)

AP; (%) = Percentage of power loss caused by neutral current flowing to ground (%o)

3.2.7. Transformer Loading Standards

Table 1 presents the transformer loading standards established based on the Edaran
Direksi PT PLN (Persero) Nomor: 0017.E/DIR/2014. These standards are used as a
reference to assess the health and performance of transformers based on parameters such as
the percentage of transformer current loading relative to nominal capacity, current imbalance
between phases, and the magnitude of the neutral current as a percentage of the load current.
The transformer condition is classified into four categories: Good, Fair, Poor, and Bad to
facilitate decision-making regarding maintenance and optimal operation.

Table 1. Transformer Loading Standards According to Edaran Direksi PT PLN (Persero) Nomor:
0017.E/DIR/2014.

Characteristic . . Health Index
Characteristic
Group Good Fair Poor Bad
Transformer Current
Loading (% to KHA <60%  60% -<80% 80% -<100% = 100%
outlet)

Load Reading 1, * ¢ rrent Imbalance < 10%  10% - < 20%  20% - < 25% > 25%
and Profilling

Transformer Neutral
Current (% to transformer < 10%  10% - <15% 15% - <20% = 20%
load current)

4. Results and Discussion

4.1. Research Data
4.1.1. Transformer Data

The specification data of Transformer 1, 30 MVA 70/20 kV at Bungaran Substation are
as follows:

Table 2. Specification Data of Transformer 1, 30 MVA 70/20 kV at Bungaran Substation.

Specification Description
Brand PAUWELS
Capacity 30 MVA
Number of Phases 3
Frequency 50 Hz
Impedance 12.45%
Primary Voltage 70 kV
Secondary Voltage 20 kV
Neutral Resistance 0,665 Q

NGR 40 Q
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Figure 2. Transformer 1, 30 MVA 70/20 kV at Bungaran Substation, Palembang.

4.1.2. Transformer Load Data

The load data of Transformer 1, 30 MVA 70/20 kV at Bungaran Substation Palembang
for April 2024 is shown in Table 3.

Table 3. Transformer 1 Load Data (30 MVA, 70/20 kV) at Bungaran Substation Palembang for

April 2024,
Time Ir (A) Is (A) Ir (A) Vg (kV) Vs (kV) V1 (kV) P (MW) Q (MVAR) Cos 6
00.00 195 195 195 20,8 20,8 20,8 6,77 1,58 0,9738
01.00 190 190 190 20,7 20,7 20,7 6,68 1,57 0,9734
02.00 190 190 190 20,7 20,7 20,7 6,61 1,56 0,9731
0300 189 189 189 20,7 207 20,7 655 1,59 0,9719
04.00 188 188 188 20,7 20,7 20,7 6,51 1,57 0,9721
05.00 189 189 189 20,7 20,7 20,7 6,46 1,60 0,9706
06.00 191 191 191 20,6 20,6 20,6 6,56 1,63 0,97006
07.00 198 198 198 20,6 20,6 20,6 6,81 1,75 0,9685
08.00 208 208 208 20,6 20,6 20,6 7,11 1,84 0,9681
09.00 221 221 221 20,6 20,6 20,6 7,57 1,97 0,9679
10.00 231 231 231 20,5 20,5 20,5 7,87 2,04 0,9681
11.00 236 234 238 20,6 20,5 20,7 8,05 2,06 0,9689
12.00 239 236 241 20,6 20,5 20,7 8,18 2,13 0,9678
13.00 237 235 239 20,6 20,5 20,7 8,17 2,13 0,9676
14.00 236 236 236 20,6 20,6 20,6 8,10 2,12 0,9673
15.00 228 228 228 20,7 20,7 20,7 7,80 2,27 0,9603
16.00 221 220 222 20,7 20,7 20,7 7,60 2,75 0,9403
1700 218 217 220 20,7 20,6 20,8 7,56 2,13 0,9626
18.00 226 225 227 20,6 20,5 20,7 7,78 2,41 0,9551
19.00 231 230 232 206 205 20,7 798 1,66 0,9791
2000 226 225 228 20,7 20,6 208 7,83 2,05 0,9674
21.00 246 240 249 208 20,7 209 7,67 1,65 0,9777
22.00 209 208 212 20,8 20,7 20,9 9,56 1,61 0,9861
23.00 199 199 199 20,8 20,8 20,8 6,95 1,57 0,9753
2400 192 192 192 20,8 208 208 665 1,56 0,9737
4.2. Results

In this study, the calculation of the effect of load imbalance on neutral current and power
losses in Transformer 1, 30 MVA 70/20 kV at Bungaran Substation was analyzed based on
the following conditions:

- Off-Peak Load Period between 22:00 and 18:00, where the peak load occurs at 12:00.
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- Peak Load Period between 18:00 and 22:00, where the peak load occurs at 21:00.

4.2.1. Full Load Current of the Transformer
Transformer 1 has a rated power of 30 MVA, so the full load current is calculated as

follows:
- At 12:00
_ S _ 30000 _
I, = V" Tixz0s 839,1719 4
- At 21.00
s 30.000
I, = 57 = Jaoo= = 834,4552 4

4.2.2. Transformer Loading Percentage

The loading percentage of Transformer 1 under unbalanced load conditions is as
follows:
- At12.00

Igp+Is+Ip _ 239+237+241
Iyverage = 3 = 3 = 238,6667 A

Thus, the transformer loading percentage is:

239
839,1719

lioading (%) = ’ITH x 100% = x 100% = 28,4407%

- At 21.00

_Ip+Isg+Ip _ 246+240+249 _
Iaverage - 3 - 3 =2454

Thus, the transformer loading percentage is:

245
34,4552

lioading (%) = 22202 X 100% = 22— x 100% = 29,3605%

4.2.3. Percentage of Transformer Load Imbalance

Under unbalanced load conditions, the current magnitude in each phase of Transformer
1 can be expressed by coefficients a, b, and c.
- At 12.00
The values of coefficients a, b, and ¢ for each phase of Transformer 1 are as follows:

I 239
a=—=%_= =1,0014
Iaverage 238,6667
I 236
b =—— = = 0,9888
Igverage 238,6667
I 241
c=—"I_ = =1,0098

Iaverage  238,6667

Thus, the percentage of load imbalance is:

_ lla=1l+[b=1]+lc-1]}

Lioad imbatance (%) = — 5 X 100%
_ {|1,0014—1|+|0,98§8—1|+|1,0098—1|} % 100%
= 222 % 100% = 0,7449%
- At 21.00
The values of coefficients a, b, and ¢ for each phase of Transformer 1 are as follows:

e _246_, 0041
Iuveruge 245 ’

a =
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p=_Tds 240 _ 49706
Iaverage 245 ’
Iy 249

c = =1,0163

Iaveruge B 245

Thus, the percentage of load imbalance is:

_ {la=1|+|b—1]+|c-1]}

Iload imbalance (%) X 100%

{]1,0041-1]+[0,9796—1|+|1,0163—1|}
= . X 100%

= ‘)‘Lﬂ x 100% = 1,3605%

4.2.4. Neutral Current Due to Unbalanced Load

The neutral current resulting from the unbalanced load condition in Transformer 1 is
calculated as follows:
- At 12.00

b+ , (c—b)V3
Iy = [[average] {a - TC +J CT}

— [238,6667] {1'0014 _ 0,9888-;-1,0098 + ] (1,0098—(2),9888)\/5}

= [238,6667]{0,0021 + j0,0181}
=0,5000 + j4,3301 = 4,3589.83,4132°

Thus, the percentage of neutral current relative to the transformer load current is:

I 4,3589
Iy (%) = —2—x100% =
Igverage 238,6667

X 100% = 1,8264%
- At 21.00

b+ . (c—=b)V3
Iy = [[average] {a - TC +J CT}

_ [245] {1,0041 _0,9796+1,0163 n .(1,0163—;),9796)\/5}

= [245]{0,0061 + j0,0318}
= 1,5000 + j7,7942 = 7,9373279,1066°

Thus, the percentage of neutral current relative to the transformer load current is:

7,9373

Iy (%) =- N % 100% = x 100% = 3,2397%

average 5

4.2.5. Power Losses Due to Neutral Current

The power losses due to the presence of neutral current in Transformer 1 are as follows:
- At 12.00

APy = I,* Ry = 4,35892 x 0,665 = 12,6350 W

Thus, the percentage of power losses caused by the neutral current is:

APy

x 100% = 4,3552 x 107°%
Scos6O

APy (%) =

7,8850
X 1000 - v
% 30x106x0,9670

- At 21.00
APy = Iy2 Ry = 7,9373% x 0,665 = 41,8950 W
Thus, the percentage of power losses caused by the neutral current is:

AP 7,8850
V% 100% = — 2030
Scos0 30x10°%x0,9773

APy (%) = x 100% = 1,4289 x 107%%
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4.2.6. Power Losses Due to Neutral Current Flowing to Ground

The power losses due to the neutral current flowing to ground in Transformer 1 are as
follows:
- At12.00

AP, = 1,2 R; = 4,3589% x 40 = 760 W

Thus, the percentage of power losses due to the neutral current flowing to ground is:

APG (%) = =5 X 100% = ﬁ x 100% = 2,6197 x 1073%

- At21.00
AP, = 1,2 R; = 7,93732 x 40 = 2.520 W

Thus, the percentage of power losses due to the neutral current flowing to ground is:

AP; (%) = o5 x 100% = 220 x 100% = 8,5951 x 103%

cos 6 30x106x0,9773

4.3. Discussion

Table 3 presents the results of the calculations of transformer loading, load imbalance,
neutral current, power losses due to neutral current, and power losses due to neutral current
flowing to ground at two different measurement times, namely at 12:00 and 21.00.

Table 3. Calculation Results.

Full Load Transformer

1 0 0 0 0
Time o ot (A) Loading (%) L02dImbalance (%) In (&) In (%) APn(W) APx (%) APc(W) APc (%)
1200 839,1719 28,4407 0,7449 43580 18264 12,6350 43552x10° 760  2,6197x107
21.00 8344552 29,3605 1,3605 7,9373 32397 41,8950 1,4289x104 2520  8,5951x103

4.3.1. Transformer Loading

Transformer 1 at Bungaran Substation has a power capacity of 30 MVA with a voltage
rating of 70/20 kV. Based on the calculation results, the full load current of this transformer
reaches 839.1719 A at 12:00 p.m. and 834.4552 A at 9:00 p.m., with loading levels of
28.4407% and 29.3605% of its nominal capacity at those respective times. According to the
loading standard set by Edaran Direksi PT PLN (Persero) Nomor 0017.E/DIR /2014,
loading below 60% is categorized as Good, indicating that this transformer operates within
safe and efficient limits.

This relatively low loading indicates that the transformer operates well below its
maximum capacity, thereby minimizing the risk of overheating, insulation degradation, and
damage due to overcurrent. The transformer’s operating temperature tends to remain stable,
power losses are minimal, and system efficiency remains high. The relatively balanced loading
between day and night also suggests that the network load is evenly distributed without
significant fluctuations that could stress the equipment.

With the loading still far below its maximum capacity, the transformer retains a
substantial reserve margin to accommodate future load increases without compromising
operational reliability. However, regular monitoring remains essential to ensure operational
stability, particularly in anticipating changes in load patterns and phase imbalance, which can
affect performance and power losses.

Opverall, the transformer at Bungaran Substation operates under excellent conditions,
maintaining high efficiency, operational safety, and optimal equipment lifespan. The
consistently low loading level reflects the reliability and readiness of the transformer to handle
future load growth, provided that periodic supervision continues to be conducted to maintain
system stability and performance.
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4.3.2. Load Imbalance

Based on the calculation results shown in Table 3, the load imbalance on Transformer 1
at Bungaran Substation exhibits very low values 0,7449% at 12:00 p.m. and slightly increasing
to 1,3605% at 9:00 p.m. According to Edaran Direksi PT PLN (Persero) Nomor
0017.E/DIR/2014, a load imbalance below 10% falls within the Good category. Thetefore,
it can be concluded that the phase loads of this transformer are very well balanced.

This low imbalance value indicates that the currents in the three phases are almost equal.
Such a condition is highly beneficial, as it helps reduce excessive neutral current, which, if too
large, could lead to increased power losses, higher operating temperatures, and potential
insulation or transformer component damage. Although there is a slight increase in imbalance
at 9:00 p.m., the value remains well below the tolerance limit and does not negatively affect
the transformer’s performance.

Good load balance reflects optimal power distribution efficiency and effective load
management within the distribution network. This condition also contributes to overall power
system stability, reducing thermal and mechanical stress, and extending the operational
lifespan of the transformer.

In summary, the very minimal load imbalance on Transformer 1 at Bungaran Substation
indicates that the transformer operates in an excellent, efficient, and reliable condition. To
maintain this performance, regular monitoring is recommended to ensure that the imbalance
value consistently remains within the Good category as defined by PLN standards, thereby
supporting the stability and efficiency of the power system’s ongoing operation.

4.3.3. Neutral Current Due to Unbalanced Load

Neutral current in a transformer primarily arises from load imbalance among the phases
on the secondary side of the transformer. Based on the calculation results in Table 3 for
Transformer 1 at Bungaran Substation, the neutral current was recorded at 4,3589 A (1,8264%
of load current) at 12:00 p.m. and increased to 7,9373 A (3,2397% of load current) at 9:00
p-m. These values indicate that although there is a slight load imbalance among the phases,
the magnitude of the resulting neutral current remains very small and is well below the 10%
maximum limit stipulated in Edaran Direksi PT PLN (Persero) Nomor 0017.E/DIR/2014,
thereby classifying it within the Good condition category.

The neutral current resulting from load imbalance can cause power losses in the
transformer’s neutral conductor. This occurs because the neutral current flows through the
neutral resistance of the transformer, leading to power dissipation in the form of heat (losses).
The increase in neutral current during peak load hours, although still within safe limits,
indicates a rise in power losses that should be considered to maintain the efficiency and
operational lifespan of the transformer.

The relatively low neutral current level signifies that the power distribution system
operates with a well-balanced load and good load management. However, regular monitoring
of the neutral current is crucial to prevent an increase in imbalance that could cause premature
equipment damage or a decline in distribution efficiency. Corrective actions should be taken
if the neutral current shows a significant upward trend beyond the standard limits.

Overall, the neutral current due to unbalanced load in Transformer 1 at Bungaran
Substation remains at a safe level, supporting stable and efficient operation of the transformer
with minimal power losses resulting from load imbalance.

4.3.4. Power Losses Due to Neutral Current

Power losses caused by neutral current are one form of energy loss that occurs in a
transformer when the phase loads are unbalanced. Based on the calculation results for
Transformer 1 at Bungaran Substation, the neutral current resulting from load imbalance was
4,3589 A at 12:00 p.m. and increased to 7,9373 A at 9:00 p.m. This neutral current causes
power losses in the transformer’s neutral conductor of 12,6350 W (4,3552X10-> %) at 12:00
p.m., increasing to 41,8950 W (1,4289%10-* %) at 9:00 p.m. These power loss values are very
small compared to the transformer’s capacity of 30 MVA, and therefore do not significantly
affect the overall system efficiency.

Technically, power losses due to neutral current occur because the flow of current
through the neutral conductor’s resistance generates heat proportional to the square of the
current. The greater the phase load imbalance, the larger the neutral current, and
consequently, the power losses in the neutral conductor increase. Although the magnitude of
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these losses in this transformer remains within safe limits and is relatively small, this
phenomenon still requires attention, as an increase could lead to local heating in the neutral
conductor and reduce the operational efficiency of the transformer.

In conclusion, the power losses caused by neutral current in Transformer 1 at Bungaran
Substation are within a safe range and do not have a significant impact on system efficiency.
However, regular monitoring of the neutral current and neutral conductor temperature is
necessaty to ensure stable operating conditions. Efforts to balance the phase loads are also
recommended to minimize neutral current losses, enabling the transformer to operate at high
efficiency while maintaining the longevity of its equipment.

4.3.5. Power Losses Due to Neutral Current Flowing to Ground

Power losses caused by neutral current flowing to the ground are a form of energy loss
that occurs when the neutral current resulting from load imbalance flows through the
grounding resistance in the transformer’s neutral system. Based on the calculation results for
Transformer 1 at Bungaran Substation, the neutral current resulting from load imbalance was
4,3589 A at 12:00 p.m. and increased to 7,9373 A at 9:00 p.m. This neutral current causes
power losses to ground of 760 W (2,6197x10-3 %) at 12:00 p.m. and 2,520 W (8,5951x10-3
%) at 9:00 p.m.

Although the percentage of power loss due to neutral current flowing to ground relative
to the transformer’s nominal capacity (30 MVA) is very small, it still indicates that phase load
imbalance directly contributes to increased energy losses in the grounding system. The power
losses in the neutral-to-ground path are generally dissipated as heat in the Neutral Grounding
Resistor (NGR). If allowed to increase continuously, this can lead to overheating and
accelerate the degradation of grounding components.

Operationally, the power losses due to neutral current flowing to ground in this
transformer remain within safe limits and are considered very small, indicating that the
grounding system is functioning properly and the phase loads are relatively balanced.
Nevertheless, regular monitoring of neutral current and NGR conditions is necessary,
especially during peak load periods, to ensure that there is no excessive temperature rise or
current that could compromise system stability.

5. Conclusion

Overall, Transformer 1, 30 MVA 70/20 kV at Bungaran Substation demonstrates good
operating conditions, with low loading levels, minimal phase load imbalance, and very small
power losses due to neutral current and current flowing to ground. This indicates that the
transformer operates under optimal conditions, with high efficiency and reliable system
performance. The low neutral current and minimal load imbalance signify that the phase loads
are well-managed, thereby minimizing the risk of overcurrent, overheating, and insulation
damage.

Furthermore, the small power losses both in the neutral conductor and in the grounding
system indicate that the electrical energy lost due to load imbalance remains within very safe
limits and does not significantly affect the overall efficiency of the power system. This
condition reflects an efficient and stable distribution system capable of maintaining good
power quality.

Transformer 1 at Bungaran Substation can be categorized as having optimal
performance, a long service life, and is suitable for continued operation without requiring
major corrective actions. Nevertheless, regular monitoring of load currents, phase imbalance,
and neutral current is still necessary to ensure stable operating conditions, maintain
transformer efficiency, and guarantee that the power system operates reliably, safely, and in
accordance with PT PLN (Persero) standards.
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